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to  conform  to  its  Kules. 

The  Fellows  and  Memhers  of  Chartered  Literary  and  Philosophical 
Societies  publishing  Transactions,  in  the  British  Empire,  shall  be  entitled, 
in  like  manner,  to  become  Members  of  the  Association. 

The  Officers  and  Members  of  the  Councils,  or  Managing  Committees, 
of  Philosophical  Institutions  shall  be  entitled,  in  like  manner,  to  become 
Members  of  the  Assoc  iation. 

All  Members  of  a  Tiiilosophical  Institution  recommended  by  its  Coun- 
cil OfT  Managing  Committee  snail  be  entitled,  in  like  manner,  to  becomo 
Ifambers  of  the  Association. 

Persons  not  belonging  to  such  Institntions  shall  be  elected  by  the 
General  Committee  or  Council  to  become  Life  Members  of  tho  Asso- 
ciation, Annual  SubHcribcrs,  or  Associates  for  the  year,  subject  to  the 
approval  of  a  General  Meeting. 

CompoaUUms,  Suhscriptiona,  and  PrivUegea. 

Life  Membebs  shall  pay,  on  admission,  the  sum  of  Ten  Ponnds.  Tluy 
shall  receive  gratuitously  the  Reports  of  the  Associatiou  which  may  be 
published  after  the  date  of  snoh  payment.  They  are  eligible  to  all  the 
offlosa  of  the  Association. 

AmruAL  SuBSCRiBBES  shall  pay,  on  admission,  the  sum  of  Two  Ponnds^ 
and  in  each  foUowing  year  the  sun  of  One  Pound.  They  shall  reoei?a 
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gratuitously  the  Reports  of  the  Association  for  the  year  of  their  admission 
and  ior  the  yean  inwhioh  they  oontiiiiie  to  pay  wUhaut  mhrmitsum  their 
ATinniil  Suheoription.  Bj  omitting  to  pay  this  sabsoriptMin  in  any  par. 
ticniar  year,  Memhers  of  this  olass  (Annual  Suheoribers)  lose  for  that  and 
all  future  years  the  privilege  of  receiving  the  volumes  of  the  Association 
gratis  ;  but  they  may  resume  their  Membership  and  other  privileges  at  any 
subsequent  Meeting  of  the  Association,  paying  on  each  such  occasion  the 
Bum  of  One  Pound.    They  are  eligible  to  all  the  offices  of  the  Ahsociation. 

A8800UTB8  for  the  year  shall  pay  on  admission  the  sum  of  One  Ponnd. 
They  shall  not  receive  grahaioutly  the  Reports  of  the  Association,  nor  he 
eligible  to  serve  on  CommitteeB,  or  to  hold  any  olBoe« 

The  Association  oonsbts  of  the  following  classes  i-^ 

1.  Life  Members  admitted  from  X881  to  1845  inclusive,  who  have  paid 
on  admission  Five  Pounds  as  a  composition. 

2.  Life  Members  who  in  1846,  or  in  snbeeqaent  years,  have  paid  on 

admission  Tfii  Pounds  as  a  composition. 

3.  Annual  Members  admitted  from  1831  to  1839  inclusive,  snbject  to 
the  payment  of  One  Pound  annually.  [May  resume  their  Membership  after 
intermission  of  Annual  Payment.] 

4.  Annual  Members  admitted  in  any  year  since  1839,  subject  to  the 
payment  of  Two  Pounds  for  the  first  year,  and  One  Pound  in  each 
following  year.  [May  resume  their  Membership  after  intennission  of 
Annual  Payment.] 

5.  Associates  for  the  year,  s\ihject  to  the  payment  of  One  Pound. 

6.  Corresponding  Members  nominated  by  the  Council. 

And  the  Membera  and  Associates  will  be  entitled  to  receive  the  annual 
volume  of  Ro]>orts,  grafts,  or  to  purrhasr  it  at  reduced  (or  Members*} 
price,  according  to  the  following  spccificatioTi,  viz.: — 

1.  QrcUis. — Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 

sition for  Annual  Payments,  aTul  ]irevioiifi  to  184-5  a  further 
sum  of  Two  Pounds  as  a  Book  Subscription,  or,  ssince  1845, 
a  fhrther  sum  of  Five  Pounds. 

New  Life  Members  who  have  paid  Ten  Pounds  as  a  composition. 

Annual  Members  who  have  not  inienmUod  their  ^Annual  Sub- 
scription. 

2.  At  reduced  or  Members'  Price,  viz.,  two-thirds  of  the  Publication  Price. 

— Old  Life  Members  who  have  paid  Five  Pounds  as  a  compo- 
sition for  Annual  Payments,  but  uo  further  sum  as  a  Book 
Subscription. 

AnnualMembers  who  have  intermitted  their  Annual  Subscription. 
Associates  for  the  year.   [Privilege  confined  to  the  volume  for 

that  year  only.] 

3.  Members  may  purchase  (for  the  purpose  of  completins^  their  sets)  any 

of  the  volumes  of  the  Reports  of  the  As.sociation  up  to  18/4, 
of  which  more  than  15  copies  remain^  at  2*.  6d.  per  volume.^ 

Application  to  be  made  at  the  OfTice  of  the  Association. 
Volumes  not  claimed  within  two  years  of  the  date  of  publication  can 
only  be  issued  by  direction  of  the  Council. 

Subecriptions  shall  be  received  by  the  Treasurer  or  Secretaries, 

*  A  few  complete  sets,  1831  to  1874,  are  on  tale  at  £10  the  set. 
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The  Association  sliall  meet  annnally,  for  one  week,  or  longer.  The 
place  of  each  Meeting  shall  be  appointed  by  the  General  Committee  not 
laiB  ihuk  two  J9m  m  Advaiioe  ^  $  and  the  arrangeiaeiita  for  it  shidl  be 
entrustod  to  the  OBoen  of  the  Aflsooiation. 

Omeral  CommiUee, 

The  General  Committee  shall  sit  dnrmg  the  week  of  the  Meeting,  or 
longer,  to  transact  the  bnsiiieBs  of  the  Association.  It  shall  consist  of  the 
following  persons 

Glass  A.  Psbmavbiit  Mbmbibs. 

1.  Members  of  the  Council,  Presidents  of  the  Association,  and  Presi- 
dents of  Sections  for  the  present  and  preceding  years,  with  Authors  of 
Beports  in  the  Transactions  of  the  Association. 

2.  Members  who  by  the  poblication  of  Works  or  Papers  have  fur- 
thered the  advancement  of  those  subjects  which  are  taken  into  oonsidera* 
tion  at  the  Sectional  Meetings  of  the  Association.  With  a  view  of  sub- 
mitting new  claims  under  this  Rule  to  the  ilei-iMon  of  the  Couwil,  they  must  be 
sent  to  tlie  Assistant  General  Secretary  at  least  one  month  before  the  Meeting 

^iheAs90ciaiUm  io  he  placed  oniheUitio/ihe  Ommai  Oommittee  to  he  final* 

Cuss  B.  Tbmpobabt  Mbmbbbs.' 

1.  Delegates  nominated  by  the  Corresponding  Societies  nnder  the 
conditions  hereinafter  explained.  Claims  under  this  Rule  to  he  tent  to  the 
Assistant  General  Secretary  before  the  op^niny  of  the  Meeting. 

2.  Office-bearers  for  the  time  being,  or  delegates,  altogetlier  not  ex- 
ceeding three,  from  Scientific  Institutions  established  in  the  place  of 
Meeting.  Glaime  under  thie  Rule  to  he  approved  the  Local  Secretaries 
before  the  opening  of  the  Meeting, 

3.  Foveignera  and  other  individuals  whose  assistance  is  desired,  and 
who  are  specially  nominated  in  writing,  for  the  Meeting  of  the  year,  by 
the  President  and  General  Secretaries. 

4.  Vice-Presidents  and  Secretaries  of  Sections. 

Orgarming  SeeUoiud  Gammitteea,* 

The  Presidents,  Vice-Presidonts,  and  Secretaries  of  the  sevcml  Sec- 
tions are  nominated  by  the  Council,  aud  have  power  to  exercise  the  func- 
tions of  Sectional  Committees  until  their  names  are  snbmitted  to  tiie 
General  Committee  for  election. 

From  the  time  of  their  nomination  they  constitute  Organisin^^  Com- 
mittees for  the  purpose  of  obtaining  information  upon  the  Memoirs  and 
Eeports  likely  to  be  sabmitted  to  the  Sections,^  and  of  preparing  Beports 

■  Be  vised  by  the  General  Committee,  Liverpool,  18UG. 

*  BeviMd,  Montieal,  1884. 

'  Passed,  Bdinburffh,  1871,  revi.serl.  Dover, 

*  JVotu'e  io  CoiUributart  of  Memoirs. — Authors  are  rominrled  that,  under  an 
anangemcot  dating  from  1871,  the  acceptance  of  Memoirs,  and  the  days  on  wbicb 


ui^ui-L-j  cy  Google 


xzxii 


BSPORT — 1902 


thereon,  and  on  the  order  in  which  it  is  desirable  that  they  should  bo 
read.  The  Sectional  Presidents  of  former  years  are  ex  ofjicio  members 
of  the  Organising  Sectaonal  Committees.' 

An  OrsanisiDg  Connoitiee  may  also  hold  eadi  prelizninarj  meetings  as 
the  Presidettt  of  the  Committee  thinks  expedient,  but  shall,  under  any 
circnmstances,  meet  on  the  first  Wednesday  of  the  Anaoal  Heetiag,  at 
2  i'.M.,  to  appoint  members  of  the  Sectional  Committee.^ 

Constitution  of  the  SeHional  Committees.* 

On  the  first  day  of  the  Annual  Meeting:,  the  President,  Vice-Presi- 
dents, and  Secretarirs  of  each  Section,  who  will  be  Rppointed  by  the 
General  Committee  at  4  p.m.,  and  those  previous  Presidents  and  Vice- 
Presidents  of  the  Section  who  may  desire  to  attend,  are  to  meet,  at  2  P.M., 
in  their  Committee  Booms,  and  appoint  the  Sectional  Committees  by 
selecting  individnals  from  among  the  Memhers  (not  Associates)  present 
at  the  Meeting  whose  assistance  they  may  particularly  desire.  Any 
Member  who  has  iiitlmatcil  tlio  iiitontion  of  attending  the  Meeting,  and 
who  has  already  served  upon  a  Committee  of  a  Section,  is  eligible  for 
election  as  a  Member  of  the  Committee  of  that  Socti(m  at  its  first 
meeting.^  The  Sectional  Committees  thas  constituted  shall  have  power 
to  add  to  their  nnmber  from  day  to  day. 

The  List  thns  formed  is  to  be  entered  daily  in  the  Sectional  Minnte- 
Booky  and  a  copy  forwarded  without  delay  to  the  Printer,  who  is  charged 
with  publisbincT  the  same  before  8  A.U.  on  the  next  day  in  the  Jonmal  of 
the  Sectional  Proceedings. 

Bu8inA>8S  of  the  Sectional  Comrnittees, 

Committee  Meetings  are  to  be  held  on  the  "Wednesday,  and  on  the 
following  Thursday.  Friday,  Saturday,'^  Monday,  and  Tuesday,  for  the 
objects  stated  in  the  Kales  of  the  Association.  The  Organising  Committee 
of  a  Section  is  empowered  to  arrange  tlio  boars  of  meeting  of  the  Section 
and  the  Sectional  Committee  except  for  Saturday.' 

The  business  is  to  be  oondncted  in  the  following  manner : — 

1.  The  President  shall  call  on  the  Secretary  to  read  the  minutes  of 
the  previous  Meeting  of  the  Committee. 

they  arc  to  be  read,  are  now  as  far  as  po-^-^iMr  flctertnined  liy  OrL^anisinp  C'l-inimiUecs 
for  the  several  Sections  brforc  the  beginning  uf  the  Meeting,  it  Las  therelorc  become 
neces-sary,  in  order  to  give  an  ot^ftortunity  to  the  Oommittees  of  doing  justice  to  the 
several  Comiminications,  that  each  antlior  slumM  prepare  an  A1>t'tract  of  his  Memoir 
of  a  length  Miiiable  for  insertion  in  the  publiiihed  Tninsactions  of  the  Association, 
aa<l  that  hu  should  send  it,  together  with  the  original  Memoir,  by  book-post,  on  or 

before  i  addressed  to  the  General  Secretaries,  at  the  office  of 

the  Association.    'For  Section  '    If  it  should  be  inconvenient  to  the  Author 

that  bis  pBjpw  should  be  read  on  any  particular  days,  he  is  requested  to  send  in* 
formation  tnereof  to  the  Secretaries  in  a  separate  note.  Authon  who  send  in  their 
MSS.  three  complete  weeks  before  th.-  M(  ctin",',  and  whose  papers  are  accepted, 
will  be  furnished,  before  the  Meeting,  with  printed  copies  of  their  Beports  and 
abstracts.  No  Report,  Paper,  or  Abstract  can  be  liMerted  in  the  Annual  Volume 
anless  it  is  handed  either  to  the  Recorder  of  the  Section  or  to  the  Aaaistaut  General 
Secretary  hefore  the  conolusum  o/  the  A/trf  inff. 

>  Sheffield,  187S>.  *  Swansea,  1880,  revi8e<l,  Dover,  1899. 

I  Edinburgh,  1871,  revised.  Dover,  1899.  *  GlaBgow,  1901. 

A  The  meeting  on  Saturday  is  optional,  Soathport,  1888.    *  Mottingbam,  1898. 
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2.  Ko  paper  eball  be  read  until  il  has  been  formally  aeoepied  bj  the 

Committee  of  the  Section,  and  entered  on  the  minntea  accord* 

ingly. 

3.  Papers  whicli  have  been  reporteci  on  tinfavonrably  by  the  Or^n- 

ising  Committeea  sbali  not  be  broagUt  before  the  Sectional 
Committeea.^ 

At  the  fint  meeting,  one  of  the  Seeretaries  will  read  the  ^(inntea  of  * 
last  year's  pioceedings,  as  recorded  in  the  Minnte-Book,  and  the  Synopeia 

of  Recommendations  adopted  at  the  last  Meeting  of  the  Association 
and  printed  in  the  last  volume  of  the  iteport.  He  will  next  proceed  to 
read  the  Keport  of  the  Organising  Committee.^  The  list  of  Commani- 
catioDS  to  be  read  on  Thuraday  shall  be  then  arranged,  and  the  general 
diitrtlmtioii  of  bosinesB  throoghont  the  week  shall  be  provisionuly  ap. 
pointed.'  At  the  close  of  the  Committee  Meeting  the  Secretaries  shall 
forward  to  the  Printer  a  List  of  the  Papers  appointed  to  be  read.  The 
Printer  i^  charged  with  pablishing  the  same  before  8  a.m.  on  Thnrsdaj 
in  the  Journal. 

On  the  second  day  of  the  Annual  Meeting,  and  the  following  days, 
the  Seeretaries  are  to  correct,  on  a  copy  of  the  Jonmal,  the  l»t  of  papers 
which  haYc  been  read  on  that  day,  to  add  to  it  a  list  of  those  appointed 

to  be  read  cm  the  next  day,  and  to  send  this  copy  of  the  Journal  as  early 
in  the  day  as  possible  to  the  Printer,  wlio  is  charged  with  printing  the 
same  befm-c  >^  a.m.  next  morning  in  the  Journal.  It  is  necessary  that  one 
of  the  Secretaries  of  each  Section  (generally  the  Recorder)  shoold  call 
at  the  Printing  Ollice  and  revise  the  proof  euch  ev  ening. 

Minntes  of  the  proceedings  of  every  Committee  are  to  be  entered  dailj 
in  the  Minnte-Book,  which  should  be  confirmed  at  the  next  meeting  of 
the  Committee. 

Lists  of  the  Rf  ports  and  Memoirs  read  in  the  Sections  are  to  be  entered 
in  the  Minnte-Book  daily,  which,  with  all  Memoirs  and  Copies  or  Abstracts 
of  Memoirs  furnished  by  Authors,  are  to  be  forwarded,  at  the  close  of  the 
Sectional  Meetings,  to  the  Assistant  General  Secretary. 

The  Yice-Presidents  and  Secretaries  of  Sections  become  e»  ojfieio 
Umponry  Members  of  the  General  Committee  (vide  p.  xxxi),  and  will 
receiye,  on  application  to  the  Treasurer  in  the  Beception  Room,  Tickets 
entitlinir  them  to  attend  its  Meetings. 

The  Committees  will  take  into  consideration  any  suggestions  which  may 
be  offered  by  their  Members  for  the  adyancement  of  Science.  They  are 
speciallj  requested  to  reriew  the  recommendations  adopted  at  preceding 
Meetinga,  as  published  in  the  volumes  of  the  Association,  and  the  com- 
munications made  to  the  Sections  at  this  Meeting,  for  the  purposes  of 
selecting  definite  points  of  research  to  which  individual  or  combined 
exertion  may  be  usefully  directed,  and  branches  of  knowledge  on  the 
state  and  progress  of  which  Reports  are  wanted  ;  to  name  individuals  or 
Committees  for  the  execution  of  such  Reports  or  researches  ;  and  to  state 
whether,  and  to  what  degree,  these  objects  may  be  usefully  advanced  by 
the  appropriation  of  the  funds  of  the  Association,  by  application  to 
GoTcmment^  Philcsophxcal  Institutions,  or  Local  Authorities. 

Tn  ca.<?e  of  appointment  of  Connnittces  for  special  objects  of  Science, 
it  is  expedient  that  all  Members  of  the  Committee  should  be  named,  and 


'  Plymouth,  1877.  "  Edinburgh,  1871. 
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one  of  iton  appointed  to  aefc  as  Chauniiaii»  who  shall  have  notified  per* 

Bonallj  or  in  writing  his  willingneai  to  accept  the  office,  the  Chairman  to 

have  tlic  responsibility  of  receiving  and  disbursing  the  grant  (if  any  has 
been  made)  and  securing  the  presentation  of  the  report  in  due  time  ;  and, 
fortlier,  it  is  expedient  that  one  of  the  members  should  be  appointed  to 
act  as  Secretary,  for  ensuring  attention  to  business. 

That  it  is  desirable  that  we  nnmber  of  Ifemben  appointed  to  serre  osk 
a  Comimttee  should  be  rs  small  as  is  consistent  ^^  ith  its  efficient woriring. 

That  a  tabular  list  of  the  Committees  appointed  on  the  recommenda- 
tion of  each  Section  should  be  sent  each  year  to  the  Recordei*s  of  the 
several  Sections,  to  enable  them  to  fill  in  the  statement  whether  the- 
several  Committees  appointed  on  the  recommendation  of  their  respectiye- 
Sections  had  presented  their  reports. 

Thttt  on  the  proposal  to  reoommend  the  appointment  of  a  Committee- 
for  a  special  object  of  seiencc  having  been  adopted  by  the  Sectional 
Committee,  the  number  of  Members  of  such  Committee  be  then  fixed, 
but  that  the  Members  to  serve  ot\  sneh  Committee  Ix^  nominated  and 
selected  by  the  Sectional  Committee  tit  a  subsequent  meeting.* 

Committees  have  power  to  add  to  their  number  persons  whose  assist- 
ance they  may  require. 

The  recommendations  adopted  by  the  Committees  of  Sections  are  to 
be  registered  in  the  Forms  furnished  to  their  Secretaries,  and  one  Copy  of 
each  is  to  be  forwarded,  without  delay,  to  the  Assistant  General  Secretary 
for  presentation  to  the  Committee  of  Recommendations.  Unless  this  b0 
done^  the  Recomviendations  caniiol  rereive  the  sanrtion  of  the  Association. 

N.B. — Recommendations  which  may  originate  in  any  one  of  the  Sections 
nrast  first  he  sanctioned  hj  the  Committee  <tf  that  Section  before  they  can 
be  referred  to  the  Committee  of  Recommendations  or  confirmed  by  the 
General  Committee. 


Notices  regarding  QranU  of  Money, ^ 

1.  No  Committee  shall  raise  money  in  the  name  or  under  the  ansmces  of 

the  British  Association  withont  special  permission  from  the  General 
Committee  to  do  so;  and  no  money  so  raised  shall  be  expended 
except  in  accordance  with  the  Rules  of  the  Association. 

2.  In  grants  of  money  to  Committees  the  Association  does  not  contem- 

plate the  payment  of  |)ersonal  expenses  to  the  Members. 

3.  Committees  to  which  grants  of  money  are  entrusted  by  the  Association 

for  the  proseoation  of  partionlar  Bssearches  in  Science  are  ap- 
pointed for  one  year  only.  If  the  work  of  a  Committee  cannot  be 
completed  in  the  year,  and  if  the  Sectional  Committee  desire  the 
work  to  be  continued,  application  for  the  reappointment  of  the 
Committee  for  another  year  most  be  made  at  the  next  meeting  of 
the  Association. 

4.  Each  Committee  is  required  to  present  a  Report,  whether  final  or  in* 
terim,  at  the  next  meeting  of  the  Association  after  their  appoint- 
ment  or  reappointment.  Interim  Reports  most  be  submitted  in 
writing,  though  not  necessarily  for  pnblieation. 

*  Bevised  by  the  General  Committee,  Bath,  1888. 

*  BevSiad  by  tlie  Gmend  Commttftee  at  Ipswich,  1895. 
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Ill  6«oh  Committee  the  Cbairman  k  ihe  only  peiwm  entitled  to 

cell  on  the  Treasarar,  Professor  O.  CSerey  Foster,  F.R.S.,  for 
snch  portion  of  the  same  gnmted  as  mey  from  time  to  time  be 

required, 

6.  Grants  of  money  sanctioned  at  a  meeting  of  the  Association  expire  on 

June  30  following.  The  Treasurer  is  not  authorised  after  that 
date  to  allow  any  claims  on  aoooimt  of  each  grants. 

7.  The  Cbairman  of  a  Committee  mnat,  before  the  meeting  of  the  Asso- 

ciation next  following  after  the  appointment  or  reappointment  of 
the  Committee,  forward  to  the  Treasurer  a  statement  of  the  snms 
which  have  been  received  and  expended,  with  vouchers.  The 
Chairmau  must  also  return  the  balance  of  the  grant,  if  any,  which 
baa  been  received  and  not  spent ;  or,  if  fturthor  expenditure  is  con- 
templated, be  must  apply  for  leave  to  retain  the  balance. 

8.  wnen  application  is  made  for  a  Committee  to  be  reappointed,  and  to 

retain  the  balance  of  a  former  grant  which  is  in  the  hands  of  the 
Chairman,  and  al<o  to  receive  a  further  grant,  the  amount  of  such 
farther  grant  is  to  be  estimated  as  beinrr  additional  to,  and  not 
inclusive  of,  the  balance  proposed  to  be  retained. 
9*  The  Committees  of  the  Sections  shall  ascertain  whether  a  Beport  has 
been  made  by  every  Committee  appointed  at  the  previous  Meeting 
to  whom  a  sum  of  money  has  been  granted^  and  shall  report  to  the 
Committee  of  Recommendations  in  eveiy  ease  where  no  snoh 
report  has  been  received. 

10.  Members  and  Committees  who  may  be  entrusted  with  sums  of  money 

for  collecting  specimens  of  any  description  are  requested  to  re- 
serve the  specimens  so  obtained  to  be  dealt  with  by  authority  of 
the  ConnoU. 

11.  Committees  are  raqnented  to  furnish  a  list  of  any  apparatus  which 

may  have  been  pnrcliased  ont  of  a  grant  made  by  the  Association, 
and  to  state  whether  the  apparatus  will  be  useful  for  continuing 
the  research  in  question,  or  for  other  scientific  purposes. 

12.  All  Instmments,  Papers,  Drawings,  and  other  property  of  the  Aseo- 

dation  are  to  be  deposited  at  the  Office  of  the  Association  whea 
not  employed  in  scientiftc  inquiries  for  the  Association. 


BunneaB  of  the  Sections, 

The  Meeting  Room  of  each  Section  is  opened  for  conversation  shortly 
befcnre  the  meeting  commences.  The  Section  Rooms  and  approaches  thereto 
can  be  used  for  no  notices^  exhibitioita^  or  other  purposes  tlian  those  of  the 

At  the  time  appointed  the  Chair  will  be  taken,'  and  the  reading  of 
eommunioaitions,  in  the  order  previously  made  public,  commenced. 

Sections  may,  by  tlie  dosiro  of  the  Committees,  divide  themselves  into 
Departments,  as  often  as  the  number  and  nature  of  the  communications 
delivered  in  may  render  such  divisions  desii'able. 

*  The  Organifiiog  Conunittet  of  a  Section  is  empoirared  to  arrange  the  hours 
oCmNtiag  of  the  Section  and  of  the  Sectional  Committee,  except  for  ^tmday. 

b2 
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A  Report  presented  to  the  Association,  and  road  to  the  Section  which 
onginally  called  for  it,  may  be  read  in  another  Section,  at  tl»e  request  of 
the  Officers  of  that  Section,  with  the  consent  of  the  Author. 

Duties  of  the  Doorkeepers, 

1.  To  remain  cotistantly  at  the  Doors  of  tho  Rooms  to  which  they  ar© 

appointed  during  the  whole  time  for  which  they  are  engaged. 

2.  To  reqaire  of  every  person  doBtroas  of  entericg^  the  Rooms  the  ex- 

hibition of  a  Member's,  Aaiociate's,  or  Lady's  Ticket,  or  Reporter's 
Ticket,  signed  by  the  Treaenrer,  or  a  Special  Ticket  signed  bj  the 
Assistant  G(>neral  Secretary. 

3.  Persons  unprovided  with  any  of  these  Tickets  can  only  be  admitted 

to  any  particular  Boom  by  order  of  the  Secretary  in  that  Room. 

No  person  is  exempt  from  these  Rules,  except  those  Officers  of  the 
Association  whose  names  are  printed  in  the  Official  Programme^  p.  1, 

Duties  of  the  Messengers, 

To  remain  ronhtantly  at  the  Rooms  to  which  they  are  appointed  dur- 
ing tiie  wholu  time  for  which  they  arc  engaged,  except  when  employed  cn 
messages  by  one  of  the  Offioers  directing  these  Rooms. 

Committee  of  Recommeiidatioiis, 

The  General  Committee  shall  appoint  at  each  Meeting  a  Committee, 
which  shall  receive  and  consider  the  Recommendations  of  the  Sectional 
Committees,  ati<l  report  to  tho  Geneml  ComTnittcc  the  measures  which 
they  would  advise  to  be  adopted  for  tho  ndvaTicement  of  Science. 

The  ex  officio  members  of  the  Committee  of  Recommendations  are  the 
President  and  Yioe'Presidentsof  the  Meeting,  the  General  and  Assistant- 
General  Secretaries,  the  General  Treasnrer,  the  Trustees,  and  the  Presidents 
of  the  Association  in  former  years. 

All  Recommendations  of  Grants  of  Money,  Requests  for  Special  Re- 
searches, and  ReportH  on  Scientific  Subjects  shall  bo  submitted  to  the 
Committee  of  Recommendations,  and  not  taken  into  consideration  by  the 
General  Committee  unless  previously  recommended  by  the  Committee  of 
Recommendations. 

All  proposals  for  establishing  new  Sections,  or  altering  the  titles  of 
Sections*  or  for  any  other  change  in  the  constitutional  forms  and  funda- 
mental rules  of  the  Association,  shall  be  relerred  to  the  Committee  of 
Recommendations  for  a  report.' 

If  the  President  of  a  Section  is  unable  to  attend  a  meeting  of  the 
Committee  of  Reoommendations,  the  Sectional  Committee  shall  be. 
aathorised  to  appoint  a  Vice-President,  or«  failing  a  Vice-President, 
some  other  member  of  the  Committee,  to  attend  in  his  place,  due  notice 
of  the  appointment  being  sent  to  the  Assistant  General  oecretarj«' 

*  Passed  by  the  General  Committee  at  Birmingham,  1865. 

*  Ftisted  by  the  Qenstal  COnunittse  at  Leeds,  1890. 
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Corrtaponding  SodetUaJ 

1.  Any  Society  is  eligible  to  be  placed  on  tbe  List  ol  CorrespondiDg 
Societies  of  the  Asaodatton  wbieb  undertakes  local  scieDtifio  inyestiga* 
tioDS,  and  pablishes  notices  of  tlie  resnlts. 

2.  Application  may  be  made  by  any  Society  to  be  placed  on  the 
List  of  Correspondirior  Societies.  Applications  must  be  addressed  to  the 
Assistant  General  Secretary  on  or  before  tbe  let  of  June  preceding  the 
Annnsl  Meeting  at  wbidi  it  is  intended  they  sbonld  be  considered,  and 
must  be  aceompanied  by  spedmens  of  the  publications  of  tbe  resnlts  of 
the  local  scientific  investigations  recently  undertaken  by  tbe  Society. 

3.  A  Corresponding  Societies  Comraitteo  shall  be  annually  nomi- 
natfd  by  the  Council  and  appointed  by  the  Gcnoi'nl  Committee  for  the 
purpose  of  consideriug  these  np[)lications,  as  \vell  as  for  that  of  kec])ing 
themselves  generally  informed  ot  the  annual  work  of  the  Corresponding 
Soeietaes,  and  of  snperintending  the  preparation  of  a  list  of  the  papers 
pablished  by  them.  This  Committee  shall  make  an  annual  report  to  the 
General  Committee,  and  shall  suggest  such  additions  or  changes  in  the 
List  of  Corr^ponding  Societies  as  they  may  think  desirable. 

4.  Every  Corresponding  Society  shall  return  each  year,  on  or  before  the 
Ist  of  June,  to  the  Assistant  General  Secretary  of  the  Association,  a 
schedule,  properly  filled  up,  which  will  be  issued  by  him,  and  which  will 
oontain  a  request  for  such  ^larticulars  with  regard  to  the  Society  as  may 
be  required  for  the  information  of  the  Corresponding  Societies  Committee. 

5.  There  shall  be  inserted  in  the  Annoal  Beport  of  the  Association 
a  list,  in  an  abbreviated  form,  of  the  papers  published  by  the  Corre- 
sponding Societies  during  the  past  twelve  months  which  contain  the 
results  of  tbe  local  scientinc  work  conducted  by  them  ;  those  papers  only 
being  included  which  refer  to  subjects  coming  under  the  cognisance  of 
one  or  other  of  the  Tarious  Sections  of  the  Assoisiation. 

6.  A  Corresponding  Society  shall  liave  the  right  to  nominate  any 
one  of  its  members,  who  is  also  a  Member  of  the  Association,  as  its  dele- 
gate to  tbe  Annual  ^Meeting  of  the  Association,  who  shall  be  for  the  time 
a  Member  of  the  General  Committee. 

Conference  of  DeUgcUes  of  Corretponding  Socieiiee, 

7.  Tbe  Conference  of  Delegates  of  Corresponding  Societies  is  em- 
powered to  send  recommendations  to  the  Committee  of  Recommen- 
dations for  their  consideration,  and  for  report  to  ihu  General  Committee. 

8.  The  Delegates  of  the  various  Corresponding  Societies  shall  con- 
stitute a  Conference,  of  which  the  Chairman,  Vice-Chairmen,  and  Secre- 
taries shall  be  annually  nominated  by  the  Council,  and  appointed  by  the 
General  Committee,  and  of  which  ike  members  of  the  Corresponding 
Societies  Committee  shall  be  ex  cfieio  members. 

9.  The  Conference  of  Delegates  shall  be  summoned  by  the  Secretaries 
to  hold  one  or  more  meetings  duringeach  Annual  Mettincr  of  tlie  Associa- 
tion, and  shall  be  empowered  to  invite  any  Member  or  Associate  to  take 
part  in  the  meetings. 

10.  The  Secretaries  of  each  Section  shall  be  instructed  to  transmit  to 

■  Passed  by  the  General  Committee,  1884. 
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the  Secretaries  of  the  Conference  of  Delegates  copies  of  anv  recommen- 
datkms  forwarded  by  tbe  Preeidente  of  SeetioDs  to  the  Committee  of 
Beoommeudations  bearing  npon  matters  in  which  the  co-operation  of 
Correeponding  Societies  is  desired ;  and  the  SecrefcarieB  of  the  Conference 
of  Delegates  shall  invite  the  authors  of  these  recommendations  to  attend 
the  meetings  of  the  Conference  and  give  verbal  explanations  of  their 
objects  and  of  the  precise  way  in  which  they  would  desire  to  have  them 
carried  into  effect. 

11.  It  wi]l  be  the  dnty  of  the  Delegates  to  make  themeeira  familiar 
with  the  purport  of  theaeTeral  recommendations  brought  before  the  Confor- 
encc,  in  order  that  they  and  others  who  take  part  in  the  meetings  may  be 
able  to  bring  thoRe  rocommondations  clearly  and  favourably  before  their 
respective  Societies.  The  Conference  may  also  discuss  propositions  bear- 
ing on  the  promotion  of  more  systematic  observation  and  plans  of  opera- 
tion, and  of  greator  uniformity  in  the  mode  of  publishing  results. 

Local  Committees  Bhall  be  formed  by  the  Officers  of  the  Association 
to  assist  in  making  an-angements  for  the  Meetings. 

Local  Committees  shul  have  the  power  of  aidding  to  their  nnmbera 
those  Members  of  the  Association  whose  assistance  they  may  desire. 

Officers, 

A  President,  two  or  more  Vice- Presidents,  one  or  more  Secretaries, 
and  a  Treasurer  shall  be  annually  appointed  by  the  General  Committee. 

CowneU, 

In  the  intervals  of  the  Meetinp^s,  the  afiair«  of  the  Association  shall 
be  managed  by  a  Conncil  appointed  by  the  General  Committee.  The 
Council  may  albo  assemble  for  the  despatch  of  business  during  the  week 
of  the  Meeting. 

(1)  The  Council  shall  consist  of  * 

1.  The  Tmstoes. 

2.  The  past  Presidents. 

3.  The  President  and  Vice-Presidents  for  the  time  being. 

4.  The  President  and  Vice-Presidents  elect. 

5.  The  past  and  ])resent  General  Treasurers,  General  and 

Assistant  General  Secretaries. 

6.  The   Local   Treasurer  and  Secretaries  for   the  ensuing 

Meeting. 

7.  Ordinary  Members. 

(2)  The  Ordinary  Members  shall  be  elected  annually  from  the 

General  Committee. 

*  Passed  bj  the  Ctonenl  Committee  at  Belfut,  1874. 
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<3)  There  shall  be  not  moie  than  twenty^five  Qrdinaiy  Memben,  of 
whom  not  more  than  twenty  ahftU  have  aenred  on  the  Gonnoil, 

as  Ordinaiy  Members,  in  the  pievions  year. 

(4)  In  order  to  carry  out  the  foregomg  rnle,  the  followiiigj  Ordinary 
Members  of  the  outgoing  Council  shall  at  eacli  annual  election 
be  iDeligible  for  nomination : — Ist,  those  who  have  served  on 
the  CoancU  for  the  greatest  number  of  consecutive  years ;  and. 
Slid,  thoae  who,  iMing  leaident  in  or  near  Londoo,  have 
attended  the  fewest  number  of  Meetings  dnring  the  year 
— observing  (as  nearly  as  possible)  the  proportion  of  three  by 
seniority  to  two  by  least  attendance. 

^5)  The  Council  shall  submit  to  the  General  Committee  in  their 
Annaal  Beport  the  names  of  the  Members  of  the  ijreueral 
Gonunitiee  whom  thej  reoommend  for  eleetion  as  Members  of 
Coancil. 

(6)  The  Election  shall  take  place  at  the  same  time  as  (hat  of  the 
OiBoers  of  the  Association. 

Papen  and  CommunicaiiiyM. 

The  Antbor  of  any  paper  or  commnnieation  shall  be  at  liberty  to 
leserve  his  right  of  property  therein. 

Aooov/nJta, 

The  Aooonnts  of  the  Association  shall  be  audited  annually,  by  Anditom 
i^ipointed  hj  the  General  Committee. 
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TRUSTEES  AND  GEJiERAL  OFFICERS,  1831—1903. 


18li-?d  (Sir)  H  i.  UuBOMlBOX  (l3art.), 

F.KS. 

John  Tatlob,  E!<q..  F.R.S. 
C.  IUBBAO&,  k»q.,  F.RJS. 
F.  Bailt,  Esq..  F.K.S. 
Bbv.  O.  Piaoook,  T.R.S. 
General  E.  Sabine,  F  I'.  P 
Sic  F.  £GXBTOir,  Bart..  F.]i^. 


ffttJ8TEt:S. 
1S73 


1832-3D 
1844-08 


Sir  J.  Lubbock.  Bart,  (now  Uttd 
Atbbubt).  F.R.S. 
188U8S  W.  SpoTTmwooDB,  Xiq.,  Ftai. 

R.8. 

1883      Lord  ilAYLElQH,  F.R.S. 
1888.98  Bir  LYoir  (aftawarda  Lotd) 

Platfaib,  F.R.S. 
1898  rrof.CSir)A.W.B0cKn^F.R.8. 


CONB^L  TRBASUBBBS. 


1881       JOHATHAS  GBAT,  Esq. 
1888^  JOBS  TATLOB,  Baq.,  F.IL8. 
180-74  W.  8fomtirooin»  Emin  F JL8. 


187i>-91  Prof.  A.  W.  W1LUAM8OB,  FJLB. 
1801^  Prof.  A.  W.  BOOKUI,  F.R.8* 
FroL  0.  C.  FosxBKi  FiUSi 


aSJBlEBAL  SSCBSTARIBS. 


18SS.86 

1835-  36 

1836-  37 

1887-39 

1889.45 

4845-50 
186U9 

1 852-53 
18.-,3-69 
I8r>9-fil 

l«62-63 


1865-66 
1868.88 


Bev.  W.  TbBBOH  HABCOVBTt 

F.R.S. 

Rev.  W.  Ybbkox  HaecouBT, 
F.R8n  and  F.  Bailt,  Baq., 

F.R.S. 

Bev.  W.  YsByoM  Habcoubt. 
V.B.8.,  and  R  t.  llimCBnoK. 

Esq..  F.R  S. 
B.  I.  MuKcnisoN,  Esq.,  F.R.S., 

and  Rev.  G.  Peacock,  F.R.S. 
Sir  B.  I.  MuBCHiflov.  F.R.S., 

and  Major  E.  Sabine,  F.R.S. 
LieaU>ColoDel  B.  SABiHB,FJi^. 
Oeneml  B.  SABimi,  F.11.8.,  tad 

J.F.  ROTLE,  Esq..  F.R.S. 
J.  F.  ROYLE,  Esq.,  F.R.S. 
General  E.  Sabine,  F.R.S. 
Prof.  B.  Walkkb,  F.R.S. 
W.  Hopkins.  Esq.,  F.R.S. 
W.  Hopkins.  Eaq..  F.R.S..  and 

Prof.  J.  pRiLLifS,  F.R.8. 
W.  Hopkins,  Esq.,  F.R.S.,  and 

F.  Galton.  Esq.,  F.R  S. 
F.  Galton,  Esq.,  r.R.8. 
F.  Galton,  Esq.,  F.R.S.,  and 

Dr.  T.  A.  HiBST,  VJiM, 


1848.71 

1871-72 

1872.76 

1878.81 

1881.82 

1882-8.3 
1883^ 

1896-97 


1R97- 

1900 

1900-02 


1903 


Dr.  T.  A.  HiBST,  I^.R.S.,  and  m** 

T.  Thomson,  F.R.S. 
Dr.T. 'rH0ii80N.l!\B.S.,andCapk. 

DOUOLAB  Oalton,  F.B.8. 
Capt.  D.  Galton,  F.R.S.,  nnd 

Dr.  MlCHABL  F08TBS,  F.B.$. 
Copt  D.  Galton,  F.B.8.,  ahtll 

Dr.  P.  L.  SCLATER.  F.R.8. 
Capt.  U.  Galton.  F.R.S.,  and 

Prof.  F,  M.  Balfour,  F.R.S. 
Capt.  Douglas  Galton,  F.R.8. 
Sir  Douglas  Galton,  F.R.S., 

and  A.  G.  Vbbson  HabooCBT, 

Esq.,  F.B.8. 
A.  O.  VEBNON  Habcoubt,  Esq., 

F.R.S.,   and    ProL    B.  A. 

SOHAFKB,  F.R.S. 
Prof.  SoHlVBB,  F.IU3.,  and  Sir 

W.C.R0BBBT8-AU8TEN,F.R.8. 

Sir  W.  C.  Bobebts-Austkn, 
F.B.8.,  and  Dr.  D.  H.  Soott, 

F.RS. 

Dr.  D.  H.  Scott.  F.R.S.,  and 
Major  P.  A.  MacMahon. 
FJl.8. 


ASSISTANT  GBNBBAL  SXCBSTABIBS. 


1831  John  Phillips.  Esq.,  Secretary. 
18aS     Ptof.  J.  D.  FOBBBi,  AMtii 

Secretary. 
1832-62  Prof.  JoBN  Phillips,  F.B.8. 
1889.78  G.  Gbifftth,  Esq.,  lf.A. 
1878-40  J.  E.  B.  GnuDON,  Esq.,  B.A., 

Auiitant  Secretary. 
1891      O.  OBimTB,  Xsq.,  M.A.,  Acting 


1881-85  Prof.  T.  G.  BoNNBY,  F.R.S., 
Seeretarj^, 

1885-90  A.  T.  ATCRX80B,  XtqH  U.Ah 
Steretarjf. 

1890      G.  GBlFrtTH,  Esq.,  H.A.  AeHnf 

Secrrtarii. 
1890-1902  O.  Griffith,  Esq  .  M.A. 
1903      J.  G.  OaBSOK,  Esq.,  M.D. 
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Presidents  and  SecretUr  ieB  0/  the  Sections  0/  the  Association* 
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MATHBMATXOAL  Alf  D  PHYSICAL  80I£N0Ba 

OOMllITtll  or  IOnSCB8»  L— XATHBMATIOS  m  QMEEMkh  PKTII08. 

im.  Oxford  

1833.  Cambridge 
183i.  Bdioboii^ 


DaylesOilbertf  D.C.L.»F.B.8. 

Sir  D.  Brewster,  F.R.S  

Ber.  W.  Whewell,  F.B.S. 


Ber.   .  Ooddington. 

Prof.  B'otbcs. 

Fzof.  forbes*  FZof.  Llojd* 


SECTION  A. — MATHBIUTIOS  AND  PUT8IC8. 

1886.  pQbliB...M«jfieT.Sr.  BobinaoB   {Prof.  8ir  AV.  B.  Bamlltoii,  Vtoi. 

  Wheatatone. 

1888.  Brifftol  !  Bey. W!]I!a]BWhewe11»F.B.8.|  Prof.  Forbes,  W.  8.  Hlutis»  F.  W. 

'  Jerrard. 

Sir  D.  Brewst«r,  F.B.S  jW.  S.  Harris,  Bev.  Ftof.  Fbir^P, 

I    Prof.  Stevelly. 
Sir  J.  F.  W.  Heiaofael,  Bart.,!  Rev.  Prof.  Chevallier*  lUJor  SaUne, 

F.R.S.  !    Prof.  Stovelly. 


1837.  Liyeipool... 
1888«  KeiTMrtle 


1839.  Biniiiiigham 

1840.  Ola^ow 

1841.  Plymouth 
i848<  Uanehester 

l84S.  Cork. 4..  

i8H.  Totk  

-l84&  GKmbKidge 

|846.  Southtimp- 
ton. 

1847.  OHoiid  


Rev.  l»rof.  WheweU,  F.K,8.... 


Ftof .  Folbeii  F.B»8. 


1848.  8^Nuiiea ... 

1849.  Bitliaii8^ 


Rev.  Prof.  Lloyd,  F.B.8. 
Tery  Rev.  O.  Fteeoek, 
F.R.S. 

Prof.  M*CaUoch,  M.R.I.A.  ... 
The  Bwl  of  Bofse,  FJIL8.  ... 
The  Venr  Bey.  the  JhVi  of 

Ely. 

Sir  John  F.  W.  Herschel, 

Ban.»  F.R.S. 
Bev.    Ptof.  Fowell)  M.A., 

F.R.S. 
Iiotd  Wtottealey,  F.B.8. 
t^nilitti  Hopkini,  F.B.8. 


...... 


J.  D.  Ch&nce,  W.  Snow  HarriB*  Prof. 
Steyelly. 

Rev.  Dr.  Forbear  Prof,  8t«yoll/, 

Arch.  Smith. 
Prof.  Stcvelly. 

Prof.  M«Cunooh,Proi8tay«]l3r,Boy. 

W.  Scoresby. 
J.  Nott,  Prof.  SUsvelly. 
Bey.  Wm.  Hej,  IM.  8teyeUj« 

Rev.  H.  Goodwin,  ftof.  8teyelly, 

O.  G.  Stokes. 
John  Drew,  Dr.  Stcvelly,  G.  G. 

Stokes. 

Rev.  H.  Prioe,  P|of.  SteyeUj,  O.  Q«. 

Stokes. 
Dr.  8teyell  J,  0. 0. 8tokea, 
Prof.  Stevelly,  Q,  O,  8toltef^  V.. 

Bidout  Wills. 


1850.  Kdinbtirgh  |Prof.  J.  D.  Forbes,  F.R.8.,  W.  J.MaoquomRankine,Prof.8myth,. 

Sec  R.S.E.  I    Prof.  Stevelly,  Prof.O.O.  Stokes. 

Rev.    W.    WheweU,    D.D.,  S.  Jackson,  W.  J.  Macqnnm  Rankine, . 

F.B.8.  1    Prof. Stevelly, Prof.  G.G.Stokes. 

Prof.   W.  Thomson,   M.A.J  Prof.  Dixon,  W.  J.  Haoqooni  Baa*- 

F.R.S.,  F.R.8.E.  I    kine,  Prof.  Stcvelly,  J.  T>'ndall. 

The  Very  Bev.  the  Dean  of  :B.  Blaydea  Hawortb,  J.  D.  SoUitt^. 

BI7,  F.B.8.  I    Prof.  Stcvelly,  J.  Welsh. 

Prof.  a.  O.  Stokei,  M.A.,  Sec.  J.  Hartnup,  H.  G.  Piiokle,  Prof^* 

R.S.  I    Stevelly,  J.  Tyndall,  J.  Welsh. 

Bev.   Prof.  Kelland,  M.A.,  Rev.  Dr.  Forbes,  Prof.  D.Gray,  Prof.- 

F.R.S.,  F.RS.E.  i  Tyndall. 

Bev.  B.  Walker,  M.A.,  F.B.S.  C.  RroDke,  Rev.  T.  A.  Southwood',. 

Prof.  Stcvelly,  Bev.  J.  C.  ToroboU, 
Bay.  T.  B.  Bobinaon,  D.D.,  Prof.  Cnrtis,  Prof.  Beaunuft  P.  ▲ 
F,B.8.,  H.BXA.  Ninnis,  W.  J.  MiMqiioni  BaaUnfl^ 

Prof.  Stevellj. 


1851^  Iptwioh  ... 

IBM.  Belfist  

1858.  HaU  

l884«  Uyerpool... 
1865.  Glasgow  ... 

1886.  Ghaltenham 

1887.  Dublin...., 
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1868.  Leedi 

......  Rev.    W.   Wlwwell,  D.D^ 

Ber.  8.  Earnshaw,  J.  P.  Hennessy 

Prof.SteveUy.H.J.S.SmiUi,Frof. 
I  TTodalL 

1869.  Abadeon..,  TheBwlof  Itoi8e,MJk^K.pM  J.  P.  Hennetiy,  Prof.  Umxwall,  H. 

'    F.R.S.  J.  S.  Smith,  Prof.  Stevelly. 

186a  Oxf Old .......  Bev.  B.  Price,  M.A.,  F.B^....  Rev.  Q.  C.  Bell,  Bev.  T.  Benniaon, 

I    Prof.  Stevelly. 

1861.  IbaohMter  O.  B.  Aiiy,  M.A.,  D.aL.,<  Prof.  R.  B.  Clifton,  Prof.  H.  J.  8. 

F.RS.  Smitli.  Prof.  Stevt-lly. 

1862.  Cambridge  Prof.  G.  G.  Stokes,  M.A.,  Pn»f.  K.  B.  Clifton,  Prof.  H.  J.  S. 

V.RM,  Smith,  Prof.  Stevelly. 

Prof. W.J. MaoqnomBuiUne,  Uev.N.Ferrcrs.Prof. Fuller, F.Jenkin, 

C.  B.,  F.ii.S.  I    Prof.  Stevelly,  Bev.  C.  T.  WhiUey. 
1861.  Bath  Prof.  Cayley,  M.A.,  F.R.S.,  Ptof.  Fuller,  F.  Jenkin,  Ber.  O. 

F.R.A.S.  Buckle,  Prof.  Stevelly. 

1866. Birmingham (\V.Spottiawoode,M.A.,F.B.S.,  Rev.  T.  X.  Hutcliinson.  K.  J.nikin,  G. 

;    F.R.A.S.  I     S.  Milt  hews,  Prof.  II.  J.  S.  Smith, 

J.  M.  Wilson. 

1866>  Mottingham  Prof.    ^Vheatatone^    D.CJ1.,  Flecmin^.)enkin,Pro£.H.J.8. Smith, 
'    F.BiJ.  Bev.  S.  N.  Swann. 

1887.  Dundee  ...'Prof.SIr  W.Thonuon.D.CL.,  Ber.  G.  Bnekle,  Prof.  O.  C.  Foster, 

!    F.R.S.  Prof.  Fuller,  Prof.  Swan. 

1868.  ilorwich  ...I Prof.    J.    Tyndall,    LL.D.,  Prof.  G.  C.  Foster,  Bev.  B.  Harley, 
I    P.R.S.  R.  B.  Hayward. 

1888.  Bseler......!Prof.  J.  J.  Sylvester,  LLJ).,  Prof.  G.  C.  Foster,  B.  B.  Hayward, 

F.K.S.  W.  K.  ClifTord. 

1870.  Liverpool...! J.    Clerk    Maxwell,    M.A.,  Prof.  W.  G.  Adams,  W.  K.  Clifford, 
I   LL.D.,  F.B.8.  Prof.  O.  C.  Foster,  Bev.  W.  Allen 

mitworth. 

Prof.  P.  G.  Xait,  ...  1  Prof.  W.  G.  Adams,  J.  T.  Bottomley, 

!    Prof.  W.  K.  Clifford,  PTof.  J.  D. 

I    Everett,  Rev.  R.  Harley. 
W.  De  La Bae,  D.C.L., F.B.8.  Prof.  W.  K. ClifTord,  J.  W.  I.. Glaisher. 

Prof.  A.  S.  Herschel,  G.  F.  Kodwell. 
Prof.  W.  K.  Clitlord,  Prof.  Forbe.s,  J. 
W.L.  Glaisher,  Prof .  A.  S.  Hir.schcl. 
Bev.  Prof.  J.  H.  Jellett,  M.A.,  J. W.L.Glaisher,Prof. Herschel,  lian- 
M.B.IJk.  I   dal  NizoD,  J.  Perry,  G.  F.  Bodwell. 

Prof.  Balfour  Stewart,  HA.,  Prof.  W.  F.  Barrett,  J. W.L.Glaishor, 

LL.D.,  F.R.S.  C.  T.  Hudson,  G.  F.  Rodwell. 

Prof.  Sir  W.  Thomson,  M.A.,  Prof.  W.  F.  Barrett,  J.  T.  Bottomley. 

D.  aL.,  FJt.8.  r  r  f .  G .  Forbes,  J.  W.  L.  Olaisher, 

T.  Muir. 

Prof.  G.C.  Foster,  BJk.,F.B.S.,' Prof.  W.F.  Barrett,  J.  T.  Bottomley, 
Pres.  Physical  800.  t   J.  W.  L.  Olaisher,  F.  O.  Landon. 

Rev.    Prof.    Salmon,   D.D.,  Prof .  J.  Casey,  O.  F.  Fitzf?erald,  J, 
I    D.C.L.,  F.R.S.  I    W.  L.  Glawher,  Dr.  O.  J.  Lodge. 

1879.  flhefield  ...JOeorge    Johnstone    Stoney,  A.  H.  Allen,  J.  W.  L.  Glaisher,  Dr. 

M.A.,  F.R.S.  O.  J.  L<Kl^'e,  D.  MacAlister. 

1880.  Swansea  ...  Prof.  W.  Giylls  Adams,  MJ^.,  W.  E.  Ayrton,  J.  W.  L.  Glaisher, 

F.R.S.  Dr.  0.  J.  Lodge,  D.  MacAlister. 

1881.  Tosk.  I  Prof.  Sir  W.  Thomson,  ILA.,  Prof.  W.  E.  Ayrton,  Di-.  O.J.  Lodge 

LL.D.,  D.C.L.,  F.RS.  D.  MacAlistc  r,  lU  v.  W.  Rontli. 


1871.  Bdinboxgh 

1878.  Brifllitan... 
1818.  Bradford... 

1874.  Belfast.  

1878b  Bristol  

1876.  Glasgow  ... 

1B77.  Plymouth... 
1878.  DnUin.. .. 


Prof.  H.  J.  S.  Smith,  F.B.8.  . 


1882.  Southamp- 
ton. 

1888.  Sottttaport 

1884.  Montreal ... 


Bt.  Hon.  Prof.LoidBayleigh,|  W.  M.  Hicks,  Dr.  O.  J.  Lodge,  D. 

MJL,  F.B.8.  I    MacAlister,  Bev.  O.  Kchardson. 

ProLO.HMuiol,Ph.D.,F.B.S.;w.  M.  Hicks.  Prof.  0.  J.  Lodge, 

D.  MacAlist.T.  Prof.  R.  C.  Howe. 
Prof .  Sir  W.  Thomson,  M.A.,  C.  Curpmaol,  W.  M.  Uicks,  A.  John- 
I   IiLJ>.,D.ai«.,F.B.8.        I   son,  O.J.  Lodge,  D.HaeAlister. 
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1865.  AbMdeeo... 

1886.  Birmingiiam 

1887.  ManohMter 

1888.  Bftth  

18b0.  Newcastle- 
upon-Tyne 

1890. 


Prof.  C. 

Prof.  O.  H.  Darwin,  M.A., 

LL.D.,  F.R.S. 
Prof.  Sir  K.  K.  Ball,  M.A., 

LL.D.,  F.U.8. 
Prof.  0.  F.  Fiti«ei»ld,  M.A., 

F.n.s. 

Capt.  W.  de  W.  Abnej,  C.B.» 


1892.  Edinbaigh 

1893.  NottingluuD 

1894.  Oxford  

1898.  Ipswksh  ... 

1896.  LiverpooL.. 

1897.  Toronto  ... 
1896.  Brbtol ...... 


Prof.A.W.Racker,  M.A.,F.B.S. 


Chiystal,    M.A.,  R.  E.  Baynos.  R.  T.  Glaz^brook,  Prof. 

W.  M.  Hick*,  Prof.  W.  Ingram. 
R.  E.  Baynes,  R.  T.  Olasebrook,  Plof . 

J.  H.  Poyntinjf.  W.  N.  Shaw. 
R.  E,  Baynes.  R.  T.  Glazebrook,  ProL 

H.  Lainb,  W.  N.  Sliaw. 
n.  B.  Baynea,  R.  T.  GlMebfOok,  A. 

J/)djjre,  W.  N.  Sliaw. 
R.  £.  Baynes,  R  T.  Glazebiook,  A. 
Lodfre,  W.  K.  Shaw,  R.  Stroud. 
J.   W.   L.  OLiishcr,   8c.D.,  R.  T.  Glazcbrook,  Prof.  A.  I^g«, 
I    F.R.S. ,  V.P.R.A.S.  '    W.  N.  Shaw,  Prof.  W.  Stroad. 

1801.  Cardiff  !Prof.   O.    J.   Lodgo,   D.Sc.  R.  H.  Bavnes.  J.  Larmor,  Prof.  A. 

LL.D.,  F.R.S.  Lodge.'Prof.  A.  L.  Selby. 

Prof.    A.    Schuster,   Ph.D.,  II.  E.  Bavne.«.  J.  I^rmor,  Piof.  A. 

F.R.S.,  F.R.A.8.  Lodge,  Dr.  W.  Peddie. 

B.T.01aiebrook,M.A,F.R.8.  W.  T.  A.  Bmtage,  J.  Lannor,  FkoL 

A.  Lodpe.  Dr.  W.  Peddie. 
Prof.  \v.  H.  Heaton,  PxoL  A.  Lodge, 
I    J.  Walker. 

Prof.  W.  M.  Hicks,  M.A.,  Prof.  W.  U.  Heaton.  Prof.  A.  Lodge, 

F.R.S.  O.  T.  Walker,  W.  Watson. 

Prof.  J.  J.  TliomtoQ,  M.A.,  Prof.  W.  U.  Heaton,  J.  L.  Howard, 
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1868.  Norwloli  ... 

1869.  Exeter  

1870.  LiT«rpool... 

1871.  Edinburgh 

1872.  Brighton... 


Bev.  P.  B.  Brodie,  J.  Jones,  Hev.  E. 

Myers,  H.  C.  Sorby,  W.  Pcngelly. 
B.  Etlieridi^e,  W.  Peng«l^,  T,  WU- 

«on,  G.  H.  Wright. 
E.  Hull,  W.  Pengelly,  H.  Woodward. 
U.    A.  C.   Oodwiii'Aiuteo,  I  Bev.  0.  Fisher,  Ber.  J.  Oaim,  W. 
F.R.S.,  F.G.S.  I    Pencrelly,  Rev.  H.  H.  Winwood. 


1873.  Bfadfoid... 

1874.  Belftot  


1875.  Bristol  

1878.  Glasgow  ... 

1877.  Plj-mottth... 

1878.  Dnblia 

1879.  Sheffield  ... 

1880.  Hwansea  ... 

1881.  York  

1888.  Bonthamp- 

ton. 

1888.  Soatbport 


1884.  Montreal 


Prof.  B.  Harkness,  F.B.S., 
P.O.8. 

SirPliilipde  M.Grey  BgortOU, 

Bart.,  M.P.,  F.R. 8. 
Prof.  A.  Geikic,  F.R.8.,  P.G.8. 

B.   A.   0.  Godwui*Aiiiten, 
F.B.S..  F.G.S. 

Ptot  J.  Phillips,  P.B.8  

Prof.  Ho]}*  H>A.»  P.B.S., 

F.0.8, 

Dr.  T.  Wright,  F.R.S.E.,  F.G.S. 
Pftf .  John  Toang,  M.I>.  

W.  Pengelly,  F.R.8.,  F.G.S. 

John  Evans,  D.C.L.|  F.BJ3., 

F.8.A.,  F.G.S. 
Prof.  P.  M.  Duncan,  F.R.8. 
H.  C.  Sorby,  P. R. 8..  F.G.S..,. 

A.  C.  BamsaT,  LL.D.,  F.B.8., 
F.G.S. 

B.  Btheridge,  P.B.8.,  P.O  jB. 


Prof.   W.    C.  WUliamson, 

LL.D.,  P.B.8. 
W.  T.  Blanfoid,  P.B.S,  Sec. 

G.S. 

1885.  Aberdeen  ... ,  Prof.  J.  W.  Judd,  F.R.S.,  Sec. 

G.S. 

1886.  Birmingham  Prof.  T.  G.  Bonney,  D.Sc, 

LL.D.,  F.R.S.,  F.G.8. 

Renrjr    Woodward,  LL.D., 

F  II  S    F  G  S 
Prof,  w.'ilovd  Dawkins,  MJ^., 

F.K.S.,  F.G.S. 
Prof.  J.Gcikie.  LL.D.,D.C.L., 
F.R.S.,  F.G.S 


1887.  Vancibestcr 

1888.  Bath  


1889.  Newcastle- 

Tipon-Tyne 
1800.  Leeds   


W.  Pengelly,  W.  Boyd  Dawkina, 
Bev.  H.  H.  Winwooa. 

W.  Pengelly,  Rev.  H.  H.  Winwood, 
W.  Boyd  Dawkins.  G.  H.  Blortun. 

B.  Etlieridge,  J.  Geikie,  T.  McKcnny 
Haghes,  L.  0.  Miall. 

L.  C.  Miall,  Geortrc  Scott,  William 
Topley,  Henry  Woodward. 

L.G.MiaU,B.H.Tiddeiiiaii,W.Tople7. 

F.  Drew,  L.  C.  Miall,  B.  O.  SyaNS, 
R.  H.  Tiddeman. 

L.  C.  Miall,  E.  B.  Tawney,W.Topley. 

J.  Amistxong,  F.  W.  Bodlor,  W. 
Topley. 

Dr.  Le  Neve  Foster,  B.  H.  Tidde- 

maa,  W.  Topley. 
K.  T.  Hardman,  Prof.  J.  O'BdUpt 

R.  H.  Tiddeman. 
W.  Topley,  G.  Blake  Walker. 
W.  Topley,  W.  Whitaker. 
J.  E.  Clark,  W.  Keeping^  W.  Topley, 

W.  Whitaker. 
T.  W.  Shore,  W.  Topley,  B.  WeeU 

lake,  W.  Whitaker. 
R.  BeUey,  C.  £.  De  Banco,  W.  Top* 

ley.  W.  Whitaker. 
F.  Adams,  Prof.  E.  W.  Claypole,  W. 

Topley,  W.  Whitaker. 

C.  K.  De  Ranee,  J.  Home,  J.  J.  H, 
Teall,  W.  Topley. 

W.  J.  Harrison,  J.  J.  H.  Teell, 

Topley,  W.  W.  Watts. 
J.  B.  Marr,  J.  J.  H.  TeaU,  W.  Top* 

lev.  W.  W.  Watts. 
Prof.  G.  A.  Lebour,  W.  Topley, 

W.  Watts,  H.  B.  Woodward.' 
Prnf.  G.  A.  Lebour.  J.  E.  Hair,  W» 


1891.  Oaidifl  

1802.  Edinburgh 

1893.  Nottingham 

1894.  Morel  

1806.  Ipswich 

IHtin.  Liverpool... 


W.  Watts,  H.  B.  Woodward. 
Prof.  A.  H.  Green,   M.A.,  J.  K.  Bedford,  Dr.  F.  H.  Hatch,  J. 

P.R.8.,  P.Q.8.  )   B.  Marr,  W.  W.  Watts. 

Prof.  T.  Bnpert  Jonee,  PJU3., '  W.  Galloway,  J.  K.  Mair,  Clement 


F.G.S 

Prof.  C.  Lapworth,  LL.D., 

F.R.S.,  F  G.S. 
J.  J.  H.  TeaU,  M.A.,  PJL8., 

F.G.S. 

Tim  Pletoher,  MJL,  P.B.8.  ••• 
W.  Whitaker,  B.A.,  F.B.S.  ... 


T.  E.  Marr,  MJi.,F.B.S.. 
1897.  Toronto  ...|Dr.  G.  M.  Dawion,  CJLG., 

r.B.8. 


Rcid,  W.  W.  Watts. 
H.  M.  Cadell,  J.  E.  Marr,  Clement 

Reid,  W.  W.  Watts. 
J.  W.  Carr,  J.  E.  Marr,  Qemeni 

Beid,  W.  W.  Watte. 
P.  A.  Bather,  A.  Haiker,  demenft 

Reid.  W.  W.  Watts. 
F.  A.  Bather,  G.  W.  Lamplogh,  H. 

A.  Miers,  Clement  Beid. 
J.  Lomas,  Prof.  H.  A.  Miers.  C.  Beid. 
Prof.  A.  P.  Coleman.  G.  W.  Lamp* 
Ittgh,  Prof.  U.  A.  Mien. 
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Dftte  tad  FliM 


ItM.  Brifllol... 

Dover  ... 
IMOi  Badfovd 


FtatSdtnto 


SeoratarlM 


Sir  Aiohibald  Geikie.  VJEL&. 


W.  H.  HiidlMton,7JI.&        O.  W.  Lamplagli,  Prof.  H.  A.  Wert, 

H.  Pentecogt. 
J.  W.  Qr^mry^  G.  W.  Lamplugh, 
Capt  MoDakin,  Prof.  H.  A.  Miers. 
Prof.  W.  J.  SoUaa*  F JL8.  ...  H.  L.  Bowman,  Rev.   W.  Lower 

Carter,  G.  W.  Lamplugh,  H.  W. 
Men  ck  ton. 

1901.  GbMgOV      John  Home,  F.R.8   H.  L.  Howmao,  H.  W.  Monckton. 

IIOS:  BdfMt ......  (Lieut. .Geo.  C.A.  MoH«bOD,:H.  L.  Rowman.  H.  \V.  ^^fonckUm, 

I    F.R.8.  I   J.  St.  J.  Phillips,  U.  J.  bejmonr. 


BIOLOQICAL  SCI£1{C£S. 
flciiuTTBB  or  msaam,  rr.— sooloot,  botaht,  pbtbioloot,  avatomt, 

1832.  Oxford         Rev.  P.  B.  Duncan,  F.G.S.  ...  Rev.  Prof.  J.  S.  Hen«low. 

18.H3.  Cambridge'  Rev.  W.  L.  I'.  Garuona,  F.L.S.  C.  ('.  Habin-ton.  I>.  Hon, 
IftSi.  Bdinbui){h.tPruL  Graham   VV.  Varrcll,  Trof.  Burnett. 


JB35.  Dablin. 
1S36.  Brirtdl. 


1037.  LivetpooL.. 
18SB.  Kdiwrtle 


SECTION  D. — ZOOLOOT  AND  BOTANT. 

Dr.  Alliiian....„...M*.......««...  J.  Cortia,  Dr.  Litton. 

Ber.  Prof.  HmiiIow  ............  I  J.  Onrtis,  Prof.  Don,  Dr.  Riloy,  8. 

i  Rootsey. 

C.  C.  Babington,  B«v.  L.  Jenjni,  W. 

Swaiiison. 
J.  E.  Gray,  Prof.  JoOM,  B.  OwMki 

Dr.  Richardson. 
S.  Forbes,  \V.  Ick,  B.  Patterson. 


Sir  W.  Jardine,  Bart 


.••*..... 


1839.  Birmingham :  Prof.  Owen,  F.R.8  i^.  «  i..  ^ui^,  ».  4r»i.i.unuu. 

I9¥k  Olaagow  ...fSir  W.  J.  Hooker,  LL.D.  Prof.  W.  Oouper,  B.  Forbee,  B.  PM- 

'  terson. 
IMl.  Plymouth...  John  Richardson,  M.D.,  F.R.S.  J. Couch,Dr.  Lankester,  R,  Patterson. 

Hon.  and  Very  Rev.  W.  Her-  Dr.  Lankester,  R.  Patterson,  J.  A. 

bert,  LL.D.,  F.L.S.  I  Turner. 

William  Ilioiii|MOii»F.U8....  G.  J.  AUman,  Dr.  Lankeater,  B. 

I  Patterson. 

Veiy  Ber.  Uie  Dean  of  Mtm^  Vtct,  AUmao,  R.  Ooodsir,  Dr.  King, 

chc'?ter.  I    Dr.  Lankester. 

1S46.  Cambridge  Rev.  Piof.  Henalow,  F.L.S....  { Dr.  Lankester.  T.  V.  WoUaston. 

Sir  J.  BiofaazdaoD,  1I.D.,    Dr.  Lankester,  T.  V.  Wollaston,  H. 

F.R.S.  I  Wooldridge. 

H.B.Striok]aiid,MJL,FJLS.  Dr.  Lankester,  Dr.  Melville,  T.  Y. 

[  WoUaston. 


1U2.  Manchester 
IMl.  Oock.««...... 

18H.  Totlt  


1846.  Southamp- 
ton. 
mu  Ozfoxd. 


SECTION  D  (continued). — ZOOLOGr  AND  BOTANT,  INCLUDING  PHYSIOLOGY. 

For  the  Presidenta  and  Seoretaries  of  Die  Anatomical  and  Physiological  8ub« 
and  tiM  tempotai7  Seetion  B  of  Anatomy  and  Modioine,  see  p.  Iziv.] 


[For 
ifOttDiia 

1W8.  8 


,.|L.  W.  DiUwjTi,  F.B.8.. 


1849.  Birmingham  William  Spence,  F.R.S  

1860.  Edinburgh  ]  Prof.  Goodsir,  F.R,S.  L.  A:  E. 

MU  ^wioh  ...  Rev.  Prof.  Henalow,  MJL, 
1  F.R.8. 


Dr.  B.  Wilbraham  Falooner,  A.  Hen- 

frey,  Dr.  Lankester. 
Dr.  Lankester,  Dr.  Russell. 
Pruf.  J.  H.  Bennett,  M.D.,  Dr.  Lan- 

k^ter,  Dr.  Douglas  Madagan. 
Prof.  Allman,  F.  W.  JobiMton,Dr.  B, 

Lankester. 


I  At  this  Meeting  Physiology  and  Anatomy  wero  nudo  a  Mpante  OOBUaittoa 
for  Presidenta  and  Seoretariea  of  which  aee  p.  Isiv.  • 
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Date  and  PliM 


1862.  BellHt. 


1983.  Hull...  •••••• 

1854.  Liverpool... 

1865.  Glaspow  ... 
1856.  Cheltenham 

1867.  Dablin 

1868.  Leeds 

1869.  Aberdeen... 

1860.  Oxfo 

1861.  Manchester 

1862.  CambriflLre 
18<»S.  Newoastie 


1864.  Bath. 


186fi.  Birming' 
I 


W.OgUbgr 

0.  C.  Babington,  M.A.,  F.B.S. 
Prof.  Balfour,  M.D.,  F.K.S.... 
Rev.  Dr.  Flceminjr,  F.Il.S.K. 
Thomas  Roll,  F.Il.S.,  Preg.L.S. 

Prof.  W.  H.  Harrejr,  M.D., 
F.B.S. 

0.  C.  Babington,  MJL»  F.B.8. 
Sir  W.  Jaidine,  BarU,  F.a.S.£. 
Bev.  Ktof.  Heoalowi  F.L.8.... 

Prof.  C.  C.  BabingtoD,  F.B.S. 

Prof.  TTuxlcy,  F.R.S  

Piof.  Balfour,  H.D.,  F.B.S.... 

Dr.  Jolm  S.  Qiaj,  F.B.8.  ... 

T.  Tbomion,  M.D.,  F.B.S.  ... 


Dr.  Dickie,  George^  C.  HjlldinMI«  X>r« 

Edwin  Lankester. 
Robert  Harrison,  Dr.  B.  Lankeatov 

Isaac  Byerley,  Dr.  E.  Lankestet*. 
William  Kerldie,  Dr.  Iiankfst«»r. 
Dr.  J.  Abercrombie,  Prof.  Buckman, 

Dr.  141  nk  ester. 
Prof.  J.  R.  Kinalian,  Dr.  E.  rankest  er» 

Robert  Patterson,  Dr.  W.  S.  Steele. 
Henry  Denny,  Dr.  Heaton,  Dr.  S. 

Lankestcr,  Dr.  E.  Perceval  Wright. 
Prof.  Dickie,  M.D.,  Dr.£.  Lankester. 

Dr.  Ogilvy. 
W.  S.  Church,  Dr.  E.  Lankester,  P. 

L.  Sclater,  Dr.  E.  Purceval  Wright. 
Dr.  T.  Aloock,  Dr.  £.  Lankester,  Dr. 

P.  L.  Solater,  Dr.  B.  P.  Wrigbi. 
Alfred  New-ton,  Dr.  E.  P.  Wripht. 
Dr.  E.  Charlton,  A.Newton,  Rev.  H. 

B.  Tristram,  Dr.  E.  P.  Wright. 
H.  B.  Brady,  C.  E.  Broom,  H.  T. 

Stainton,  Dr.  E.  P.  Wright. 
Dr.  J.  Anthony,  Be  v.  C.  Clarke,  Ber, 

H.  B.  TristnuB,  Dr.  B.  P.  Wi^jbt, 


Bionoir  D  (eonluMMel).— BtOLOGT. 


1866.  Nottingham 

1867.  Dundee  ... 

1868.  Nonrifili  ... 

1869.  Bieter. 

1870.  Llvupool... 

1871.  Edinburgh. 

1872.  Brighton  ... 


Prof.  Huxley,  F.B.8.— 

of  PkyrivL,  Prof.  Humphry, 
F.R.S.  -  Th'p.nfAntkrepoU 
A.  R.  Will  luce.  I 

Prof.  Sbarpey,  M.D.,  Sec.  R.S. 
— Dep.  of  Zflol.  and  Bot.^ 
George  Busk,  M.D.,  F.R.S. 

Bev.  H.  X  Berkeley,  F.L.S. 
—T>ep.  of  PhytMogft  W. 
H.  Flower,  F.B.S. 

Oeofge  Bnsk,  F.R.S.,  F.L.S. 
•^J)fj).  of  Hot.  and  Ziwl.y 
C.  S|K»nce  Bate,  F.R,S. — 
Drp.  of  mkno.^  B.  B.  Tylor. 

Prof.G.  ltolleston,M.A.,M.D., 
F.R.8.,  F.L.S.  — of 
Anat.  and  Phytiol.,Vxol.}A. 
Foster,  M.D.,  F.L.S.— 
of  Ethno.,  J.  Evans,  F.R.S. 

Prof.  Allen  Thomson,  M.D.. 
lPJBLA,^Jkp»  if  Bet,  mtd 
Zool,  Prof.  Wy  vil  le  Th  omson , 
F.R.S.— i>^.  of  AtUhropoL, 
Prof.  W.  Tomer,  M.D. 

SirJ.  Lubbock,  Part, F.R.S.— 
Dep.  of  Anat.  and  PhijmoL, 
Dr.  Buidon  banderson, 
F.B.B.— 2)^.  tfAnthropolt 
Oot  A.  Lsne  Fox,  F.O.8. 


Dr.  J.  Beddard,  W.  Felkin,  BeT.  H. 

B.  Tristram,  W.  Turner,  B.  B* 
I    TyloSf  Dr.  £.  P.  WrighU 

C.  Spence  Bate,  Dr.  S.  Cobbold,  Dr. 
M.  Foster,  H.  T.  Stainton.  Rev, 
U.  B.  Tristram,  Prof.  W.  Turner. 

Dr.  T.  8.  Oobbold,  O.  W.  Firth,  Dr. 
M.  Foster,  Prof.  I^awson,  H.  T, 
Stainton,  Rev.  Dr.  H. B.  TristiaiB« 
Dr.  E.  P.  Wright. 

Dr.  T.  8.  Cobbold,  Prof.  M.  Foster, 
E.  Ray  Lankester,  lYof.  Lawsoo, 
H.  T.  Stainton,  Hot.  H.  B.  TUa- 


Dr.  T.  6.  Cobbold.  Sebastian  Evans, 
Prof.  Lawson,  Thos.  J.  Moore,  H. 
T.  Stainton,  Rev.  H.  B.  Tristram, 
C.  Staniland  Wake,  S.  Bay  Lan- 
kester. 

Dr.  T.  R.  Fraser,  Dr.  Arthur  Qamgee, 
B.  Bay  lankester,  ftof.  Latiaon, 

H.  T.  Stainton,  C.  Staniland  Wake, 
Dr.  W.  Rutherford,  Dr.  Kelbtume 
King. 

Prof.  Thi8elton-Dyer,H.  T.  Stainton, 
Prof.  Lawson,  F.  W.  Rudler.  J.  H. 
Lamprey,  Dr.  Gamgee,  £.  Ray 
Lankester,  Dr.  Tye-ftnttb. 


\  Tba  titto  of  SeoUoii  D  %vm  diMigied  to  Biology* 
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ItTS*  Bridftiid 


1915*  Bristol  


187T*  nyBonth. 


PEMddflBto 


1878.  Diddia 


1879.  Sheffield  ... 


1880. 


1881>  Toikai 


1882.  Southamp- 


1888.  BuuXhsmt 


1884.X0Blnal  . 
1888.  AbardMD. 


Fnt  AlknaD,  FJELA—JDep,  ^ 

Anat.and  PhygioLyVrof.  Ru- 
therford, M.D. — .Dep.qfAn* 
tkropol.  Dr.  Beddoe,  F.R.8. 

Prof.  Redfem,  ii.D.—Drp.  of 
Zool.  and  liflt..  Dr.  Hooker, 
C.B.,Pres.R.S.— /A;/;,  tf/yl /i- 
throp.S^T  W.R.WUde,  M.D. 

P.  L.  Sclatcr,  V.V.  'A.  Dep.qf 
Anat.  and  FhytioL,  Prof. 
Clelaod,  F.R.8.—li)9p.  oj 
>l«M.,Prof.Rolloston,F.R.S. 

A.  Ra^tsel  Wallace,  F.L.S.— 
Jjtp.  of  Zool.  and  Jiot.y 
Prof.  A.  Newton,  F.R.S.— 
Dep.  of  Anat.  and  Phyfiol., 
Dr.  J.  Q.  McKendrick. 

J.  Owyn  Jeffreys,  F.B.8. — 
Dep.  of  Anat.  and  Phijriol., 
Prof.  Macaliater. — Dep.  of 
AfUhropol,V.Qalton,¥.R.h. 

Prof.  W.  H.  Flower,  P.R.8.— 
Dfp.  of  Anthropol.,  l*rof. 
Httxley,  Sec  ILS. — Di-p. 
of  Anat.  and  Phyriol.^  R. 
McDonnell,  M.D.,  F.R.S. 

Prof.  St.  George  Mivart, 
F.B.S.— •Ifey;.  <i/'  Anthropol.t 
K.  B.  Tylor,  D.C.L.,  F.R.S. 
— Drp.  of  Anat.  and  Phy- 
rwl..  Dr.  Pye-Smith. 

A.O.  L.  CWnther,  F.  R.S.—Drp. 
of  Anat.  ^  PhynoU  F.  M 
Balfour,  F.B.S.— 2^.  of 
Antkropol,  F.  W.  Bndler. 

R.  Owen,  VAL^.—Dep.  of  An- 
throjwL,  Prof. W.H.  Flower, 
T.R.S.—Dep.  of  Anat.  and 
Phynol,  Prof.  J.  S.BQTdoil 
Sanderson,  F.R.S. 

Prof.  A.  Gamgee,  M.D..  F.R.S. 
—  Dep.  of.  ZM.  and  Bot.t 
Prof.  M.  A.  T.awson,  F.L.S. 
— Dep.  ((/  Antkrc^Lf  Prof. 
W.  Boyd  Dawkins.  F.R.S. 

Prof.  E.  Ray  Lankester,  M.A., 
F.li.i^.—Dt'p.  ofAnthropoI., 
W.  Pengelly,  F.R.S. 


Saentarits 


Prof.  Thiselton-Dyw*  Prof.  LawMn, 

R.  M'Lachlan.  Dr.  Pye-Smitli,  E. 
Bay  Lankester,  h\  W.  Radler,  J. 
H.  Lamprey. 
W.  T.  Thiselton-Dyer.R.  O.  Conning- 

liam.  Dr.  J.  J.  Charles,  Dr.  P.  H. 
Pyc-.Smitli,  J.  J.  Murphy,  F.  W. 
Rudler. 

K.  R.  Alston.  Dr.  McKendrick,  Prof. 

W.  R.  M'Nab,  Dr.  Martyn,  F.  W. 

Bndler,  Dr.  P.  H.  ]^e*8iiiitli,  Dr. 

W.  Spencer. 
E.  R.   Alston,  Hyde  Clarke,  Dj 

Knox,  Prof.  W.  K.  M'2vab,  Dr. 

MnirheMl,  Plot.  Moniioii  Wat- 


B.  B.  Aliton,  F.  Brent,  Dr.  D.  J. 

Cunnintrham,  Dr.  C.  A.  Hingston, 
Prof.  W.  R.  M'Nab,  J.  B.  Bowe, 
F.  W.  Rudler. 
Dr.  R.  J.  Harvey,  Dr.  T.  Haydcn, 
Prof.  W.  R.  M'Nab,  Prof.  J.  M. 
Puraer,  J.  B.  Bowe,  F.  W.  Budler. 


Arthur  Jaokaon,  Prof.  W.  R.  M'Kab, 
J.  B.  Bowe,  F.  W.  Bndler,  Prof. 
8ch8fer. 


G.  W.  Bloxam,  John  Frifltttojr, 
Howard  Sannden,  Adam  Sedg* 

wick. 

G.  W.  Bloxam,  W.  A.  Forbes,  Rev. 
W.  C.  Hey,  Prof.  W.  R.  M'Nab, 
W.  North,  John  Priestley,  Howard 
Sannden,  H.  B.  Spencer. 

G.  W.  Bloiam,  W.  Heape,  J.  B. 
Niaa,  Hmvaid  Saiuden,  A.  Bedg. 
trick,  T.  V.  Shore,  Jim. 


G.  W.  Bloxam,  Dr.  O.  S.  H&slaa, 
W.  Henpc.  W.  llnrs«t,  Prof.  A.  M. 
Marshall,  Howard  baundera.  Dr. 
a.  A.  Wooda. 
Prof  W.  Osier,  Howard  Saunders,  A. 

Sedgwick,  Vrof.  R.  R.  Wright. 
W.  Heape,  J.  McGregor- Robcrtsoiu 
J.    Duncan  Matthews,  UovnM 
Saunders.  H.  Marshall  Ward. 
1886.  Birmingham  iW.   Carruthers,  Pres.  L.S.,Irrot  .  T.  W.  Bridge,  W.  Heape,  Prof. 

F.B.S.,  F.0.8.  W.  Hillhousc.  W.  L.  Sdater.  Fkof . 

H.]fanhaUWaid. 


Prof.  H.  N.  Moaeley,  MJ^., 
F.B.8. 

ProL  W.  0.  H'lntosh,  M.D., 
IAjJD^p  F.ft.8.,  F.B.8JB. 
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Date  and  Flaoe 


1888.  Bath. 
1989*  Neipoastlc 


Breaidenta 


Pro  f  A  y Qwton,  UJL,  FJtS., 


Secratarioa 


Prof.  J.  8.  Buxdon  Sanderson, 


vponk'Tync    M.A.,  M  J>.,  F.B.8. 

1890.  Leeda          Prof.  A.  XUaea  Manball, 

M.D.,  D.8e.,  F.B.8. 


1892.  £dinbaxgh 
18M.KotUiigliam* 

18iNl.  Oxford*  ... 


C.  Bailey,  F.  E.  Beddard,  S.  F.  Har- 
mer,  W.  Heape,  W.  L.  Solater, 
Prof.  H.  Marshall  Ward. 
W.  T.  Thiselton-Dyar,  CILG.,  F.  E.  r.eddard,  S.  F.  Manner,  Prof. 

H.  Marshall  Ward.  W.  Qaxdill«rt 
Prof.  W.  D.  Halliburton. 
C.  Bailay,  P.  B.  Beddaid,  8.  F.  Har- 
nier,  Prof.  T.  Oliver,  Pkot  H.  Har* 
shall  Ward. 
8.  F.  Harmer,  Prof.  W.  A.  Herdman, 
8.  J.  Hickson.  F.  W.  Oliver,  H. 
Wajsrer.  H.  Marshall  Ward. 

F.  E.  Beddard.  i'rof.  W.  A.  Herdman, 
Dr.  S.  J.  HiokBon,  O.  Mnrrar.  Ptof. 
W.  N.  Parker,  H.  Wager. 

G.  Brook,  Prof.  W.  A.  Uerdman,  O. 
Morray,  W.  StlxUni^,  H.  Wager. 


1891.  Cardit!         Francis  Darwin,  M.A.,  M.B., 

FJft.8..  F.Ii.8. 


Prof.  W.  Butherford,  M.D., 
F.B.8.,  F.B.8.B* 


Bev.  Canon  H.  B.  Tristram, 'O.  C.  Bourne,  J.  B.  Farmer.  Prof. 
MX,  LL.D.,  F.B.S.  I    W.  A.  Herdman.  8.  J.  Hickson, 

I    W.  B.  Ransom,  W.  L.  Sclater. 
Prof.  I.  Bayley  Balfov,  1I.A.,  W.  W.  15enham,  Prof.  J.  B.  Farmer. 
FJLS,  I    Prof.  W.  A.  Heidman.  Prof.  S.  J. 

j    Hiciuou,  Q.  Murray,  W.  L.  Solater. 

1895.  Ipawloh  ...>Ptof.  W.  A.  Herdmao,  F.B.S-  G.  C.  Bourne.  H.  Brown,  W.  B. 

I  Iloyle,  W.  L.  Sclater. 

1896.  Liverpool...  Prof.  E.  B.  Ponlton,  1  .K.b.  ...  H.  O.  Forbes,  W.  Garstang.  W.  B. 

I  Hoyle. 

FM>f.  L.  C.  Hiall,  F.B.8.         W.  Garstang,  W.  B.  Hoyle^  Pkof. 

I    E.  £.  Prince. 

1898.  Bristol.  ....  Prof.  W.  F.B.Weldoii,F.B.8. 'Prof.  B.  Bojce,  W.  Qorttang,  Dr. 

j  j    A.  J.  Harrison,  W.  E.  Hoyle. 

1899.  Dover    Adam  Sedgwick,  F.R.S  ,  W.  Garstang,  J  Uraham  Kerr. 

1900.  Bradford      Dr.  K.  H.  Traquair,  F.R.S.  ...  I W.  Garstang,  J.  G.  Kerr,  T.  H, 

Taylor,  Swale  Vincent. 

1901.  Glasgow  ...  Prof.  J.  Cossar  Ewart,  F.R.S.  J.  G.  Kerr,  J.  Rankin,  J.  Y.Simpson. 
1^02.  Belfast  jProf.  G.  B.  Howes,  F.B.8.      Prof.  J.  G.  Kerr,  B.  Patterson,  J.  Y. 

I  Simpsoo. 


1897.  Toronto 


ANATOMICAL  AND  PHYSIOLOGICAL  SCIENCES. 

COMMITTEE  OF  SCIENCES,  ?. — ^AKITOMY  AND  PHTSIOLOGT. 

1838.  Cambridge  j  Dr.  J.  Haviland  jDr.  H.  J.  H.  Bond,  Mr.  G.  E.  PageU 

Ibii.  Kdmburgli  I  Dr.  Abercrombio   [Dr.  Roget,  Dr.  William  Thomson. 

SBonoH  ■  (until  1847).— akatoxt  abb  xiDionB. 


1835.  Dublin  

1836.  Bristol  

1837.  Liverpool... 

1838.  Newcastle 

1839.  Birmingham 
1840.Olaagow 


Dr.  J.  C.  Pritchard   

Dr.  P.  M.  Roget,  F.R.8  

Prof.  W.  Clark,  M.D  

T.  E.  Headlam,  M.D  

John  Yelloly.  M.D..  F.B.8.... 
jHBia  Watem,  ILD.   


Dr.  Harrison,  Ihr.  Hart* 

Dr.  Symonds. 

Dr.  J.  Carson,  jnn.,  James  Ixmg, 

Dr.  J.  R.  W.  Vose. 
T.  M.  Greenhow,  Dr.  J.  R.  W,  Yoae. 
Dr.  G.  O.  Rees,  F.  Ryland. 
Dr J.Biowii,Fiiof.  Oottper>Fkof.  BeUL 


*  Physiology  wns  made  a  separate  Section,  see  p.  IztiL 
'  The  title  of  Section  D  was  changed  to  i&ooiUiggr* 
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Difte  and  flaea  '  PreaidenU  Beeretaries 


SECIION  E. — PHTSIOLOOT. 

1841.  Plymouth...  P.  M.  Ropet,  M.D.,  Sec.  R.S.  J.  Butter,  J.  Fuge,  R.  8.  Sargont* 

1542.  Manch«it«r :  Edward  Holme,  M.D.,  F.L.S.  Dr.  Chaytor,  Dr.  R.  8.  Sargent. 

1543.  Cork  ••••'Sir  James  Pitcairn,  M.D  Dr.  John  Popham,  Dr.  R.  8.  Sai^gttlti 

1644.  York   J.  C.  Pritchard,  M.D  1 1.  Krichaen,  Dr.  R.  S.  Sargent. 

1SA6.  Ounbridge  .Prof.  J.  Hatilud,  M.D.  1  Dr.  B.  8.  Sargent,  Dr*  Wabatar. 

'18M.  8outhaap-  |Fkof.  Owen,  U.D.,  F.B.8.  ...CP.  Keela,  Dr.  L^fooek,  i)r.  SaK 

ton.  '  pent. 

1847.  Oxford  >  ...  Prof.  Ogle,  M.D.,  F.R.S   T.  K.  Chambers,  W.  P.  Ortocrod* 

PHYSIOLOGICAL  SUBSECTIONS  09  8ECTI0H  D. 
1850.  Edinburgh  Prof.  Bennett,  M.D.,  F.R.8.S.] 

1865.  Olaegow  ...  Ptof.  Allen  Thoawon,  F.B.8.  'Prof.  J.  H.  Corbett,  Dr.  J.  StmU.orft. 

1857.  Dublin         Prof.  R.  Harrison,  M.D   Dr.  R.  D.  Lyons,  Prof .  Badf elll» 

1858.  Leeds    Sir  U.  Brodie,  Bart.,  F.R.S.     C.  G.  Wheelhouso.  ' 

185^.  Aberdeen...  Prof.  Sharpey,  M.D.,  Sec.R.S.  Prof.  Bennett,  Prof.  Redfem. 

1860.  Oxford         Prof.O.Rol]eston,M.D.,F.Ifc8.! Dr. R.H*Donnell,  Dr.  Edward Saikh. 

1861.  Manchester  Dr.  John  Davy,  F.B.8  '  Dr.  W.  Roberts,  Dr.  Edward  Smitlu 

1862.  Cambridge  G.  £.  Paget,  M.D   G.  F.  Helm,  Dr.  Edward  Smith. 

1863.  KeweaitM  |Pft>f.  BoUeston,  H.D.,  F.R.8.!Dr.  D.  Bmbleton,  Dr.  W.  Turner. 

1864.  Bath   Dr.  Edward  Smith,  F.R.S,      J.  S.  Bartrum,  Dr.  W.  Turner. 

1865.  Birming-      Prof.  Acland,  M.D.,  LL.D.,  Dr.  A.  Fleming,  Dr.  P.  Heslop, 

ham «       i    F.R.S.  ;    Oliver  Pembleton,  Dr.  W.  Turner. 


GEOGRAPHICAL  AND  ETHNOLOGICAL  SCIENCES. 

[For  Preaidenta  and  Secretaries  fox  Geography  previouB  to  1861,  eee  Section  C, 
p.  Iviii.J 

IT8H0L00ICAL  SITBSBOIIOini  Of  StCTIOV  D. 

Dr.  J.  C.  Pritduad   f Dr.  King. 

Ftof.  H.  H.  Wilaon,  ILA.  ...  Prof.  Buckley. 

  ft.  Grant  Francis. 

\tAif.  Birmingham    Dr.  R.  O.  Latham. 

1860.SdinlM^  i Viee-Admixal  8ir  A.  Haleolm  Daniel  Wilion. 


1846u8oiiUiaiDpton 

1847.  Oxford  

1848.  Swansea  ... 


SECTION  E. — GEOGRAPHY  AND  ETHNOLOGY. 


1861.  Ipswich  ... 

1865.  Belfast.  

1853.  Hull  

1864.  LiTezpool... 

1866.  Glasgow  ... 

1866.  Cheltenham 

1867.  Doblin  

1858.  Leeds   


Sir  B.  I.  Murohison,  F.R.S., 

Fre8.BXf^.8. 
Col.  Chesney,  BJL,  D.C.L., 

F.R.S. 

R.  G.  Latham,  M.D.,  F.B.8. 


F.R.S. 

Sir  J.  Mehardsop,  1I.D., 

F.R.S. 

GoL  Sir  H.  C.  BawlinsoD, 

K.aB. 

Bar.  Dr.  J.  Henkboni  Todd, 

Prc8.R.T  A. 


R.  CuU,  Rev.  J.  W.  Donaldson,  Dr. 

Norton  Shaw. 
B.  Cull,  B.  MaoAdam,  Dr.  Norton 

Shaw. 

B.  Cull,  Bev.  H.  W.  Kemp,  Dr. 

Norton  Shaw. 

Sir  R.  I.  Muichison,  D.C.L.,  Richard  Cull,  Rev.  IT.  Higgins,  Dr. 

Ihne,  Dr.  Norton  Shaw. 
Dr.  W.  G.  Blaekie,  B.  CoU,  Dr. 

Norton  Shaw. 
B.  CoU,  F.  D.  Hartknd,  W.  H. 

Btunsey,  Dr.  Norton  6haw. 
B.  Cull,  S.  Ferguson,  Dr.  B.  B. 
Madden,  Dr.  Norton  Shaw. 
Sir  R.LMurchi4>on,G.C.bt«S.,lR.  Cull,  F.  Galton,  P.  O'Callaghan, 


F.B.6. 


Dr.  Norton  Sbaw,  T.  Wright. 


'  Sections  D  and  £  were  incorporated  under  the  name  of  '  Sccticn  D — Zoology 
snd  Boiauy,  iucliuling  Physiology '  (.Hce  p.  Ixi).    Section  £,  being  then  vacant, 
tssi^ned  in  1861  to  Geogr^iliy* 
'  Vida  oota  on  page  Ixii. 

ioo:i.  a 


cy  Google 


Ixn 


KfitOBT — 1902. 


Date  and  IlaM 


1869. 
1860. 
1881. 

I8es. 

1863. 
I86i. 

18G5. 
1866. 

1867. 

1868. 


AbeidMB...  Bear  •  Admiral    Sir   James  Richard  Cull,  Ptof.Oeddfe0,I>t.Not^ 
Cleik  Boss,  D.C.L.,  V.JLS.  ,    ton  Shavf, 

Oxford  Sir  B.  L  Hurbhison,  D.O.L.,  Capt.  Harrow^.  Dr.  J.  Hunt,  Dr.  C. 

F.Il.S.  I;empri.  ;  r,  l)r,  Xortun  Sliaw. 

liaachester  John  Crawfurd.  F.B.S.   Dr.  J.  Hunt,  J.  Kinsley,  Dr.  Nor- 

I  '    ton  Sliaw,  W.  Spotliswoode. 

Cambridge  iFxaneia  Qalton»  F.B.8.  J.W.Clarke,  Rev.  J. Qlover,  Dr. Hunt, 

'  *    Dr.  Norton  Sh;i\v.  T.  Wr!  -}it. 

Newcastle    Sir  R.  L  Marcbiaon,  K.C.B.,  C.  Carter  Blake,  Hume  Greenfield, 
'    F.B.8.  <    C.  B.  Harkham,  B.  H.  Wataon. 

Bath  Bir  n.  I.  Mmehiaoii,  K.C.B.,  H.  W.  Bates,  C.  R.  Markham,  Capt. 

'    F.R.S.  R.  y\.  Murchison,  T.  Wripht. 

Birmingham  Major-Gcneral  Sir  H.  Raw-  H.  W.  Bates,  S.  Evans,  G.  Jabct, 
linson,  M.P.,  K.C.B.,  F.R.S.     r.  K.  Markham,  Thoma->  Wrig-ht. 
Nottiagfaam  Sir  Charlea  Nioholaon,  Bart.,  H.  W.  Bates,  Rev.  K.  T.  Casing,  K. 
*     I    LL.D.  i    K.  Major,  Clementa  B.  Markhjaiu, 

I  I    D.  W.  Nash,  T.  Wrlglit. 

Dontfae  ...! Six  Samuel  Bak«r,F.B.O.B.  ^H.  W.  Bates,  Cyril  Gmlmm,  C.  R. 

I  '  Markham,  S.  J.  Mackie,R.Starrock. 

Norwich  ...iCi^)!.  O.  H.  Richards,  R.N.,  X.  Baines,  H.  W.  Bates,  Clements  B. 
1   F.B.8.  I    Markham,  T.  Wright. 


'section  e  (continwd). — oeogeaphy. 

1869.  Bieter         Sir   Bartlc   Frere,  K.C.B.,  H.  W.  Pal,  s.  ricmenUB.  Markham, 

•    LL.D.,  F.R.G.S.  .    J.  H.  Thomaa. 

1870.  Liverpool...  - Sir B.I.tfiirelii8on,Bt.,K.C.B.,  H.W.Bates,  David  Buztoti,  Albert  J. 

LL.D., D.C.L.,  F.R.S.,  F.G.S.     Mott,  aement.s  R.  Markham. 

1871.  EdiDburgh  Colonel  Yule,  C.B.,  F.B,O.S.  A.  Buchan,  A.  Keith  JohnHton,  Cle« 

I  ments  R.  Markham,  J.  U.  Thomac. 

1872.  Brighton  ...'FtandaOaltoD|F.B.S  H.  W.  Bates,  A.  Keith  Johaaton, 

Rev.  J.  Xr  wton,  J.  H.  Thomas. 

1873.  Bradford...  Sir BatherfordAlcock,K..C.B.  H.  W.  Bate:>,  A.  Keith  Johnston, 

I  :    Cleme&taB.  Markham. 

1874.  Belfiat.  .Major  Wilaoa,  B.E.,  F.B.8.,  E.  G.  RaTenatein,  E.  C.  Bye.  J.H. 

:    F.R.G.S.  Thomas. 

1875.  Bristol         Lieut.  -  General    Strachev,  H.   W.   Bates,  K.  C.  Bye,  F.  F. 

R.E..C.S.I.,F.K.S..F.R.G.*S.  Tuckett. 

1876.  Glasgow  ...  Capt.  Evans,  C.B.,  F.R.S          H.  W.  Bates,  K.  C.  Rye,  R.  O.Wood. 

1877.  Plymouth...  Adm.  SirE.  Ommanney,  C.B.  H.  W.  Bates,  F.  E.  Fox,  K.  C.  Bye. 

1878.  Dublin        Fkof.  Sir  C.  Wyville  Thom-|  John  Coles,  B.  O.  Bye. 

'    son,  LL.D.,F.R.S.,F.R  S.K. 

1879.  Sheffield  ...  ClemenU  B.  Markham,  C.B.,  U.  W.  Bates,  C.  £.  D.  Bkck,  E.  0. 

'    F.RS.,  Sec.  B.O.8.  '  Rye. 

1880.  SwaoMa  ...,Lieut.-Gen.  Sir  J.  H.  Lcfrov,  H.  W.  Bates,  B.  C.  Bye. 

C.B.,  K.C.M.G.,K.A.,F.B.S. 

1881.  York   Sir  J.  I).  Hooker,  K.C.S.I.,  J.  W.  Barry,  H.  W.  Bate?. 

I    C.B..  F.R.S. 

1882.  Soathamp-  :8ir  R.  Temple,  Bart.,  Q.C.8X,  E.  Q.  Bavenatein,  E.  C.  Bye. 

ton.        i  F.R.G.S. 
1888.  Sodthport  iLieat-Col.  H.  H.  Godwin*  John  Coles,  B.  G.  Bavenstdo,  B.  €. 

Austen,  F.R.S.  Rye. 
1884.  Montreal...  Gm.  sir  J.  H.  Lefroy.  C.B.,  Rov.Abh'Lanamme, J.S. O'Halloran, 

K.C.M.G..  F.K,S.,V.F.R.G.S. .     E.  G.  Kavcustein.  J.  F.  Torrance. 
1886.  Aberdeen...  Gen.  J.  T.  Walker,  G.B.,  B.B.,  *  J.  8.  Keltie,  J  S.  O'Halloran,  B.  G. 

LL.D.,  F.R.S.  Ravcnstein,  Itev.  G.  A.  Smith. 

1886.  Birmingham  Maj.-Gen.  Sir.  F.  J.  Uoldsmid, ;  F.  T.  S.  Houghton,  J.  S.  Keltie. 

K.C.8.I.,  C.B..  F.B.G.S.      !    B.  G.  Bavenstein. 

1887.  Mancheiter  Col.    Sir  C.  Warren,   R  E.,  Rev.  L.  C.  Ca-artelli,  J.  S  Keltie, 

I   G.C.M.G.,  F.B.S.,  F.B.Q.S.     U.  J.  Mackinder,  S.  G.  Bavenstein. 
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President* 


SeoetviM 


1801.  Oudiff  


It95w  Ipswich  ... 

1896.  LiTerpool... 

1897.  Toronto  ... 
1888.  Sriatol  


Col.  Sir  C.  W.  Wilson.  R.E.,  J.  S.  Keltic,  H.  J.  IfacUllder,  B.  O. 
K.C.B.,  F.R.8.,  F.R.G.S.      j  Ravcnstcin. 

1889.  Keweastle-  Col.    Sir    F.    de   Winton,<J.  8.  Keltie.  II,  J.  Mackinder,  R. 

upon-Tvne     K.C.M.G.,  C.B.,  F.R.G.S.     ;    Sulivan,  A.  Silva  White. 

1890.  Leeda    Lient.-Col.  Sir  R.   I^imbort  A.  Barker,  John  Colea,  J.  S.  KelUe, 

Plajrfair,  K.C.M.G.,  F.R,U.S.     A.  Silva  White. 

E.  O.  Bavenstein,  F.B.G.S.,' John  Coles,  J.  S.  Keltie,  fi.  J.  Mao- 
F.S.S.  kinder,  A.  Silva  White,  Dr.  Yeata. 

1892.  £dinbuxgh  I  Prof.  J.  Geikie.  D.C.L.,  F.E.S.. .  J.  G.  Bartholomew,  John  Coles,  J.  a 

I   1^.P.R.8oot.0.B.  Keltie,  A.  Silva  Wliite. 

IflM  fTirtHnghaTn  H.  Scebohixi,See.  B.8.,VJi.8.,:Gol.  F.  Bailev,  John  Coles,  H.  O. 
'    F.Z.S.  Forbes,  Dr.' II.  R.  Mill. 

18m.  Oxfonl          Capi.  W.J.  L.Wharton,  K.N.,  John  Coles.  W.  8.  Dalgleiah,  H.  N. 

F.R.S.  i    Dickson,  Dr.  H.  R.  MiU. 

U.    J.    Maokinder,    H.A.,  John  Coles,  II.  N.  Dickson,  Dr.  H. 

F.R.G.S.  '    B.  Mill,  W.  A.  Taylor. 

Major  L.  Darwin,  Sec.  B.G.8.  Gol.  F.  Bailev.  H.  N.  Dickson,  Dr. 

H.  R.  Mill."E.  C.  DuB.  Phillips. 
J.  Soott-Keltie,  LL.1;.  ,Col.  F.  Bailev,  Cnpt.  DeviUe,  Dr. 

H.  R.  Mill,  j.  L.  Terrell. 
CdL  6.  Barl  Ghorob,  F.B.G.8.1H.  N.  Dickson,  Dr.  H.  B.  MUl,  H.  0. 

'  Trapnell. 

Ib99.  Dover   ;Sir  John  Moiray,  F.R.S.        III.  N.  Dickson,  Dr.  H.  O.  Forbes, 

Dr.  H.  B.  Hill. 

1900.  Bndfiord...  Sir   George  8.  Bobertson,  H.  N.  Dickson,  E.  Heawood,  X.  B. 

!    K.C.S.I.  i  Wethey. 

1901.  Glasgow  ...  Dr.  H.  R.  MiU,  F.R.G.S.        ,U.  N.  Dickson,  E.  Heawood,  G. 

Sandeman,  A.  C.  Turner. 
I90S.  Belfast       bir  I.  H.  Holdicb,  ILCB.  ...  G.  (5.  Cliisliolm,  E.  Heawood,  Dr. 

;  A.  J.licrbertson,Dr.  J.  A.  Lindsay. 

STATISTICAL  SCIENCE. 

COMMITTEE  OF  SCIEJiCBS,  YI. — STATISTICS. 

1833.  Cambridge  :  Prof.  Babbage,  F.R.S  |  J.  S.  Drink  water. 

1834.  Edinburgh  I  Sir  Charles  Lemon,  Bart.  I  Dr.  deland,  G.  Hope  Maclean. 

SBonov  r. — n!iTi8Ti<». 

I88S.  DaUin ......  Ghvlea  Babbage,  P.B.S  W.  Greg,  Prof.  Longfield. 

1B3C  Bristol.       8irChas.Lemon,Bart,,F.B.8.  Bev.  J.  E.  Bromby,  a  B.  Fripp, 

James  Heywood. 

1887.  Liverpool...  Bt.  Hon.  Lord  Sandon  'W.  B.  Greg,'w.  Langton,  Dr.  W.  G. 

Taylcr. 

1838.  Ncwca'itle    Colonel  Sykcs,  F.R.S   W.  Cargill, J.  Heywood,  W.R.Wood. 

1839.  Birmingham  Henry  Hallam,  F.li.b   F.  Clarke,  R.  W.  Rawsou,  Dr.  W.  C. 

Tayler. 

1840.  Glasgow  ...jLord  8andon»  M.P.,  F.B.S.   ,C.  R.  Baird,  Ftof.  Bamaaj,  B.W. 

1  !  Rawson. 

1841.  Pl7moiit]i...iLieQt.-Col.  Sykest,  F.B.S         Bev.  Dr.  B>Tth,  Bev.  B.  Lnney,  B. 

W.  Rawson. 

1842.  Manrliewtffir  iG.  W.  Wood,  M.P.,  FX.S.  ...  Rev.  R.  Luney,  G.  W.  Ormerod,  Dr. 

I    W.  C.  Tayler. 

1843.  Cork   Sir  C.  Lemon,  Bart.,  M.P,  ...  Dr.  D.  BuUen,  Dr.  \V.  Cooke  Tayler. 

1844.  Tork   Lieut. -CoL  Siykes,  F.B.S.,  J.  Fletcher,  J.  Heywood,  Dr.  Lay- 

F.L.b.  I  cock. 

Bt.Hon.  the  Barl  Fitawilliam  J.  Fletcfaer,  Dr.  W.  Oooke  Tayler. 

O.  B.  tottn,  F.B.8  !J.  Fletcher,  F.  G.  P.  Neison,  Dr.  W 

C.  Tayler,  Rev.  T.  L.  Shapcott. 

1347.  Oxford         Travers  Twiss,  D.C.L.,  F.R.S.  Rev.  W.  H.  Cox,  J.  J.  Danson,  F.  G. 

I  P.  Neison. 

1848.  SwanasB  ... . J.  £L  Vivian,  l|*P.t  F.B.S.  ...:J.  Fletcher,  Capt.  B.  Shortrede. 

d2 


1846.  Gambridga 
1846w  Sonthamp- 
ton. 
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1849  BirmlogluuD 


Seontsite 


Bt.  Hon.  Lord  LTttelton        Dr.  Fineh,  Ftof,  Hanoodc,  P.  P.  O. 

Neison. 

1850.  Edinburgh   Very  Rev.  Dr.  John  LeciTrof.  Hancock,  J.  Fletcher,  Dr.  J. 

'    y.P.R.S.B.  I  Sterk. 

1851.  Ipswich  ...  Sir  John  P.  Boilcau,  Bnrt.  ...  J.  Fletcher,  Prof.  Hancock. 

1862.  Belfast  His  Grace  the  Archbishop  of, Prof.  Hancock,  Prof .  Ingram,  Jamea 

i    Dnblin.  |    MacAdam,  jun. 

1883.  Hull   Jame-s  Heywood,  :M.P.,P,B.8.  Edward  Cheshire,  W.  Newinarch. 

1864.  Liverpool...  Thomaa  Tooko,  F.B.S.  i£.  Cheshire,  J.  T.  Danson,  Dr.  W.H. 

I  j    Duncan,  \V.  Newmarch. 


1866.  Glasgow  ...  B.  Hoaekton  Milnes,  M.P. ... 

I 


J.  A.  Campbell,  E.  ChttMn,  W.  New- 
maidb,  Ftof •  B.  F.  WaUb, 

BionoK  F  (continued), — kcohomio  soiekcb  ahd  statistics. 

1866.  Chelt«abani<Bt.  Hon.  Lord  Stanley,  MJ*.  Rev.  c.  H.  Bromby,  E.  Cheshire,  Dr* 

{    W.  N.  Hanoock,  W.  Newmazcb»  W. 

{    M.  Tartt. 

1667.  Bnblin  Hia  Grace  tbe  Aiohblshopof  Prof.  Cairns,  Dr.  H.  D.  Hntton,  W. 

Dublin,  ^I.R.I.A,  '  Nemnarch. 

1858.  Leeds  ^Edward  Baines  •.••......[T.  B.  Baincs,  Prof.  Cairn.<«,  8.  Brown> 

Capt.  Fishbourne,  Dr.  J.  Strang. 

Ool.  Sjkes,  H.P.,  P.B.8          Prof.  Cairns,  Edmund  MaciOiy, A. 

Smith,  Dr.  John  Strang. 

1860.  Oxford  ;  Nassau  W.  Senior,  M.A. 


1869.  Abofdean... 


1861*  Maaohestor 

1862.  Cambridge 
1868.  Newcastle  . 


Edmund  Macrory,  W.  Newmarcb^ 

Prof.  J.  B.  T.  Bogfers. 
David  Chad  wick,  Prof.  R.  C.  Clrist  ie, 
B.  Macrory,  Prof.  J.  E.  T.  Rogers, 
H.  D.  Macleod,  Edmund  Macrory. 
T.  Doubletlay,   Edmund  Macroiyr 
Frederick  Purdv,  James  Potts. 

18t>4.  Bath   W.  Farr,  M.D.,  D.C.L.,  F.R.S.jE.  Macrory,  E.  T.  Payne,  F.  Purdy. 

1866. Birmingham  |  Bt.  Hon.  Lewd  Stanley,  LL.D.,  Q.  J.  D.  Goodman,  G.  J.  J6baoaUm, 


William  Kewmazdi,  F.B.8 

Edwin  Chadwick,  C.6  

William  Titc,  H.P.,  F.B.8. ... 


M.P. 


1866.  Kottingham^Piof.  J.  E.  T.  Rogers. 


E.  Macrory. 
R.  Birkin,  jun.,  Prof.  Leone  Levi,  B. 
Macroiy. 

1867.  Dnndee  .....ilL  B.  Graat-Dofl;  H.P.  I  Prof.  Leone  Levi,  B.  Ifaeioty,  A.  J. 

j  Wardon. 

1868.  >«orwich....  Samuel  Brown   'Rev.  W.  C.  Davie,  Prof.  Leone  Levi. 

1869.  Bxeter  'Bt. Hon. Sir StaffbtdH. North* |B.  Macrory,  F.  Poidy,  C.  T.  D. 

cote,  Bart.,  C.B..  3I.P,  Acland. 

1870.  Liverpool...  i  Prof.  W.  Stanley  Jevons,  M.A. :  Chas.  R.  Dudley  Baxter, £.  Macrory, 

I  {    J.  Miles  Mofls. 

1871.  Edinburgh   Rt.  Hon.  Lord  Neaves   J.  G.  Fitch,  James  Meikle. 

1872.  Bri-hton  ...  Prof.  Henry  Fawcctt,  M.P. ' J.  G.  Fitch,  Barclay  Phillips. 
187a.  Bradford  ...  iil.  Hon.  W.  K.  Forster,  M.P.  J.  G.  Fitch,  Swire  Smith. 

1874.  Belfast.  iLordO'Hagan    Prof.  Donnell,  P.P.  Fellows, Hans 

MacMordic. 

187o.  Bristol         JamesHcywood,M.A.,F.R.S.,  F.  P.  Fellows,!.  G.  P.  Hallett,  B. 

j    Pres.  8.S.  I  Macrory. 

1876.  Glasgow  ...  Sir  George  Campbell,  E.a8J.,  A.  M'NeclCaird,T.G. P.  Hallett,  Dr. 

M.P.  W.  NciLsun  Hancock,  Dr.  W.  Jack. 

1877.  Plymouth...  lU.  Hon.  the  Earl  Fortescuc  ,\V.  F.  Collier,  P.  Hallett,  J.  T.  Tim. 

1878.  Dublin         Prof.  J.  K.  Ingram,  LL.D. ... !  W.  J.  Hancock,  C.  Molloy.  J.  'J'.  Pim. 

1879.  Sheffield  ...jG.  Shaw  Lefevre,  M.P.,  Pices.  Prof .  Adamson,  B.  B.  Leader,  C. 

j    S.S.  I  MoUoy. 

1880.  Swansea  ...  G.  W.  Hastings,  M.P.  N.  A.  Humphreys,  0.  Molloy. 

1881.  York.          Rt.  Hon.  M.  B.  Gxant-Daff,;C.  MoUoy,  W.  W.  MorteU.  J.  P. 

M.A.,  F.R.8.  '  Moss. 

1882.  bouthamp-  lit.  Hon.  G.  Sclater-Loulij,  G.  Baden- Powell,  Prof.  H.  S.  Fox- 

toll.       I  M.P.,  P.B.8.  '  weU,A.Mi]n«s,0.]folloy. 
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B.H.IllglitBdgWf«bF.EjB.  {Bev.  W.  runnlneham.  Prof.  H.  S. 

,    Foxwell,  .1.  N.  Kevuos,  C.  Molloy. 
1884.  Montreal ...  Sir  Biebard  Temple,  Bart.,  Prof.  11.  S.  Foxwell,  j.  6.  McLennan, 

G.C.S  I..  C.I.E.,  }•  K  G  S.         Prof.  J.  Watson. 
188&.  Aberdeen...  Prof.  H.  Sid^lck,  LU).,  He    w.  Cunninjrham.  Prof.  H.  S. 

I    Litt.U.  1-  ox  well.  C.  McCombie,  J.  V.  Uoee. 

IIM.  Rtrmfagtiem '  J.  B.  Maitin,  M. A.,  F J.8.      P.  P.  Barliam.  Bev.  W.  ConniiMrliam 

Prof.  H.  S.  Fonvell,  J.  F.  Mo». 
1^7.  Haachester  Bobert  Qilteo.  LL.D.,V.P.8.8.  Uev.  W.  C'linningham.  F.  Y.  Edge- 

,    worth,  T.  H.  Elliott,  C.  Hughes, 
J.  E.  C.  Muoro,  G.  H.  Sargaiit. 

UaS.  Bath   fit.  Hon.    Ix)rd   Bcamwell,  Prof.  F.  Y.  Edgewortli,  T.  H.  KUiott. 

I    LL.D.,  F.R.S.  ;    H.  S.  FoxwcU,  L.  L.  F.  K.  Price. 

IM.  KewcasUe-  Prof.  F.  T.  Bdgewoitb,  M JL.  Bev.  Dr.  Canninghatm  T.  H.  Klllott, 

upon.T>De     P'.S.S.  i    F  IV  Jovona,  L.  L.  F.  R.  Price. 

UdO.  Leedi  .......  Ptof.  A.  Marshall,  ]C.A.,F.S.8.  W.  A.  Brigg.  Kev.  Dr.  Cunningham. 

i    T.  H.  Elliott,  Prof.  J.  E.  C.  Munro. 
L.  L.  F.  U.  Price. 

Ittl.  Cazdiff  Prof.  W.  Cunningbam,  DJ)^  Prof.  J.  llron-h.  E.  Cannan,  Prof. 

D.Sc..  F  .S.S.  i    E.  C.  K.  (H.uncr.  H.  U.  Smith, 

Prof.  W.  R.  Sorley. 

im.  SdiDboigh   Hon.  Sir  C.  W.  FreoMlltle.  Prof.  .T.  Bron^-h.  J.  R.  Findlav,  Prof. 

K.C.B.  I    K.  C.  K.   Ctouuer,  U.  'Higg% 

I    L.  L.  F.  B.  Price. 

1S93.  NoCtiiigliMD,  Prof.  J.  8.  Nicholeon,  D.8o.,  Prof.  E.  C.  K.  Gonncr.  H.  do  B. 

,    VSJi,  I    <'•ibbiIl^.r.  .\.  n  (ireexi,U.Hiflge, 

'  I    L.  L.  F.  K.  I'rice. 

1894.  Oxford         Prof.  C.  P.  BtftaUe,  lf.A.,.B.  Cannan,  Prof.  E.  C.  K.  Qonner, 

'    F.S.??.  ;    W.  A.  S.  Il.  wins.  H.  Higgs. 

18^3.  Iiwwich  ...  L.  L.  I'rice,  M.A.   E.  Cannan,  X'rof.  E.  C.  K.  Gonner,. 

I    H.  Higgn. 

18M.  Iiverpool...  Bt  Boo.  Ii.CoQitne7,U.P....  E.  Cannan,  Prof.  E.  C.  K.  Gonner, 

W.  A.  S.  Hewins,  II.  Wip-^s. 
18&7.  ioronto   ...  Prof.  E.  C.  K.  Gonner,  M.A.  lE.  Cannan.  H.  Higgs,  Prof.  A.  Shortt. 
1898.  Bristol...  ..  J.  Boom,  MJL,  LL.D.  E.  Cannan.  Pruf.  A.  W.  Flos,  B. 

i    Higgs,  W.  E.  Tanner. 
lSd9.  DoTer  ......  H.  Higg%  LL.B  ^A.  L.  Buwlcy,  £.  Cannan,  Prof.  A. 

*   W.  Flux,  Bev.  O.  Saaon. 
1900.  Brttdford ...  Hajor  P.  O.  Cmigte,  y.P.8.8.  A.  L.  Bowlrv.  s.  Cannan.  8.  J. 

j    Chapman,  F.  Hooper. 
1X)1.  Glasgow  ...  Sir  tt.  Giffen,  K.C.B..P.B.S.  'W.  W.  Blackie,  A.  L.  Rowley,  E. 

Cannan,  S.  J.  Chai  man, 
1909.  Belfaet   ...  £.  Cannao,        LL.D.    ...  A.  L.  Rowley,  ProT.  8.  J.  Chapman, 

1    Dr.  A.  Dulfin. 

SECTION  O.— HECHANIOAL  SCIENCE. 

1S36.  Bristol  \  Davie8Gin>ert,  D.C.L.,  F.B.8.:T.  Q.  Bnnt,  G.  T.  Clark,  W.  West. 

18:{7.  Liverpool...  Rev.  Dr.     >K:ri.s<)n    Charles  Vignole."!,  Thomas  Webster. 

1838.  Newcastle    Charles  Babbage,  F.R.S  'R. Hawthorn. r.Vitjiv.les.T.\\'»  b>trr. 

)839.  Birmingham  Prof.  Willis,  F.H.B.,and  iiobt.  W.  Carpmacl,  William  Hawkcs,  T. 

Stepheneon.  |  Webeter. 

Sir  John  Bobinaon  J.  Scott  Rnssell,  J.Thomfon,  J.  Tod, 


184a  Qlwgow 


1841.  Plymooth 
1849.  MiAoheeter 


C.  Vignolee. 
Henry  Chatfield,  Thomas  Webiter. 

J.  F.  Bateman,  J.  Scott  RaaeeU,  J, 


John  Taylor,  F.B.S  

Bev.  Prof.  Willis,  P.B.&   .   „ 

[    Thomson,  ('}  arks  Vipnoles 

1843.  Cork   Prof.  J.  Macncill,  M.li.LA.  ...i  James  Tijuui^i  ii,  liobcrt  Mallet. 

1814.  To(dc  I  John  Taylor,  F.B.8  .Ghsrles  Vignoles,  Thomas  Webstar. 

)845*  Ppiqbii^  \<i90ig9  ^Met  P.B.8,.M**...Y'BeY.  \(,  Tt  &ui8>l«7t 
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Date  and  Place 


1848.  Soatluunp- 

ton 

184T.  Oxford  

1848.  Swanraa  ... 

1849.  Birroinc^am 

1850.  Edinburgh 

1851.  Ipswich  ... 
1869.  Belfeat  


1853.  Hull  

1884*  liivetpool... 

185?).  Glasgow  ... 
1856.  Cheltenham 
18B7.  Dnblin  


Fraridents 


Bev.  Prof.  Willis,  UJi^  F.B.8. 

Rev.  Prof  .Walker,  M.A.,F.R.S. 
Re7.  Prof  .Walker,  1LA..F.I1.8. 

Robt.Steph 


William  Betta,  jtm.,  Chailea  ICanbj. 

J.  Glynn,  R.  A.  Le  Mesurier. 
B.  A.  Le  Mennrler,  W.  P.  Stmv&p 
Charles  Manbv.  W.  P.  Marshall. 


Rev.  R.  Robinson   :  Dr.  Ij«»e8,  David  Stcphemion. 

William  Cubitt,F.R.S  jJohn  Head,  Charles  Manbj. 

Jolin   Walker,  C.B.,  LL.D.,|John  F.  Bateman,  C.  B.  Hancock, 
F.R.S.  Charles  Manby,  .Tamos  Thomson. 

William  Fairbaim.  F.R.S.  J.  Oldham,  J.  Thomson,  W.  S.  Ward. 
John  Soott  Bnssell,  F.B.8.  ..J  J.6ia&thain,J.OIdhaiii,J.Thoaiaoii. 
W.  J.  M.  liankine.  F.R.S.  ...  i  L.  Hill,  W.  Ramsay,  J.  Thomson. 

George  Bcnnie,  F.B.S.  I C.  Atherton,  B.  Jonea,  H.  M.  Jeflery. 

Rt.  Hon.  the  Bart  of  Rosse,  Prof.  Downing,  W.T.Doyne,  A.  Tate, 
F.R..S.  James  Thomson,  Henry  Wright. 

1858.  Leeds    William  Fairbairn,  F.R.S.  ...  |j.  C.  Dennis,  J.  Dixon,  H.  Wright. 

Rev.  IVof.  Willi.s,  M.A.,  F.R.S.  R.  Abernethy,  P.  Le  Neve  Foster,  H. 

Wright. 

Prof .  W.  J.  MacqiiomBankine, 

LL.D.,  F.R.S. 
J.  F.  Bateman,  C.E.,  F.R.S.... 


1860.  Aberdeen... 

1860.  Oxford  

1861.  Manchester 


P.  Le  Neve  Foster,  Bev.  F.J 

Henry  Wright. 
P.  Le  Neve  Foster,  John  Bobinaon, 

H.  Wright. 

1862.  Cambridge.  '  William  Fairbaim,  F.R.8.      W.  M.  Fawcett,  P.  Le  Neve  Foster. 
ISO;;.  Newcastle.  ,  Rev.  Prof.  Willis,  M.  A.,  F.R.S.  1'.  Lc  Neve  Foster,  P.  Westmacott, 
j  J.  F.  Spencer. 

1864.  Bath  ;  J.  Hawkshaw,  F.R.S   P.  Le  Neve  Foster,  Robert  Pitt. 

8ir  W.  G.  Armstrong,  LL.D.,t  P.  Le  Neve  Foster,  Henry 


F.B.8. 


W.  P.  Marshall,  Walter  Ua^r* 


Thoma-s  Hawksley,  VJ.  last.  P.  Le  N(  ve  Foster,  J.  P.  IseUn* 

O.  Tarbotton. 


1868.  Norwioh  ... 

1869.  Exeter .. 

1870.  Liverpool... 


G.  W.  Siemens,  F.B.8.  

Cha&  B.  Vignole8,O.B.,F.B.8. 


1865.  Birmingham 

1866.  Kottin^^iam 

C.K.,  F  G.S. 

1SG7.  Dundee         Prof.W.  J.  MacquomRankine,  P.  Le  Neve  Foster,  John  P.  Smith, 

LL.D.,  F.U.S.  '    W.  W.  Urquhart. 

G.  P.  Bidder,  C.B.,  F.B.a.S.   P.  Le  Neve  Foster,  J.  F.  laelin,  C. 

Manby,  W.  Smith. 
P.  Le  Neve  Poster,  H.  Banermain. 
n.  Tlanerman,  P.  Le  Neve  Poater,  X, 
King,  J.  N.  Shoolbred. 
1871.  Edinbargh  iProf.FleeminR Jenkin,F.R.S., H. Baaerman,  A.  Leslie,  J.  P.  Smith. 

1875.  Brighton  ...|F.  J.  Bramwell,  CX  »H.  M.  Brunei,  P.  Le  Neve  Foster, 

1  ;    J.  O.  (5amb]o,  J.  N.  Shoolbred. 

1873.  Bradford  ...  W.  H.  Barlow,  F.B.S  lC.Barlow,U.liauerman.E.H.Carbatt, 

]  !   J.  C.  Hawkshaw,  J.  K.  Shoolbred. 

1874.  Belfast  'Prof  Tamos  Thomsoo, LL.D.,' A.  T.  Atchison, J. N.Shoolbred, John 

I    U.K.,  F.R.S. K.  I    Smyth,  jun. 

1876.  Bristol         W.  Froudc,  (".E.,M.A.,F.R.S.  W.  B.  Browne.  H.  M.  Brunei,  J.  O. 

I  Gamble,  J.  N.  Shoolbred. 

1876.  aiafleow  ...|C.  W.Merrifield,F.B.S  W\  Bottomlcy,  jun.,  W.  J.  Millar, 

I  •    J.  N.  Shoolbred,  J.  P.  Smith. 

1877.  Plymouth... t Edward  Woods,  C.E  'A.  T.  Atehiaoo,  Dr.  Merrifield,  J.  N. 

j  I  Shoolbred. 

1878.  Dublin  i  Edward  Easton,  C.E  |A.  T.  Atchiaon,  B.  O.  Symw,  H.  T« 

,  Wood. 

1879.  Sheffield        Robinson, Pre8.1hst Mie6h.|A. T.Atchison, BmenonBaliibrldge, 

Eng.  ,    H.  T.  Wood. 

1880.  Swansea  ...|J.  Abernethy,  F.R.S.E   A.  T.  Atchison,  H.  T.  Wood. 

1881.  York  |8ir  W.  G.  Armstrong,  C.B.,  A.  T.  Atchison,  J.  P.  Stephenaon, 

LL.D..  D.C.L.,  F.R.S.  ' 

John  Fowler,  C.B.,  F.Q.Sw  ... 


1882.  Southamp- 
ton. 

;888.  8o««lq^ . 


J,  Bnmlees,  VntJmtjOJL 


IT.  T.  Wood. 
A.  T.  Atchison,  F.  Gburton,  H.  T. 
Wood* 

A.  T.  AtchiiOB,  B.  B|gg|H.T,Woodi 
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ProL  Huxley,  Sec  ILS  
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1896.  Liverpool... 

1897.  Tomito 


W.  SpoUitwoodfi^  Pna.  B.8.... 

Prof.  Sir  Wm.  Thorascn,F.R.S. 
Prof.  H.  N.  Moseley,  F.B.B. 
Frof.  S.  8.  Ball,  F.B.S. 


Pkof .  X  O.  VeKendrtelr.  

Prof.  O.  J,  Lo.lL:e,  D.Sc  

Rev.  W.  H.  Daliingcr,  F.R.S. 

Fkof.  W.  O.  Adams,  F.B.8. ... 


John  Murray,  F.RS.B  

A.  W.  Riicker,  M.A..  F.R.S. 
Prof.  W.  Rutherford,  M.D. ... 
Prof.  H.  B.  Dixon,  F.R.S.  ... 

Col.  Sir  F.  de  Winton   

Prof.  W.  S.  Ayrton,  F.B.S. ... 

Prof.  T.  O.  Boanej,  D.8e., 

F.R.S. 
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r.R.8. 

Walter  Gaidiner,  HA.  


S.  B.  Poulton,  M.A.,  F.R.S... 
Prof.  C.  Vernon  Boys,  F.R.S. 
Fn>f.L.  C.  Miall,FX.S.,F.O.S. 

Prof.A.W.Blicker,M.A.^.B.8. 

Prof.  A.  M.  Marshall.  F.R.S. 
Prof.  J.A.Ewinp.M.A..  F.R.S 
Prof.  A.  Smithells,  B.Sc. 
Ftof.  Victor  Boiri^,  FJLS. 

J.  W.  Gregory,  D.Sc,  F.G.8. 

.  JJShlfild  Kioholson,  MA. 

Prof.  S.  r.  Thompson.  F.R.S. 
Prof.  Pcnqr  F.  FnnklMid, 

F.R.S. 

Dr.  F.Elgar,  F.B.S.  

Prof.  FUnden  Petiie,  D.C.L. 

Prof.  W.  C. 

F.R.S. 
J.Mihie,F.E.S 


Pliysical  Phenomena  connected  with 
the  Mines  of  Oomwan  and  Devoiii 

The  New  Element,  GalliUL 

Animal  Intelligence. 

DiiMociation,  or  Modem  Ideas  of 

Chemical  Action. 
Radiant  Matter. 
Degeneration. 
Primeval  Man.* 
Mental  Imagery. 

The  Bise  and  Progress  of  Paheon* 
tolo^. 

The  Electric  Disdhaige,  its  Fdnna 
and  its  Fnnotions. 

Tides. 

PelagieLifa 

Recent  Resoandies  on  the  Distanoe 

of  the  Sun. 
Galvanio  and  Animal  Electridtj. 

Dust. 
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Absorption. 
The  Great  Ooean  Basfais. 

Soap  Rubbles. 
The  Sense  of  Hearing. 
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Crust. 
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Magnetic  Induction. 
Flame. 
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Experiences    and    Prospects  of 
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The  Work  of  Pasteor  and  ita  various 

Dovelopmcnts. 
Safety  in  Ships. 
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Oaaadali  Metala. 

Earthquakes  and  Volcanoes. 
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Prof.  W.  J.  Sollas,  F.li.8.  .. 

Prof.  Charlf >s  I^ichct  

Prof.  J.  Fleming.  F.K.S  

Prof.  W.  Stroud  

Prof  W  ItnmflaT  FR.8 

F:  Darwin,  F.B.8.  

Prof.  J.  J.  Thomson,  F.U.S.... 
Prof.  W.  F.  K.  WeWon,  F.B.S. 

Fumiiuti :  theStudyof  aCoralJUkuid. 

Phosphorescence. 

La  vibration  nervonso. 

TheCentenary  of  the  Electric  Current 

Aidmal  Blec^city. 

Range  Finders. 
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The  Movements  of  Plants. 
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Inheritance. 
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1885. 
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Sal^eot  of  Diiooam 


Dundee  !  Prof.  J.Tyndall,  LL.D.,F.R.S.  Matter  and  Force. 

Norwich  ...iProf.  Huxley,  LL.D.»  F.B.S.   A  Piece  of  Chalk. 

Bzeter  ...... 'Frof.  MiUer,  H.D.,  F.B.8.  ...'The  modes  of  detecting  the  Com- 

I  position  of  the  Sun  ami  other 

i  Heavenly  Bodies  by  the  Spectrum. 

Uverpool ... <8ir John Lubbock;Bart.,F.B.8.  Savages. 

Brighton  ...  W.Spottiswoo<le.LL.D.,F.R.S.  Sunshine,  Sea,  and  &ky* 

Bradford  ...  C.  W. Siemena,  D.C.L., F.it.S.,  Fuel. 

BelflMt  I  Prof.  Odling,  F.B.8  iThe  Dlecovery  of  Oxygen. 

BristAl  I  Dr.  W.  B.  Carpenter,  F.U.S.    A  Piece  of  Limestone. 

Glasgow  ...  Commander  Cameron,  C.B....  I  A  Journey  through  Africa. 

Plymouth...  W.  H.  Preece   Telegraphy  and  the  Telephone. 

Sheffield  ... ;  W.  £.  Ayrton    Kh  cti  icity  as  a  Motive  Power. 

Swansea  ...  H.  Scebohm,  F.Z.S.    Tlie  N  rth-East  Pa<isage. 

York  'prof.    Osborne     Beynolds, i Raindrops,  liailstonee,  and  Snow* 

'    F.B.S.  flakee. 

Southamp*  ;JoluiBvaD8,D.C.L.»Trea8.B.S.' Unwritten  Hietoiy,  and  how  to 
ton .  '  read  it. 

Southp  >rt     Sir  F.  J.  Bramwell,  F.R.S.  ...  Talking  by  Electricity— Telephones. 

Montreal ...  Prof.  R.  8.  Bull,  F.11.8   Comets. 

Aberdeen  ...  H.  B.  Dixon,  M.A   The  Nature  of  Explosions. 

Birmingham  Prof.  W.  C.  Kobcrts-Austen,  The  Coluuis  of  Metals  and  tboir 
F.B.S.  Alloys. 

Manchester  Prof.  G.  Forh(  s,  F.R.S  Electric  Lighting. 

Bath   Sir  John  Lubbook,Bart.,F.R.S.  The  Customs  of  Savage  Races. 

Newcastle-  B.  Baker,  M.Inst.C.B   The  Fortli  Bridge. 

upon-Tyne 

Leeds    Prof.  J.  Perry,  D  Sc.,  F.R.S.    Spinning  Tops. 

Cardiff         Prof.  S.  P.  Tliompsou,  F.R.S.  Electricity  in  Mining. 

Edinburgh  Prof.  C.  Vernon  Boys,  P.E.8.|Bleotric  Spark  Phot<^ph8. 

Nnttinj^ham  Prof.  Vivian  B.  Lewes  'Spontaneous  Cmubustion, 

Oxford  ,  i'rof.  W.  J.  Sollas,  F.B.S.  ... ,  Geologies  and  Deluges. 

Ipswich  . . . '  Dr.  A.  H.  Fison  !  Colour. 

Liverpool...  Prof.  J.  A.  Fleiuing,  F.B.S....  The  Earth  a  Great  Magnet 
Toronto  ...  Pr.  II.  0.  Forlx  s    New  Guincji. 

Bristol         Proi.  E.  B.  I'uultou,  F.R.S.    iThe  ways  in  which  Animals  Warn 

I  their  enemies  and  Signal  to  their 

'  fricn^l^'. 

Bradford  ...  Prof.  S.  P.  Thompson,  F.R.S. . Electricity  in  the  Industries. 
Glaagow  ...  H.  J.  MfacUnder,  MA.  The  Movements  of  Men  by  Land 

I    and  Sea. 

Belfast    ...  Prof.  L.  C.  Miall,  F.R.S          Omits  and  Mosquitoc?. 
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OFFIOEBS  OF  SECTIONAL  COMMITTEiiS  PlUSSBNl?  At 

THE  BELFAST  MEETING. 

SECTION  A. —  MATHEMATICAL  AXD  PHYSICAL  SCIENCE. 

Prciident. — Prof.  John  Purser,  M.A.,  LL.D.,  M.R.I.A. 
Yice-Pr€gid«nt9.—Vroi,  A.  C.  Dixon  ;  Prof.  J.  D.  Everett,  F.R.S.  ;  Prof. 

A.  R.  Forsyth,  F.R.S.  ;  Principal  K.  H.  Grithths.  F.R.S.  ;  Dr.  Joseph 

LaruKjr,  Sec.R.S.  ;  Lord  Rajleigh,  F.R.iS.  ;  Principal  JSir  A.  W. 

Biicker,  F.R.a ;  Prof.  A.  Schuster,  F.B.S. ;  Prof.  H.  H.  Turner, 

F.R.8. 

JSteretarieB, — ^H.  S.  Oaralaw,  D.Sc. ;  A.  R.  Hinks,  M.A. ;  Alex.  Lannor, 

M.A. ;  C.  H.  Lees,  D.So.  (Aecoreier) ;  Ptof.  W.  B.  Morton,  M.A. ; 
A.  W.  Porter,  B.8c. 

SECTION  B.— CHEMISTKY. 

Prc^Ulenf. —Vrot  E.      v      ^f.D.,  F.R.S. 

Viee'Pre^idrnts.—VToi.  P.  F.  Frankland,  F.R.JS. ;  Prof.  E.  A.  Letts,  D.Sc.  5 

Prof.  W.  A.  Shenstone,  F.R.S. 
Seeretariffs. — R.  F.  Blake  ;  M.  C).  Forster,  D.Sc.  .  Prof.  G.G.  Uenderson, 

M.A,  J  Prof.  \V.  J.  Pope,  F.R.8.  (Recorder). 

SECTION  C.  — (JEOLOGV. 

y';vsKA  ?</.-_Lieut.-Gen.  C'.  A.  IMcMahon,  F.R.S. 

Yicc-Prendenf:*. — Prof,  (irenville  A.  J.  Cole  ;  Prof.  \V.  IJoyd  Dawkins, 
F.R.S.  ;  Prof.  J.  Joly,  D.Sc,  F.R.S. ;  G.  W.  Lamplugh  ;  J.  J.  H. 
Teall,  F.R.S. ;  H.  Woodward,  F.RJ5. 

Seeretariet. — ^Herbert  L.  BowmsA,  M.  A. ;  H.  W.  Monckton  {Recorder) ; 
J.  Stw  J.  Phillips ;  H.  J.  Seymour. 

8BCTIOK  D.— ZOOLOOT. 

I>retideni,'—VTot  G.  B.  Howes,  D.Sc,  LL.D.,  F.B.S. 
rM8-Pmui«nl0.— Prof.  J.  Cossar  Ewart,  F.R.S. ;  VnA,  L.  C.  Miall,  F.R.S. ; 

Prof.  W.  A.  Herdman,  F.R.S.  ;  Prof.  E.  R.  Poulton,  F.R.S. ;  R.  F. 

Sebarff,  Ph.D.,  M.R.I.A  j  Prof.  W.  F.  R.  Weldon,  F.R.S.  5  R,  H. 

Traquair,  M.D.,  F.R.S. 

^ecrefaries.—VToi.  J.  Graliani  Kerr,  31. A. ;  J.  Y.  Simpson,  D.Sc.  (Re" 
carder)  ;  Robert  Patterson,  M.R.LA. 

8ECTI0?r  E.  — GEOGUAPUY. 

PresidenL—^iv  Thomas  11.  lioldich,  K.C.R.,  K.C.I.E.,  F.R.Cr.S. 

Yice-Presidents.—V>Y.  H.  O.  Forbes;  Dr.  J.  Scott  Keltie  ;  Dr.  H.  R.  Mill } 

Prof.  J.  :^Iilne,  F.R.S. 
tSecrctarieci. — G.  (    Chisliolin,  M.A.  {lierord/ir)  ;  Edward  Heawood,  M.A. ; 
Dr.  A.  J.  Hcrbcrtbou ;  Dr.  J.  A.  Liudbay. 


kxviii  &EPOKr— 1902. 

SfiCTIOH  F.— ECOyOMIC  8C1KNCB  AND  8TATI8TI08. 

President. — E«  Oftunan,  M,A.,  LL.D. 

Ftce-Prwicfenf*.— Prof.  C.  F.  Bastuble,  M.A. ;  E.  W.  Brabrook,  C.B.  } 
Rev*  W.  Cunningham,  D.D.  :  Hon.  Sir  Charles  W.  Freraantle, 
K.C.B.  ;  Sir  Robert  Giffen,  K.C.B.,  li\E.S.  j  ProL  E.  C.  K,  Gonner, 
M.A.  ;  Prut.  W.  Graham,  M.A. 

Secretaries. — A.  L.  Bowley,  M.A.  (Hecorder)  ;  Prof.  S.  J.  Chapman,  M.A.  ; 
Adam  Duffin^  LL.D. 

SECTION  G. — JSNGINSEBING. 

PfMMbnf.— Prof.  John  Peny,  D.Sc.,  F.R.S. 

Yiea^Pretidents.—^&tnes  Bart<jn.  M.Inst. C.fi.  ;  Lieut.-dol.  R.  E.  Cromp- 
ton,  C.B.,  M.In3t.C.E.  ;  Prof.  J.  A.  IWmfr,  F.R.S.  ;  Prof.  M.  VHz- 
Gerald,  B.A. ;  Prof.  Osborne  Reynolds,  f'.R.S. ;  ProL  W.  C.  Unwin, 

r.R,s. 

Secretaries, — Mark  Barr ;  W.  A.  Price,  M.A.  {MecarcUr) ;  J.  Wylie. 

SBOnOir  H.— AHTHBOPOLOOT. 

Fregident.—A.  C.  Haddon,  M.A.,  D.Sc.,  F.R.8.,  M.R.T.A. 
Vice-PresideiUs. — W.  Crooke ;  Prof.  D.  J.  Cunningham,  M.D.,  F.B.S.  ; 

Pirof.  J.  Symingtoii,  M.D. 
'Seeretariea, — ^B.  Campbell ;  Prof.  A.  Francia  Dixon,  D.S6.  |  J.  Lb  Hyres, 

SBOnOH  I. — PBT8I0L0GT. 

Freddent.—Vrot  W.  D.  Halliburton,  M.D.,  B.8c.,  F.R.S. 

Vice-Fresidents. — Prof.  J.  G.  McKendrick,  F.R.S.  ;  Prof.  E.  Waymouth 
Beid,  F.B.S. ;  Prol  J.  Lcnrrain  Sndftli,  M.I>. ;  ProC.  W.  H.  Iliomp- 
son,  M.D. ;  Prot  R.  J.  AndeFson,  M.D. ;  Prol  F.  Ootch,  F.R.8. ; 
Prof.  P.  Redfern,  M.D.  ;  Prof.  E.  A.  Schiifer,  F.R.S.  ;  Prof.  Sher- 
rington, F.R.S.  .  Prof.  John  dekuid,  F.K.8. )  Dr.  Anthony  Trail ; 
Sir  Wm.  WhitU,  M.D. 

'Seci'etaries. — J.  Barcroft,  M.A. ;  W.  A.  Oabome^  D.Sc.  (Recorder) ;  Cecil 
Shaw,  M.D. 

SECTION  K. — liOTANV. 

President. — Prof.  J.  Reynolds  Green,  M.D.,  D.Sc,  F.R.S. 
Vice-Pn'Mdents.    Prof.  T.  Bavley  Balfour,  F.R.S.  ;  Prof.  F.  O,  Bower, 
F.R.S.  ;  Prof.  F.  W.  Oliver,  D.Sc.  ;  A.  C.  Scwuixi,  F.R.S. 

Secrelaries.—A.  G.  Tansley,  M.A, ;  Rev.  C.  H.  Waddell ;  Harold  Wager 
{Recorder) ;  R.  H.  Yapp. 

SBCnON  L.-'BDVCATIOKAL  BCUBHCIk 

iVMwfefil.— Prof.  Henry  £.  Armstrong,  LL.D.,  PLD.,  T.P.RS. 

Ff0e-/V«9M2snl».^WilIiam  Booafield ;  Ph)f.  Samuel  Dill ;  Right  Hoil 
Sir  John  E.  Gorst,  K.C.,  F.B.S. ;  Dr.  J.  H.  Gladstone,  F.R.S.  ;  Hon. 
and  Rov.  Canon  Lyttelton;  Sir  Philip  Magnna ;  RlightHon.  Horaoe 

Plunkett ;  C.  M.  Stuart. 

^Secretaries. — Prof.  11.  A.  Gregoiy  ;  W.  M.  Heller  {Recorder)  i  R.  M. 
Jones ;  Dr.  C.  W.  Kimmins  ;  Prof.  H.  L.  Withers. 
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The  Loitn  Mayokof  Bilpast. 
The  I'liiHinKNT  of  (iue«n"8  College,  B«lfa«U 
PrufcAsor  B.  lUv  Lankmsikk,  H.a1,F*RJBi. 
ProfcMor  Fktu  lUunuuv, 

KLCCT. 


VICE-PRESIOCNTS  Et£CT. 


<le  llnstitat  d«  Fnuwo^ 


The  Right  Hon.  the  Bahl  of  Okrbt,  K.0.,0.CUL 

The  Kigbt  Hon.  tlie  Kaiu.  of  r  iiAirVOSD  AXO 

Bau'ahubh,  K.T.,  LL.D.,  K.II.S. 
The  Uight  Hon.  the  Kaui.  M  kai  kk,  K.(t.,  I<L.D., 

Clnmcrllur  nf  tlie  Victoria  l'nivcr«U>'. 
The  UiKht  Hun.  the  Kaiu.  «.f  SKKiov. 
The  RiKht  Hon.  tbe  JtUHL  of  Laiuom. 
Sir  Hemu-  BOflOoi^  BJL,  thJ}^  LLJ)^  DAIfc, 


8lr  OaoRoi  A.  PnuTOTox. 

AurUD  HotKiXdoX,  Baq.,  LLJ).,  K.C., 
Chancellor  of  the  TlctorlA  UnlTewlty, 

T.  T.  L.  K,  K*q.,  Mavor  of  i<«mthport. 

E.  Mau>iiali.  liAi.i.,  Ka«i.,  K.C.,  iLl\lux  booth 

jxirt. 

CilAiu.Ks  H.  B.  Hiv^KF.TH,  Bfq. 
Chahlks  ScAiiisiiiiii  K,  Esq.,  J.P. 
Cl! Mil  !>>  WKU>>Bi.t'Ml>KLL,Bsq. 


QCNERAL  TREASURER. 

COarbt  fo8inB,II<JK,D.Sa.,PJL&«Barli]i|tOBBoiia^l4»^^ 

QKNCRAl.  SECRETARIES. 

Or.  D.  H.  Scott,  M.A.,  F.U..S.  |        Major  P.  A.  UacMauu."!,  RJ^o  ^-^t 

ASSISTANT  QENCRAL  SECRETARY. 

J.  O.  aASMV,  ILD.,  Barliagton  BMm,  Loodea,  W. 

LOCAL  S6CRETARIBS  FOR  THE  MBBTINa  AT  80UTHP0RT. 
Uaiu'U)  Bbuuuk  K,  M.A.  I  J.  EliNKi- r  jAnuA  rr. 

LOCAL  TREASURER  FOR  THE  MEETING  AT  SOUTHPORT. 

GiUBUu  B.  Ammx. 


ORDINARY  MEMBERS 
AB!I8T,  Sir  W.,  K.C.B., 
Amvivoao,  trof eaior  H.  FJLS. 
VoiiAH,  J.,  Eiq.,  hLXK  , 
VowEm  ProfcMor  V.  O.,  V.ILS. 
Callk.vdab,  Profe»»or  H.  L.,  F.K.S. 
«)UF.AK.  CaptaiTi  E.  W..  C  .U.,  1LN»  i'.B.S. 
Ci  yxiNOHAM,  Profe^w  1>.  J.,  F.BJ9» 
Dabwin,  Major  L.,  .See.  R.U.ti. 
iM;i  MAKii.i:,  Hou.  s^irO.  W^KXiA 
Um  I'  li,  Pro  cttoe  ¥.,  F.R.S. 
Uai>ik)v.  Dr.  A.  0.,  F.R.t*. 
UALLiBL  HToy,  rrofeiKir  W.  Dn  F.B.ak 
Hawulkt,  0.,  Ibq^  M.  loitCJL 


OP  THE  COUNCIL. 

H<m»,  ProfeMor  O.  B.,  F.B  8. 
Xsirra,  J.  Boorr,  LLJ>. 
Ikmwc  Sir  OLtviii,  FJiA, 
llArALnTKR.  ProfteMor  An  r.V.9. 
pKitKiN,  Profewor  W.  H.,  F.R.8. 
I'ti.i*^,  I'l  od-siior  JoHX,  F.B  a. 
PmrK.  L.  L.,  Esij..  .M.A. 
KBWAiui,  A.  C,  V.-q.,  F.R.S. 
S(tu.A8,  I'rofest  r  W.  J.,  F.R  .S. 
TlLUEH,  Professor  W.  v..  F.HA 
Wat  1 8,  ProfeMor  W.  W..  F.G.8. 
WoLn-BAsnr,  bit  Jou.v,  F.B  & 


EX-OFFICIO  MEMBERS  OF  THE  COUNCIL. 
The  Trustees,  tbe  President  and  Preaidaut  Elect,  tbe  PniUenta  of  former  years,  the  Vioe-Prcaidenta  and 
Vloe-Precddeuu  Elect,  the  OenenJ  and  Ajaiatant  Qeniml  BecreUrics  f or  the  pNMland  former  ye«rs, 
IheOancml  Tmaureii  tor  the  pteacit  and  lenBcr  J9tn,tad  the  LqoaI  TreMvrar  sad OaenlsrlM  tor 
tht  cnming  VeetlnE. 

TBU8TEE3  (PBBMAKENT). 
Tbe  Right  Hon.  Lord  AVBBintr,D.OX..  IXJ).,  F.R.H.,  F.r..S. 
Th«  Bight  Bod.  Lonl  Batlbou,  VJL,  D.C.L.,  LL.D.,  F.R.b.,  F.BXB. 
BIr  ASmOB  W.  BttCKSU,  H.A.,  D.So..  f.r..s. 

PBBBIBENTS  OP  FORMER  YEARS. 
I  SirWm.HuRirin"^  K.O.B.,Pre)!.R.fi.    Rir  John  Evane,  B.O.B.,  ]^BA 

Sir  Ar.'):!'-.;  1  i  -  ikie,  K.lt.S. 
'  Prof,  ."^ir  J.  H.  uur  ion  ^iauiier^uu, 
I     Bart.,  y.n 
Tlie  Miir  iLJLi  «  f  Salisbury,  K.O., 
F.H.S. 

Lord  Llilcr,  D.C.L.,  F.R  S. 
OBNERAL  OFFICBRS  OF  FOKMLR  YllARH. 
F.Odton,  Eiq.,  D.C.L.,  F.n.S.       l  p.  L.  Sclutcr,  Fiq..  Ph. I)..  F.R.S.  I  A.  Vernon  Haroourt.  Fi!<i.,  F.HB. 
eir    lUobael    Fo»t«r,    K.C.B^  ProL  T.  O.  Bonnaj.  DUic^  F  JLS.  Sir  A.  W.  RllckMr,  D.aen  F4La. 

|MLA.W.Wtlltni«imF.BJI.    i  PieCB.  A.eeUltar»rjUk 

AUDITORS. 

fi.  W.  toibrook,  Saq.  |        L  L.  rric»|  hmi.,  UM 


Vtr  Joaepfa  D.  Rooter,  0.0.8.L 

Lord  Kelrlu.  G.C.V.O.,  r.R.i. 
Pruf.  A.  W,  WUUamson,  F.R.8. 
I^rd  ATetury,  U.C.L.,F.R.S. 
Lord  Ituylelgh.  D.i'.L.,  P.R.S. 
Blr  H.  K.  Roscoc,  i).<   I,  ,  F.R.S. 
6ir  F.  J.  Bnmweil,  Bart.,  F.R.S. 


hlr  William  Crookes.  F.R.8. 
Sir    Mlchttol     Foster,  K.O.O., 

Sec.R.^>. 
Sir  W.  Turner,  K.O.B.,  FJLS. 
BIr  A.  W.  Bttokv,  BJBo,  FAJi^ 
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BEPOBT  OF  THE  COUNCII^ 


He^rt  of  the  Council  fur  ilke  Year  1901-1902,  presenied  to  the  General  , 
Committee  at  Belfast  on  Wedneedat/,  September  10,  1902. 

Tbib  fintpmgFftph  in  the  Beport  of  the  CSouncU  must  this  year  be  ft 
md  one.  For  many  years  the  late  Mr.Qecnge  GritHth,  Assistant  General 
Secretary,  had  been  one  of  the  most  prominent  figures  at  the  Meetings  of 
the  Association.  He  brought  to  his  work  as  Hocrftary  stores  of  wide 
learning,  unwearying  energy,  and  a  power  of  personal  attraction  which  won 
him  many  friends.  His  sudden  death  has  deprived  the  Association  of  the 
■ervioee  of  a  devoted  officer  who  will  be  long  and  sorely  missed  by  many 
who  knew  his  worth  and  can  sympathise  with  his  sorrowing  family.  At 
its  first  meeting  after  the  death  ox  Mr.  Griffith  the  Council  passed  a  rcso- 
Iption  expressing  their  sorrow  and  their  qrmpathy  with  Mrs.  Griffith  »nd 
her  children. 

The  Council  have  nominated  Dr.  J.  Ti.  G arson,  who  lias  had  great 
experience  in  the  work  of  the  Association,  for  appointment  as  Assistant 
General  Secretary  in  succession  to  Mr.  (Jritfith. 

The  Council  have  rL*c<  iv«Ml  Reports  from  the  (General  Treasurer 
daring  the  past  year,  and  his  accounts  from  July  1,  ll)Ul,  to  June  30, 
1902,  doly  audited,  are  presented  to  the  General  dommittoe. 

The  Council  heard  with  great  regret  of  the  death  of  the  Marquess  of 
Daffiwin  and  Ava,  one  of  the  Yioe-Fresidents  for  the  Belfast  meeting. 
The  Rev.  Dr.  Salmon,  who  was  also  nominated  a  yicc-Fresident*  was 
unable  to  accept  the  office,  as  he  was  not  likely  to  attend  the  meeting. 
The  Council  have  nominated  the  Duke  of  Abercom  a  Yioe-President  for 
the  Belfast  meeting. 

The  Council,  having  been  informed  by  Sir  William  Roberts- Austen 
that  he  does  not  intend  to  offer  hims'ilf  for  re-election  as  General 
Secretary  after  the  Belfast  Meeting,  desire  to  record  their  sense  of  the 
valuable  services  which  he  has  rendered  to  the  Asi>ociation.  He  has 
twiee  accompanied  Hbe  Association  to  Canadai  and  at  the  Toronto 
meeting  acted  for  the  first  time  as  General  Secretary. 

The  Council  recommend  that  Major  P.  A.  MaoMahon,  D.Se.,  F.R*S., 
be  appointed  General  Seoretary  in  succession  to  Sir  William  Roberts* 
Austen. 

The  Council  have  elected  Professor  H.  Elster  and  Professor  J.  Geitel, 
vbo  have  attended  meetings  of  the  Association,  Corresponding  Members. 

The  Council,  having  received  an  invitation  to  appoint  a  r^resentative 
to  attend  the  Jubilee  of  the  Owens  College^  Manchester,  on  March  12, 
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1902,  requested  the  President^  the  Treuurer,  and  one  of  the  (General 
Secretaries  to  attend  the  celebration  and  to  present  the  following 
Address : — 

*  British  Association  for  thb  Advancrmbnt  of  Scishcr. 

*  The  Council  of  ido  IJritisli  Association  for  tlie  Advancement  of  Science 
desire  to  otTer  tiiuir  hearty  congratulations  to  the  Owens  College,  Man- 
chester, on  ^e  Jubilee  of  the  foundation  of  that  Institatlon.  &6  work 
which  has  been  done  in  Manchester  in  the  last  half-oentnry  has  left 
a  mark,  not  only  on  that  city,  but  on  the  educational  system  of  the  entire 
kingdom.  The  Britisli  Association  gladly  unite  themselves  with  those 
who  honour  the  parent  College  of  the  V^ictoria  University,  and  cannot 
forgot  that  the  energy  and  ahiiity  of  Manchester  caused  tlie  Meeting  of 
the  Association  held  in  that  city  under  the  Presidency  of  »Sir  Henry 
Roscoe  to  be  the  largest  of  all  the  Meetings  which  the  Association  has 
held.  It  is  their  sincere  desire  that  the  success  of  the  College  may  be  as 
marked,  and  that  the  ties  which  bind  it  to  the  British  Association  maybe 
as  close  in  the  future  as  they  have  been  in  the  past 

'Arthur  W.  BCokrb, 

*Usichl90a.' 


Invitations  tat  future  meetings  will  be  presented  from  Cambridge 
and  Cape  Town. 

The  Report  of  the  Corresponding  Societies  Committee  for  the  pwb 
year,  together  with  the  list  of  the  Corresponding  Societies  and  the  titles 

of  the  more  important  papers,  especially  those  referring  to  Local  Scientific 
Investigations,  pulilisheil  hy  those  Societies  during  the  year  ending 
May  31,  1902,  has  been  received. 

The  Corresponding  Societies  Committee,  consisting  of  Mr.  W. 
AVhituker  {Chainmin),  Dr.  I'lnncis  Cakon,  Professor  Meldola,  Mr.  T.  V, 
Holmes,  Sir  J.  Evans,  Mr.  J.  liopkinson.  Dr.  II.  K.  Mill,  Mr.  Horace  T. 
Brown,  Rev.  J.  0.  Bevan,  Professor  W.  W.  Watts,  Rev.  T.  R.  R, 
Stebbing,  Mr.  C.  H.Read,  Mr.  F.  W.  Rudler,  and  Dr.  Yaughan  Cornish, 
is  hereby  nominated  for  reappointment  by  the  General  Committee. 

The  Council  nominate  Professor  W.  W.  Watts,  Chairman ;  Mr.  J.  H. 

Ml  ri\  lie,  Vic<*- Chairman  ;  and  Mr.  Edward  J.  Bles,  Secretary,  to  the 
Conference  of  Delegates  of  Corresponding  Societies  to  be  held  during  the 
Meeting  at  Belfast. 

In  accordance  with  the  regulations  the  retiring  Members  of  the 
Council  will  be : — 


8ir  Norman  Lockyer. 

Sir  W.  H.  Pree<  c. 
Profcaaor  K.  B.  Tvlor. 


Dr.  B.  Bay  Lsnkesler* 
Mr.  J.  B.  Hanr. 


The  nomination  of  Major  MacMahou  as  General  Secretary  creates 
another  vacancy. 

The  Council  recommend  the  re- election  of  the  otiier  ordinary  Members 
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of  ilie  Cooneil,  with  the  addition  of  the  gentlemen  whose  names 
 by  an  asterisk  in  the  following  list : — 

♦Howes,  Professor  G.  13.,  F.RS. 
KelUe,  J.  Scott,  Esq..  LL.D. 
Lodge,  Sir  Oliver,  F.K.S. 
If acalUter,  ProfeMior  A.,  F.K.S. 
IMlB.  PiofBflKvr  W.  F.B.8. 
Perry,  Professor  John,  F.R.& 
Price,  L.  L..  Esq.,  M.A. 
Seward,  A.  C,  Esq.,  F.RS. 
Sollas,  Professor  W.  J.,  F.R  S. 
Tilden,  Profi-f^sor  W.  A.,  F.R.S. 
*Wa«8,  Profcwor  W.  W.,  F.G^. 
Wolfe-Bany,  Sir  Jeha,  K.OJI^  F. 


•Abney,  Sir  W.,  K.C.B.,  F.B.8. 

Armatrong,  Ftofeoor  H.  EL,  F.R8. 

Bonar,  J.,  Esq  ,  LL.D. 

Bcmn,  Professor  F.  O.,  F.RS. 

Cilleodar,  Protaor  H.  L.,  F.R.S. 

Creak,  Captain  E.  W.,  C.B.,  R.N.,  F.R.S. 
•Cunnincrl'am.  Professor  D.  J.,  F.RS. 

Darvvm,  Major  L.,  Sec.  R.G.S. 

Fremantle/JTheHon.  Sir 0. W., K.C.B. 

Gotch,  Professor  F.,  F.RS. 
•Haddon,  Profettor  A.  C.  FJLS. 

HaUilrartom  Ptofe«or  W.  D.,  F.B.8. 
^HawUky,     Ssq.,  ]f.Iiist.C.JB. 
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Committees  appointed  by  the  General  Committee  at  the 
Brlfast  Meetimg  in  September  1902. 


1.  Beceiving  GrarUt  of  Money, 


Subject  ftr  IilTestigfttioii  or  Pupott 


Membexi  «f  tht  Goniaittoe 


Section  A.— MATHEMATICS  AND  PHYSICS. 


VaUng  Bzperimentfl  for  improv- 
ing the  Construction  of  Practical 
btandards  for  use  ia  Electrical 


[And  balanoe  in  hand.] 


MwioJogical  Observations. 


To  co-operate  with  the  Royal 
Meteorological  Society  in  ini- 
tiating an  Investigation  of  the 
Upper  Atmosphere  by  means 
of  Kites. 


To  co-operate  with  the  Committee 
of  the  Falmouth  Ob8er>'atory 
in  theii  Magnetio  Pbaenratiims. 


<!^lr«M»fi.— Lord  Bayleigh. 

Serrrtanj. — Dr.  Pi.  T.  Glazebrook. 

Lord  Kelvin,  Professortt  W,  £.  [ 
Ayrton,  J.  Perry,  W.  G.  Adams, 
and  G.  Carey  Foster,  Sir  Oliver 
Lodge,  Dr.  A.  Moirhead, 
Sir  W.  H.  l*roece.  Pro  fea- 
sors J.  D.  Everett  and  A.  , 
Schuster,  Dr.  J.  A.  Fleming,  1 
Professor  J.  J.  Thomson,  Mr. 
W.  N.  Shaw,  Dr.  J.  T.  Bot- 
tomley,  Rev.  T.  C.  Fitzpatrick, 
Dr.  G.  .Tohnstone  Stoney,  Pro- 
fessor S.  1'.  Thompson,  Mr.  J. 
Rennie,  Mr.  E.  H.  Griffiths, 
Sir  A.  W.  Riicker,  Professors  H. 
L.  Callcndar  and  Sir  W.  C. 
Roberta- Anaten*  and  Mr.  G. 
Mnttbej. 

Chairman. — Prof.  J.  W.  Judd. 
Scrri  tari/. — Professor  J.  Milne. 
Lurd  Kelvin,  Professor  T.  G. 
Bonney,  Mr.  C.  V.  Boys,  Pro- 
fessor G.  H.  Darwin,  Mr. 
Horace  Darwin,  Major  L.  Dar- 
wfaii  Professor  J.  A.  Vwing, 
Dr.  R.  T.  Glazebrook,  Professor 
C.  G.  Knott,  Professor  R. 
Meldola,  Mr.  R.  D.  Oldham. 
ProfosBor  J.  Perry.  Mr.  W.  E. 
Plummer,  Professor  J.  H. 
Poyutiug,  Mr.  Clement  Reid, 
Mr.  Nelson  Bicbaidson,  and 
Fiofeasor  H.  H.  Tomer. 


Chairman.— Dr.  W.  N.  Shaw. 

S*'cretart/.—^lr.  W.  11.  Dines. 
Mr.  D.  Archibald,  Mr.  V.  Ver-  j 

non  linys,  Dr,  A.  Buchan,  Dr. 

H.a  MUl,Dr.B,T.6U»efarook,  ' 

and  Dr.  A.  Schniter. 

Ch^fmmn^'s^&t  W.  H.  Preeee. 

Sccretarp.—Dr.  R.  T.  Qlaiebrook. 

Professor  W.  G.  Adams,  Captain 
Creak,  Mr.  W.  F.  Fox,  Professor 
A.  Soboeter,  and  Sir  A.  W. 
Hftcker 


Qrsnts 


35  00 


40  00 


75  0  0 


40  00 
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OOMMITTBES  APPOOrrBD  B7  THE  GENERAL  COMMITTEB.  Izxsdz 

1.  Receit'mg  Grants  of  ifcA^'y— coatinued. 


Bobject  for  Investigation  or  Purpose 


Members  of  tho  Comnattt  o 


i 


Grants 


I 


Section  B.— CHEMISTRY. 


rref^irintr  a  new  Series  of  Wave-  '  (liairman. — Sir  H.  E.  Roscoo. 
If-a^li  Tables  of  the  Spectra  j  Secretary. — Dr.  Mar^^hall  Watts, 
of  the  Btomentl.  \  Sir  J.  N.  Lockyor,  TrotV-ssors  J. 

Dewar,  G.  D.  Liveing,  A.Schus- 
ter, W.  K.  Hartley,  and  Wol- 
oott  GiblM.  and  sIr  W.  de  W. 


I 


The  Stiidj  of  Hjdro-aromatic  Sub- 


Chairman. — Profef«or  B.  Divera. 

Secretary.  —ViT.  A.  W.  Crosslcy. 
Professor  W.  H.  I'erkin.  jun.,  Dr. 
I     M.  O.  Forster,  and  Dr.  Le  bueur.  ^ 


Section  C.^EOLOGY. 


To  investigate  the  Erratic  Blocks 
of  tbe  British  Isles,  and  to  take 
for  their  preserrfttion. 


( 


To  cq;>lore  Irish  Caves. 
[Goitoetioof  to  be  placed  in  the 

Science  and  Art  MoMimi,  DuIh 

]in.j 


The  movements  of  Underground 
Weten  €<  Korth-wtat  Tork- 
diiie> 


To  sindy  Life-zones  in  the  British 
Cirboniferotui  Rocka. 


Chairman. — Mr.  J.  K.  Marr. 
Seeretarjf. — Mr.  P.  F.  Kendall. 
Professor  T.  G.  Bonnej,  Mr.  C.  B. 

Dc  Ranee, Professor  W.  J.  Sollas, 

Mr.  B.  II.  Tiddeman,  Rev.  S.  N. 

Harrison,  Mr.  J.  Home,  Mr. 

F.  M.  Burton,  Mr.  J.  Lonuis, 

Mr.  A.  R.   Dwerrvhouse,  Mr. 

J.  W.  Statber.Mr.  W.  T.  Tucker, 

and  Mr.  F.  W.  Hann«r. 

ChainHan.—l)t.  B.  F.  Scbarff. 
Sdentarif. — Mr.  B.  litojd  Praeger. 
Mr.  O.  CofTey.  Frofesaor  Grenvillc 

Cole,  Dr.  Cunningham,  Mr.  (J. 

W.  Lamplugb,  Mr.  A.  McHenry, 

and  Mr.  B.  J.  Uasber. 

6'Aairswn.— ProfeesorW.W.WattP. 
Sferetarjf, — Mr.  A.  B.  Dwerry- 

house. 

Professor  A.  Smithells,  Rev.  E. 
Jones,  Mr.  Walter  Morrison, 
Mr,  G.  Bray,  Rev.  W.  Lowt-r 
Carter,  Mr.  T.  Fairlcy,  Mr. 
P.  F.  Kendall,  and  Mr.  J.  £. 
Mair. 

Cltairman. — Mr.  J.  E.  Mary. 
Secretary. — Dr.  Wheelton  Hind. 
Mr.  F.  A.  Batlit-r,  Mr.  G.  ('.  Crick, 

Mr.  A.  H.  Foord,  Mr.  11.  Fnx, 

Professor  E.  J.  Garwood,  Dr.  G .  J. 

Hinde.  Mr.  P.  F.  Kendal).  Mr. 

B.  Kid.ston,  Mr.  G.  W.  Lam- 

Sagfa,  Professor  G.  A.  Lebour, 
r.  It.  N.  Peaob,  Mr.  ^  Strahan, 
and  Dr.  H.  Woodward. 


£ 
G 


*.  d. 
0  0 


80  0  0 


I   10  0  0 

i 


40  0  0  ] 


40   0  0 


6   0  0 
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1.  JReoeiving  Granta  of  Money — continued. 


Subjeot  fior  Inrestigatlon  or  Parp<we 


The  Collection,  Preservation,  and 
Systematic  Registration  of 
Photograplui  of  Geological  In- 
terett. 


MemlMis  of  tlM  CottmiMM 


To  report  upon  the  Fauna  aad 
Flota  of  the  Trial  of  the  Britiah 
lalea. 


rhairman. — Professor  J.  Geikic. 

Secreta  ry. — Prof  essorW.  W .  Wa  tts. 

Professor  T.  O.  Bonney,  Dr.  T.  An* 
derson.  Professors  E.  J.  Gar- 
wood and  b.  U.  Reynoldi»,  and 
Messrs.  A.  S.  Eeid,  W.  Gray, 
H.  l\.  Woodward,  R.  Kid8tx)n, 
J.  J.  H.  Teall.  J.  G.  Goodchild. 
li.  Coates,  C.  V.  Crook,  G.  Bing- 
ley,  R.  Welch,  and  A.  K.  Coo* 

nuiraswamv. 
CVuirry/M/i.— Professor  W.  A.  Herd- 
man. 

-V'  /  , ,  fary. — Mr.  J.  Thomas. 
Professor  W.  W.  Watts  and  Messrs. 

P.  F.  Kendall,  E.  T.  Newton,  A. 

C.  Seward,  and  W.  A.  E.  Usdier. 


Section  D.— ZOOLOGY. 

To  enable  Mr.  W.  Wallace  to  in-  Chairman. — Prof essorG.B.  Howes, 
vestigate  Viviparous  Fishes  and  ,  tkcrvtary. — Mr.  J.  K.  S.  Moore. 
Dr.  F.  W.  Gamble  to  study  the  Professor  B.  R^iy  Lankeeter,  Pro- 
fessor W.  F.  U.  Wcldon.  Pro- 
fessor S.  J.  Hiekson,  Mr.  A. 
Sedgwick,  and  Professor  W.  C. 
Molntosh. 


Physiology  of  the  Pigments  of 
the  Hitjher  Cru.stacea,  and  to 
aid  other  competent  investiga- 
tors to  curry  on  research  at  the 
Zoological  Station  at  Naples. 

CloDQpilation  of  an  Index  Genenun 
et  Speoiemm  Animaliam. 


CJuiirnian. — Dr.  H.  Woodward. 
Secretary.— "Sir.  F.  A.  Pathor. 
Dr.  P.  L.  .SclaUjr,  Kev.  T.  R.  B. 

Rtebbing,  Mr.  R.  McLaohlan, 

and  Mr.  W.  B.  Hoyle. 


Section  K— GEOGRAPHY. 


Tidal  Bore, 
Beaches. 


Sea    Waves,  and 


The  Geogiaphv  of  ihc  Antarctic 
Regions  in  the  Area  to  be  ex- 

plore<l  by  tho  Scottish  National 
Antarctic  Expedition. 


('hairman.^Dv.  J.  Scott  Keltie. 
Secretary. — Dr.  Vaughan  COTDiah. 
Lieut.-Col.  F.  Bailey,  Mr.  B.  A. 

Flover,  Mr.  John  Milne,  and 

ISIr.'W.  H.  Wheeler. 

Ch'iirman. — Sir  T.  H.  Holdich. 
iSlpor^tary.^Lient-Col.  F.  Bail^. 
Mr.  W.  8.  Bruce. 


Grants 


£     f.  <2. 

10  0  0 


6   0  0 


100  0  0 


100  0  0 


15  0  0 


60   0  0 


SBcnoN  F.— ECONOMIC  SCIENCE  ANB  STATISTICS. 

26  0  0 


The  Bconomic  Blleet  of  Legisla- 
tion reg^IatinK      men's  Labour 
[And  balanoe  in  hand.] 


CKairBum. — Mr.  B.  W.  Brabrook. 

Sec^rctary. — Mr.  A.  L.  Bowky. 

>!ir.<  A.  ]\T  Anderson.  Mi.ss  lUack- 
burn,  :\Ir.  C.  Booth,  Mr.  S.  J. 
Chapman,  Miss  C.  E.  Collet, 
Professor  Efltroworth,  Mrs.  J.  R. 
MacDonald,Mr.  L.  L.  Price,  Pro- 
fessor Smart,  Dr.  O.Adam  Smith, 
fwd  ]t|B.  H.  J.  Teon^nt. 
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COMMITTEES  AFPOINTSD  BY  THE  GENERAL  OOMMmiB. 


1.  JteMivinjf  iframts  qf  Jfeney— oontinaed. 


8al^«et  for  InTiitigatioo  or  FoipoM 


Membert  of  the  CommittM 


To  ooDdder  meana  by  which  better 

practii  n!  effect  can  b<-  p'iven  to  ' 
the  luiroduction  of  the  Screw 
Gauge  proposed  by  the  Associa- 
tion in  1884. 


To  in^Mtigato  the  Beaiatance  of 
Aond  Vehicles  to  Tkaction. 


Sbction  G.— ENGINEEEING. 


auiilrman.—Biit  W.  H.  Preeoe. 

Sfcrttary. — Mr.  W.  A.  Price. 

Lord  Kelvin,  Sir  F.  J.  Bratuwell, 
Sir  H.  Traeman  Wood.  Maj.- 
Gen.  Webber,  Mr.  R.  E,  Cronip- 
ton,  Mr.  A.  Stroll,  Mr.  A.  l.e 
Neve  Foster,  Mr.  C.  J.  Uewitt, 
Mr.  O.  K.  B.  Elphinstone,  Col. 
\V;itkin.  Mr  Iv  Hi^'^r,  Mr.  Vernon 
I5oy8,  Mr.  J.  Marshall  (iorham, 
Mr.  O.  1'.  ClemeDts.  Mr.  W. 
Taylor,  and  Dr.  U.  T.  Qlaie- 
brook. 

C^lbifrMM.— Sir  Alexander  Binnie. 
Secretcurjf. — Profeeaor  H.  8.  Hele- 

Shaw. 

Mr.  Aitken,  Mr.  Aveling,  Pro- 
fessor T.  Hudson  Beare,  Mr. 

W.  W.  Beaumont,  Mr.  J.  Brown, 
Col.  R.  E.  Trompton,  Mr.  A. 
Mallock,  Sir  J ).  .Salomons,  Mr.  A. 
Bennett,  Mr.  E.  Shrapnell  Smith, 
and  Sir  J.  1.  Thomycrof  t. 


Section  H.— ANTHROPOLOGY. 


To  rori'luct  ArchflBological  and 
Ethnological  Kesearches  in 
Crete. 


I 


To  ooodact  BsploiBtions  with  the 
object  of  ascertaining  the  Age  of 
Stone  Circles. 


I 


The  C<dlection,  Preservation,  and 
Systematic  Registration  of  Pho- 
tographs of  Antbiopological 
Infcoreslb 

[Balnnoe  in  band.] 


I  To  offganlae  Anfhiopometrio  In* 
vc«t  igation  in  Gfeat  Britain  and 
Irelaikd. 


£?Ae<rnum. — ^Fkof essor  J.  Gleland. 

Secretary.  -'Sir.  J.  Gray 
Professor  D.  J.  Cunningham,  Dr. 

T.  H.  Brjcc,  Dr.  A.  C.  Haddon, 

Mr.  J.  L.  Myre."^.  Profes.«or  A.  P. 

Dixon,  Mr.  E.  N.  Fallaize,  and 

Dr.  D.  Uopbum. 


Chairman. — Sir  John  Evans. 

iisecretary. — Mr.  J.  L.  Myres. 

Mr.  A.  J.  Evans,  Mr.  D.  G.  Ho- 
garth, I'rofcssnr  \  MacaUster* 
and  Professor  W.  Bidgeway. 

^Aoirmafi.— Mr.  0.  H.  Bead. 

Secretary. — Mr.  H.  Balfoor. 

Sir  John  Evans,  Dr.  J.  G.  (Jar.son,  j 
Professor  Meldola,  Mr.  A.  J.  , 
Evans,  Dr.  R.  Monro,  ]*ro-  , 
fes5or  BoytUDawkins,  and  Mr.  I 
A.  L.  Lewis. 

Chairman.— ^\x.  C.  H.  Read. 

Secretary. — Mr.  J.  L.  Myrcs. 

Dr.  J.  G.  Garson,  Mr.  H.  Ling  Roth, 
Mr.  H.  Balfour,  Dr.  A.  0.  Haddon, 
Mr.  E.  S.  Hartland,  and  Pro- 
fessor Flinders  Petrie. 


I 


Grants 


6 


9.d, 

0  0 


90  0  0 


100  0  0 


6  00 


6  00 
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BEPOBT^1902. 
1.  SeoeMHg  (hmU  ^  Money^oaaVlm^ 


Soldeot  Ibr  InTwtlgtliiiii  or  PnrpoM 

MemlMn  of  the  CcwMritto 

■ .  — ' 
Gnali 

To  investipato  the  Psycholopry  and 
Sociology  of  tho  Todas  and  other  . 
Thibes  of  Routbon  India. 

Chairman. — Professor  Ridgewar.  ■    50  0  0 
Secretary.— l>x.  W.  H.  li.  Riven.    1  ' 
Dr.  A.  G.  Haddon  and  Mr.  W.  I  1 
Ckooktt.                           J*  1 

Skctiox  I.— physiology. 
Tbe  SUte  of  Solution  of  ProteidB. 


CSbiirnm».~ProfessorW.D.HaUi- 

barton. 

Secretary. — Professor    E.  Way- 
mouth  lieiil. 
Frofettor  E.  A.  Scbftfer. 


Section  K.— BOTANY. 

To  consider  and  report  ujjon  a  [  Chairman. — Professor  L.  C.  Miall 
Bobeme  for  tbe  Registration  of    Secretary. — Professor  F.  £.  Weiss. 


NogattvaB  of  Botanioal  Photo* 
graphs. 


Investigation 
pbyoe». 


of   the  Cjano« 


Investigation  on  tbe  Respiration 
of  Plants. 


Mr.  lYanois  Darwin,  Professor 

G.  F.  Scott-Elliot,  andMr.  A.K. 
UoomtLraswumy. 

Chairman.  — >  Professor    J.  B. 

Frinnor. 

Secretary. — Dr.  F.  F.  Black  man. 
Professor  Marshall  Ward,  Mr.  W. 
Gardiner*  and  Dr.  D.  U.  Boott 

Cluiirman.  —  Professor  JIarsball 
Ward. 

St't-retary. — Mr.  H.  Wager. 
I  Mr.  Francis  Darwin  and  Professor 
I     J.  B.  Farmer. 


Section  L.— EDUCATIONAL  SCIENCR 


The  conditions  of  Health  essen* 
tial  to  the  carrying  on  of  the 
work  of  iastmction  in  schools. 


Cha  irman. — Professor  Sberringt  on. 
&0fvtory.— Mr.  E.  White  WaUis. 

Dr.  C.  W.  Kimmins,  Professor 
L.  C.  Miall,  Professor  H.  L. 
Withers,  Miss  Findlajt  Miss 
Alice  RaTenhill.  Miss  Maitland, 

Dr.  Clement  Dukes,  Dr.  Rivers, 
Mr.  J.  Kasst'll,  Dr.  Sydney  Ste- 
pliunson.  Dr.  C.  Childs,  Dr.  G. 
Bhel]ej,and  Mr.  B.  W.  Biabrook. 


CORRESPONDINQ  SOCIETIES. 

Corresponding  Sooieiiea    Oom*  ^  {firman.— Ur.  W.  Whitaker. 

rnittee  for  tho  preparation  of  j  Secretarij.    ^Ir.  F.  W.  Rudler. 
their  Report.  Dr.  Francis  (ialton,  Profossor  R. 

Mcidola,  Mr.  T.  V.  Jiolmes,  Sir 
John  BTana»  Mr.  J.  Hopkinson, 
Dr.  H.  R.  Mill,  Mr.  llomce  T. 
Brown,  Rev.  J.  O.  Bevan,  Pro- 
fessor W.  W.  Watts.  Rev.  T.  R.  R, 
Stubbing,  Mr.  C.  H.  Read,  and 
Dr.  Vanghan  Cornish. 


20  0  0 


3  0  0 


25  00 


12   0  0 


10  0  0 


20  00 
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To    establish  a   Meteorological  Ob- 
serratocy  on  HoQnt  Bojral*  Montre«L 


Co-np*>rRtir.p  with  the  Scottish  Meteoro- 
logical tiocietjr  in  makiiig  Meteoro- 
kgioiU  Obfenratioiui  on  Ben  Mevis. 


The  Bate  of  Ineneee  of  UndeiifronDd 

Temperatnre  'lownwards  in  various 
Localities  oi  Dry  Lend  and  under 
■Water. 


SBcnoK  A.— MATHEMATICS  AND  PHYiilCS. 

Budiation  from  a  Sonroe  of  Ught  In  n  !  Ckatrwwn.—VTofeamr  A.  8chti«(er. 
Magnefeio  Field.  '  Secretary. ~-^r.  W.  E.  Thrift . 

bir  Oliver  Lodge,  Trofeiisor  S.  P. 
Thonpsoii,  Dr.  Gerald  MoUot,  Dr. 
W.  E.  Adtnt&f,  nad  Mr.  B.  P.  Colfir* 
well. 

6^imA /I.— Professor  H.  L.  Callendar. 
StwrrtnTy. — Professor  C.  H.  McLeod. 
i'rotessor    F.   Adams  and  Mr.  K.  F. 
Blapart. 

Chairman. —  Lord  Mcl^irrn. 
•Spf^f ^« ry .  -  I'rof essur  Crum  Brown. 
Sir  John  Manaj»  Dr.  A.  Bludian,  and 
Professor  B.  Copland. 

CMrmmm  and  fltwwtory.— Professor  J.  D. 

Everett. 

Lord  Kelvin,  Sir  Archibald  Oeikio,  Mr. 
James  Glaisher,  Professor  Kdwari 
HuU^  Dr.  C.  lAi  Neve  Foster,  Prufessor 
A.  8.  Herschel,  Professor  0.  A.  Lcbnnr, 
Mr.  A.  B.  Wynne,  Mr.  W.  Galloway, 
Mr.  Joseph  Dickinson,  Mr.  G.  ¥. 
Deacon,  Mr.  E.  Wetl»cre<l,  Jlr.  A. 
Stralian,  Profcs>or  Micliie  Smith,  Pro- 
fesiior  H.  L.  Calieodart  and  Mr.  ii,  li. 
Brough. 

CJtaimtnn.  Dr.  G.  Johnstone  Stonsy, 
HccretMry.—Vxol&imt  H.  McLeod. 
Sir  G.  G.  Stokes,  Professor  A.  Schuster, 
Sir  H.  E.  Roscoe,  Captain  Sir  W.  de 
W.  Abney,  Dr.  C.  Chree,  Profc^isor 
H.  L.  Callendar,  Mr.  W.  E.  Wilson, 
and  Profeswr  A.  A  Bambant 

ThBl  mm  HardcasUe  be  requested  to 

draw  up  a  Report  on  the  present 
state  of  the  Theoiy  of  Point^gionps. 


Consifler'.np  tlio  best  Methrwls  of  Re- 
cording the  Direct  Latensity  of  Solar 


SBcnoM  B.«CHEMISTRY. 


The  Nature  of  Alloys. 


Chairuian  and  ikcri:tarv,^lST»  i\  H. 
NeviUe 

Mr.  C.  T.  Hqfoock  and  Mr.  E.  U. 
Gxiffitha. 


CSUIrauM<— Profbaor  W.  A  Xilden. 
fiWfvlHfift-^ftofsnor  H*  E.  Armstrong* 


liottfliio  y^hthalene  DeilTBtiTeii 

Xbe  Study  of  Isomorphous  SulpUonic    Ckuinnan,, — Professor  H.  A.  Miers. 
BnifatifM 


1  Aeretoiy.— Professor  H.  B.  Armstrong. 
1  I>r.W.R.W7niieandMr.  W.J.  Pope. 
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2.  JVM  rueivin^  Qrantt  ^iftffMy—contiiMMd. 


Saljeot  tat  Invattigation  Mr  Pnipose 


Memben  of  ttra  CSommlttee 


To  approach  the  Inland  Berenne  Com- 

misflioner}*  to  urge  the  desirability 
of  sccurinc:  the  use  of  pure  alcohol 
(hit J-  free  lor  the  purposes  of  scien- 
tific 


The  Relation  between  the  Absnrjttion 
Hpectniaud  (  lieniicalCk)nstitution  of 
OrgHuic  Substances. 

The  actioii  of  Ouea  diaad^  in  Hetals 
and  Alloys  on  their  Fkoperttes. 


To  ooobI der  and  report  on  the  posaiUlitj 

of  makinp  special  Reports  more  avail- 
able than  at  present  by  indexing  and 
by  the  wider  difitributiou  of  them. 


Sbgtior  0.^£0L0QY. 


To  report  npon  the  present  state  of 
onr  Knowledge  of  the  Stractore  of 
Giystala. 


To  consider  the  hest  Methods  fivr  the 

Registration  of  all  T3'pc  Specimens  of  ' 
FossiU  in  tlie  Rritish  Isles,  and  to  ' 
report  ou  llie  same.  | 

To  Investigate  the  Rstnarine  Deposit  at  < 

Kirminj^'ton,  Lincolnshire,  and  to  con- 
sider its  position  with  regard  to  the 
Glacial  Deposits. 


Chairmafu — Professor  N.  btoxy  Maske- 
lyne. 

*S!rcrff<af|f.— ^Professor  H.  A,  Miers. 
Mr.  L.  Fletcher,  Profes-sor  \V.  J.  Sollas, 

Mr.  W.  Uarlow,  Mr.  G.  F.  U.  bmith, 

and  the  Earl  of  Berkelej. 

OkilTNum.— Dr.  H.  Woodward. 

Secretary. — Mr.  A.  Smith  Woodward. 
Rev.  G.  F.  Whidbonie,  Mr.  K.  Kidston, 

Professor  H.  G.  Seeley,  Mr.  H.  Woods, 

and  Rev.  J.  F.  Blake. 

Chaiimum, — Mr.  G.  W.  Lamplngh. 

Srcrr'nTif     Mr.  J.  W.  Stather. 

Profc>soi  P.  F.  Kendall,  Mr.  Clement  t 
Rcid,  Mr.  F.  W.  Harmer,  and  Mr.  T.  , 
Sheppaid.  ; 


6^rsta«.^8lr  H.  S.  Rosooe.  I 

.SVt'rr^</ry.— Professor  H.  B.  Dixon.  ; 
Sir  Miciiacl  Foster.  Sir  A.  W.  Rucker, 

Dr.  T.  K.  Thorpe,  Professor  W.  H. 

Pexlein,  and  Frofeesor  W.  D.  Halli- 

hnrton. 

Cliairman  and  StertUirj/* — ^Profeeior  W. 

Noel  Hartley. 
Professor  F.  R.  Japp,  Professor  J.  J. 

Debbie,  and  Mr.  Alexander  Lander. 

CkA^an, — Sir  Wm.  C.  Roberts-Anstan. 

.WrrY//ry.  -Dr.  T.  K.  Ro.-ie. 
Mr,  W.  Tarrick  Anderson,  Professor  H.  B. 

Dixon,  Mr.  C.  T.  Heycock,  Mr.  F.  H. 

Neville,  and  Sir  W.  Ramsaj. 

Ch£tirwuim, — Profeseor  W.  A.  Shenstone. 

Sfcretary.—\)T.  M.  O.  Forstcr. 
Professor  E.  Diver.s  Prof essor  W.  J.  Popo» 
and  Dr.  A.  W.  Crossiey. 


Section  D.— ZOOLOGY, 
To  investigate  the  stmetnre,  fommtion,  j  Chaifmum.~-1S.t.  A.  Sedgwick. 


and  growth  of  the  Coral  Reefs  of  the 
Indian  Region,  with  special  observa- 
tions on  the  inter>relationsbip  of  the 
reef  organisms,  the  depths  ai  which 

they  grow,  the  food  of  corals,  effects 
of  current  sand  character  of  the  ocean 
bottom,  &:c.  Tlie  land  tioraand  fauna 
wiU  be  coUeoted,  and  it  is  intended 

that  observations  shallbe  made  on  the 
luatiners,  vVc,  of  the  nativgs  in  the 
dillerent  paru  of  the  Maldive  group. 


Secretary. — Mr.  J.  Stanley  Gardiner, 
Professor  J,  W.  .Tiidd,  >Ir  J.  J.  Lister, 
Mr.  Fi.incis  Darwiu.  Dr.  S.  F.  Uanuer, 
and  Froftesors  A.  Macalister,  W.  A. 
Herdman,  and  &  J.  Hickson. 
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2.  jS'ot  receiving  Grants  of  Money — continued. 


Subject  for  luvestigaiiou  or  Parpoae 


Members  of  the  Coiumittee 


I 


To  continue  the  investigation  of  tlie 
Zoology  of  the  Sandwich  Islands, 
with  power  to  oo-operate  with  the 
Committee  appointed  for  the  purpose 
by  the  Koyal  Society,  and  to  avail 
themselves  of  such  assistance  in  their 
inTCfltigatioiiB  as  may  be  offered  by 
the  Hawaiian  Government  or  the 
Trustees  of  the  Museum  at  Honoluhi. 
The  Committee  to  have  power  to  dis- 
pone of  specimeni  where  advinble. 

To  enable  Mr.  James  Baokin  to  investi- 
gate Compopad  Aeddiansof  the  Clyde 
area,  and  to  enable  other  competent 
naturalists  to  perform  definite  re- 
searches in  the  Laboratory  of  the 
ICaiioa  ^logical  AeBodation  of  the 
Wert  of  Soolland  at  Millport. 

To  enable  Mr.  R,  C.  Punnett  to  con- 
tiirae  his  iiiv-e.stig:itions  on  the  pelvic 
plexns  of  El.isniobranch  fishes,  and 
to  enable  other  competent  naturalists 
to  perform  definite  pieces  of  work  at 
the  Xerine  Labofstoiy,  Plymoath. 

Tb  work  out  the  details  of  the  Obser- 
vations on  the  MigratioB  of  Birds  at 
lagfathoasesandUghtBhipe,  188047. 


The  Tt'iioflic  Investigation  of  the 
Fiankton  and  Physical  Conditions  of 
the  BngUsh  Channel. 


Chairman.  —  Professor  A.  NewtOO. 

Secretary. — Dr.  David  61iarp. 

Dr.  W.  T.  Blanford,  Professor  S.  J. 

Hickson,  Dr.  P.  L.  Sclater,  Mr.  F. 

Du  Cane  Qodmao,  and  Mr.  Edgar 

A.  Smith. 


Chairman,— John  Murray. 
Secretary. — Dr.  J.  F.  Gemmfll. 

Professor  F.  O.  Bower,  Professor  Tosaar  i 
Ewart,  Professor  W.  A.  Herdman,  ! 
Profe::»sor  M.  Laurie,  Mr.  Alex.  Somep 
yille,  and  Mr.  J.  A.  Todd. 


Chairm/in  and  Secretary. — Mr.  W.  Gar- 
stan;/. 

Professor  E.  Kay  Lankester,  Professor 
Sydney  U.  Vines,  Mr.  A.  Sedgwick, 
and  Professor  W.  F.  fi.  Weldon. 


Chairman. — Professor  A.  NewtOn. 
i6brfvtory.'~Bev.  B.  P.  Knnbley. 

Mr.  John  A.  llarvie-r.rown,  Mr.  R.  M, 
Barrington,  Mr.  A.  H.  Evans,  and  Dr. 
H.  O.  Forbes. 

Chairman. — Professor  E.  Ilay  LankestCT. 
Secretary. — Mr.  Walter  Garstang. 
Professor  W.  A.  Heidinaa  and  Mr.  H.  N. 
Dickson. 


I 


Section  11.— ANTHROPOLOGY. 

\  The  present  state  of  Anthropological     Chairman. — l*rofes.sor  E.  li.  T^lor. 

Teaching  in  the  United  Kingdom  and  i  Secretary, — Mr.  J.  L.  Myres. 
,    dsewhenk  I  Professor  A.  MacaUster,  Dr.  A.  G.  Had- 

,     (loll,  Mr.  C.  H.  Read,  Mr.  H.  P.alfour, 
Mr.  F.  W.  Kudler,  Dr.  W.  l^hmro,  Pro- 
I     fcssor  Flinders  Petrie,  Mr.  H.  Ling 
I     Both,  and  Professor  D.  J.  ConniDgham. 

To  orpin i.se  an  Ethnological  Sanrcy  of  '  Chairman. — Professor  D.  P.  Penhallow. 
Canada.  I  Secretary. — Mr.  C.  Mill-Tout, 

I  Mr.  E.  W.  Hrabrook,  Dr.  A.  C.  Haddon, 
air.  E.  8.  Hartland,  Sir  J.  G.  Bourinot, 
Mr.  B.  Suite,  Mr.  David  Boyle,  Mr. 
0.  N.  Bell,  Professor  B.  B.  Tylor,  Pro- 
fessor J.  Mavor,  Mr.  A.  F*  Hunter,  and 
Dr.  W.  F  Ganoog. 
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Snbjeot  lor 


ocPwpoM 


To  co-operate  with  the  Cardiff  Natu- 
ralii^ts'  Society  in  its  Excavatioiui  on 
the  liomau  Site  at  Gelligaer. 

To  organise  a  Pigmentation  Sturey  of 
the  Bohool  ohildna  of  SooUand. 


Memben  of  the  Committee 


To  conduct  ADtbroponieUiu  Investiga- 
ttons  unoDg  the  Native  Troope  of 
the  Bgjptiaa  Army, 


To  investigBte  the  Leke  YillBge  at 

Olastonbiirv,  and  to  report  on  the 
best  method  ot  publication  of  the 
result. 

To  co-opcriite  with  thp  Sildu-stor  Exca- 
vation Fund  Committee  in  their 
explomtioos. 

To  report  on  tho  present  st;itc  of  know- 
ledge of  the  Kthnography,  Folklore, 
and  I«anguages  of  the  Peoplea  of  the 
Fadfic. 


diairmark—'PToieuor  J.  Bhjn. 

Secret (7  ri/. — Mr.  J.  L.  Myren, 

Mr.  A.  J.  Kvsau  and  Mr.  £.  W.  fixafarook. 

r/uitrwaa.— Mr.  E.  W.  BrabroolE. 

Secretary.  -Mr.  J.  Graj'. 

Dr.  A.C.  Hadflon,  Professor  A.  Macalister, 

Flofeaior  D.  J.  Cunningham,  Mr.  J.  K. 

Toeher,  and  Dr.  W.  H.  H.  Rivers. 

Chairman. — Professor  A.  Macalister. 
&0fvfary.--1lr.  0. ».  Myers. 
Sir  John  Evans  and  Fmfassor  D.  X 
Cunningham. 

^^irsMfi.— Dr.  R  Mnnio. 

iS/'tfTfeofjr.—Professor  W.  l\oyd  Dawkin*. 
Sir  John  Evans,  Mr.  Arthur  J.  Evans, 
Mr.  C.  H.  Read,  and  Mr.  A.  Balleid. 

Choirwnn.—'SlT.  A.  J.  Evans. 
Secretartf.— 'Sir.  John  L.  Mms. 
Mr.  E.  W.  Brabrook. 

( V/airiii«it.— Professor  E.  B.  TyloT. 
Secretary. — Dr.  A.  C.  Haddon. 
Mr.  H.  Balfour  and  Mr.  J.  Stanley  Gar- 
diner. 


Section  L— PHYSIOLOGY. 

The  Phynological  Effects  of  Peptone  ;  TAai r ma «.— Professor  E.  A.  Schifcr 
and  its  Precursors  when  introdacecl  ;  &^c*wfrtry.— Professor  W.  H.  Thomnaon. 
into  the  oircolatioo.  ;  Pr«ft  .s^ur  R  Bojoe  and  Pkof^ssor  OS. 

Sherrington. 


The  UicnH^emisfeiy  of  Cells. 


To  iiivesti^'ate  the  Functions  of  tlie 
Bods  and  Cones  in  the  MamWlinn 
Retina  with  reference  to  the  Visual 
Purple. 


Chairnian — Professor  B.  A.  Schifer. 

Secretanj.    Professor  A.  B.  Macalhim. 

Professor  E.  Ray  Lankester,  Professor 
W.  D.  Halliburton,  Mr.  G.  C.  Bourne, 
and  Pirof essor  J.  J.  Mackenalc. 

CVuiemaii.— Professor  J.  G.  McKeudrick. 
^Jwwtofy.— Dr.  F.  W.  Edridge  Green. 
Professors  B.  H.  Starlioff  and  A.  D. 
WaUer. 


8KCX10N  L.— EDUCATIONAL  SCIENCE. 


The  Teaching  of  Natnnl  SeieDoe  in 
Elementary  Schools. 


Chairman.— J)!.  J.  H.  Gladstone. 

Secret ary.—^roiasin  v  H.  E.  Armstrong'. 

Lord  AveboXT,  Mr.  George  Gladstone, 
Professor  W.  B.  Dunstan,  Sir  Philip 
Magnus,  Sir  H.  B.  Boscoe,  Dr.  Sit 
vanus  P.  ThompeODtMid  nofessor  A. 
Smithells. 
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SabjMl  for  lavMlifMioa  or  PavpoM 

ll«mten   the  CommltiM 

!  To  leport  upon  improTemeats  that 
1    miglit  bo  dfected  in  the  teaching  of 
Mathematics,  in  the  first  infitance  in 
the  teaching  of  Elementaxy  Mathe- 
mat!oa,uiclQponniehiBMittM  they 
think  likely  to  dieot  ndi  InpioTe- 
mitntf 

lb  oooolder  and  report  npon  the  i&fln- 
ence  exercised  by  Universities  and 
Examining  Bodies  on  secondary  school 
ouiieola,  and  also  of  the  nluxkla  on 
uilwiity  le^nlieiiMiitii. 

The  Teaching  of  Botany  in  Schools. 

Chairman.— VroUmox  A.  R.  Forsyth. 

Secretary.  —  Professor  J.  Perry. 

Sir  A.  W.  Ilucker,  Sir  0.  J.  Lo«lKe,  Major 
F.  A.  MacMahon,  Professor  W.  H.  H. 
HodaoD,  Dr.  J.  Lermor,  Prof^aion  8.  P. 
Thompson.  G.  Chi7Stai,  0.  Henrici,  A. 
Lodge,  A.  G.  Greenhill,  and  G.  M.  Min- 
chin,  Mr.  W.  D.  Eggar.  Mr.  H.  W.  E?e, 
Dr.  Gladstone,  Professor  Gibwn, 
Professor  Robert  Russell,  Mr.  R.  A. 
Gregory,  and  Professor  Love. 

Chairvian—T>r.  11.  E.  Armatrong. 

St'cretary. — Mr.  R.  A.  Gregory. 

The  Bishop  of  Hereford,  Sir  Michael 
Fbeter,  Str  P.  Magnm,  Sfr  A.  W. 
Backer,  Sir  0.  J.  Lod«;e,  Mr.  II.  W.  Eve, 
Mr.  W.  A.  Shenstone,  Mr.  Eggar, 
ProffeS!4or  Marshall  Ward,  Mr.  F.  H. 
Neville,  Mrs.  W.  N.  Shaw,  Piofeasor 
H.  L.  Withen»aiid  Dr.  C.  W.  Xinuniiui. 

Chairman. — Professor  L.  C.  Wiall. 

Secretary. — Mr.  Harold  Wager. 

Professor  J.  R.  Green,  Mr.  A.  C.  Seward, 
Professors  H.  M.  Ward,  J.  B.  Farmer, 
and  T.  JobaaoQ.  Min  LUUaa  Clarke, 
and  Dr.  0.  W.  Einunias. 

Caimnuiiicalions  ordered  to  be  j>riiiled  in  extenso. 
Cor  Present  Knowledge  of  Aromatic  Diazo-compoundH,  by  G.  T.  Morgan,  D.Sc. 
Hjdre-amiBatie  Compounds  with  Single  Nnoleiu,  by  A.  W.  Crossley,  D.So.,  Pb.D. 

BetolutionM  re/erred  to  Ute  Council  for  coimderatwtif  and  action 

if  desirable. 

That  the  Council  be  recjuested  to  impress  oiwn  His  Majesty's  Government  the 
desirability  of  appointing  an  Inspector  of  Ancient  Monuments  under  the  Ancient 
MouuBenta  Aet  in  the  pilaee  of  the  late  Llent.-Gcneial  Pitt-Riven. 

That  tbe  OonBell  be  leqaeeted  to  call  the  atteatkm  of  His  Majesty's  OoTerDment 

to  the  destruction  of  Ancient  Monuments,  especially  on  Dartmoor,  which  is  autho- 
rijied  under  the  terms  of  the  Ifiphway  Act,  r>  k  (>  Win.  IV..  c  r)0,  the  provisions  of 
which  are  unrepealed  by  later  Acts;  and  to  urge  the  repeal  of  tLi:^  section  of 
the  Act. 

That  the  afttentSoB  of  the  Bojal  Iilih  Aoademy  he  cbawn  to  the  impogrtanoe  ct 
MpuaUqg  and  OBRjiog  oat »  Pigmentation  Survej  of  School  Children  in  Itehmd. 


f 
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Synopsis  of  Grants  of  Mo)iey  appropriated  to  Scientific  Purposes  by  the 
General  Committee  at  the  Belfast  Meeting^  September  1902.  The 
Names  of  the  Meniljers  entitled  to  caU  on  the  Chnerai  2Veaswrer 
for  the  respective  Grants  are  prefixed. 


MtUJiemoHee  and  Physics, 

£  s.  d. 

*Ravloigh,  Lord — Electrical  Standards    35  0  0 

Vndd,  Professor  J.  W. — Seismological  ObservotioiiB   40  0  0 

*Sliaw,  Dr.  W.  X. — laveBtigation  of  the  Upper  Atmoaphere 

by  iiie.ins  of  Kites    7."^  0  0 

*Preeoe^  Sir  W.  H.->Magiietic  Obiervationa  at  FalmoaUl  ...  40  0  0 

Chemistry, 

♦Rosooe.  Sir  H.  E.— Wave-length  Tables    r>  0  0 

Divers,  Dr.  £. — Study  of  Hydro-aromatio  Substancea   20  0  0 

Geology, 

♦Marr,  Mr.  J.  E, — Erratic  Blocks    10  0  0 

•Scharff,  Dr.— Exploration  of  Iriah  Caves    40  0  0 

♦Watts,  Professor  W.  W.— Underground  Waters  of  North- 
west Yorkshire    40  0  0 

*Miirr,  Mr.  J.  E. — Life-zonoi.  in  British  Curboniferous  Hocks  5  0  0 

*(ieiki<'.  Professor  J. — Geological  Photographs    10  0  0 

Herdiiiun,  l*rotestfor  W.  A. — Fauna  and  Flora  of  British 

Trias   6  0  0 


Zoology. 

•Howes,  Professor  G.  B. — Table  at  the  Zoological  Station, 

Naples    100    0  0 

^Woodward,  Dr.  H. — ^Index  Ctoneram  et  Speoierum  Ani- 

malittm   100  0  0 

Geographg, 

Keltie,  Dr.  J.  Scott— Tidal  Bore,  Sea  Waves,  and  Beaehes...  15  0  0 
Holdich,  Sir  T.  H.-'Scottish  National  Atttarotio  Expeditum  50  0  0 


"EeoMmde  Seietiee  a/nd  StatisticB, 
♦Brabrook,  S.  W. — Legislation  regulating  Women's  Labour     25  0  0 

Mngtneertng, 

•Preeco,  Sir  W.  H. — Small  Screw  Gauge   5   0  0 

♦Binnie,  Sir  A.>-Refiistanoe  of  Road  vehicles  to  Traction  ...    90  0  0 

Carried  forward  ^710   0  0 

*  Rei^pointed. 
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£       8.  d. 

BRMii^t  iorward   710   0  0 

*EYaiiS|  Sir  John— BeflearcilM  in  Crete    100  0  0 

•Read,  Mr.  C.  H.~A«e  ol  Stone  Circles   0  0  0 

•Bead,  Mr.  a  H.— Anthrapokgioal  Flioftograi^  (Balance  in 

hand)   — 

Cleland,  Professor  J. — Anthropometric  Investigation   5  0  0 

Kidgeway,  Professor — Anthropology  ol  the  Todas  and  other 

Tribei  of  Southern  India   »   00  0  0 

PhyaMogy. 

Halliburton,  Professor  W.  D. — The  State  of  Solution  of 

Protcid^i    20    0  0 

*3Iiall,  Professor  L.        Begistration  of  Botanical  Photo- 

graphs    3  0  0 

*I«Mr,  Profaesor  J.  B. — Investigationi  of  the  Cyanophjoen  25  0  0 

•Waid,  PhilBMor  MMhaU--Tlie  BespiTation  of  Planto    IS  0  0 

Educational  Science, 

*9iernngton,  Professor — Conditions  of  Health  essential  for 

School  Instraotion   10   0  0 

Corre»pondiny  Societies, 

•Whitaker,  Mr.  W.— Preparing  Beport,  (be   20  0  0 

£m  0  0 

*  Bfl^ipointsd* 


The  Annual  Meeting  in  1903. 

Tbe  Annual  Meeting  of  the  AsaooiatioQ  in  1903  will  be  held  ait 
Sonthport^  cammeneing  on  September  9. 

The  AnrniuU  Meeting  in  1904. 

Tbe  Annual  Meeting  of  the  Aasociataon  in  1904  will  be  held  at 
ORBbridge; 
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Q^neral  Stat&merU  of  Sums  which  have  been  paid  on  account  of 

QranU  for  Scientijic  Furpoaea 


1884. 

£  t.  d. 

Tide  DiscuMions    2i^^ 

1888. 

Tlda  DifOOMioni                   62  0  0 

Biitiih  Foirfl  Uh^jblogy  ...  lO'^  0  0 

1836. 

Tide  DiscuxsioDs                    163  0  0 

British  Fossil  Ichthyology  ...  105  0  0 
ThflcmoiiMtilo  ObiemiiuiMia, 

kc                                  60  0  0 

Bneriments  on  Long-oon- 

tiiMiadHeat                      17  1  0 

Rain-gauges                            ^  0 

Refraction  Experiments             15  0  0 

Lonar  Nutation                      60  0  0 

Thmnometen  »  16  6  0 

£435  0  0 


1887. 

Tide  DL<^ussioiis  ....••.«.»...••  284  1  0 

Chemical  ConstanU                  24  18  6 

Lunar  Natation                      70  0  0 

Observations  on  Waves          100  12  0 

Tides  at  Bristol                     100  0  0 

Meteorology  and  Subterra* 

nean  Tempentnra               98  8  0 

Vitrification  Experiments  ...  160  0  0 

Heart  Experiments                    8  4  6 

Baiometrio  Observations          80  0  0 

Banmiileis                       11  18  r> 

£922  12  6 


1888. 

Tide  Discussions  . . . .              29  0  0 

British  Fossil  Fishes              100  0  0 

Meteorological  Obaervatioiui 

and  Anemometer  (oonetnxo- 

tion)                                100  0  0 

Cast  Iron  (Strength  of)             60  0  0 

Animal  and  Yegetebto  Sob* 

stances  (Preservatkm of)...    19  1  10 

Railway  ConstanU                    41  12  10 

Bristol  Tides                       £0  0  0 

ChNnrtli  of  Plants                 76  0  0 

Hod  In  Rivers                          3  6  6 

Bdncation  Committee               60  0  0 

Heart  Experiments                   6  3  0 

Land  and  Sea  Level  967  8  7 

Steam-vessels                      100  0  0 

Hefeeorological  Committee  ...  31  9  6 


£»32  2  2 


1839. 

£  #.  d. 

Fossil  Ichthyology                 110  0  0 

Meteorological  OfaSSrvatolS 

at  Plymouth,  Ac                    6S  10  0 

Mechanism  of  Waves               Hi  2  0 

Bristol  Tides                        88  18  6 

Meteorology   and  Sabteita* 

nean  Temperature                21  II  0 

Vitrification  Experiments  ...     9  4  0 

Cast-iron  Experiments           103  0  7 

Railway  Constants                     28  7  0 

Land  and  Sea  Level               274  I  2 

Hteam-vessels'  Engines            100  0  4 

Stars  in  Histoire  Otteste          171  18  0 

Stars  in  Lacaille                      11  0  6 

Stars  in  RJI.S.  Catalogue  ...  166  16  0 

Animal  Secretions.........         10  10  6 

Steam  Engines  in  Oom^nll...    HO  0  0 

Atmospheric  Air   ,.    16  1  0 

Cast  and  Wrought  Iron             40  0  0 

Heat  on  Oiganio  Bodies            8  0  0 

Gases  on  Solar  Spectrum          SS  0  0 

Hourly  Meteorological  Ob- 
servations, Inverness  and 

Kingmssie                         49  7  H 

Fossil  Roptilcs                       118  2  9 

Mining  Statistics                    50  0  0 


€1896  11  0 

1840. 

Bristol  Tides                         100   0  0 

Subterranean  Temperataia  «,*    13  13  6 

Heart  ExperimenU  ....«.....••   18  19  0 

Lungs  Experiments                 8  IS  0 

Tide  Discussions                      60   0  0 

Land  and  Sea  Level                  6  11  1 

Stars  (Histoire  Celeste)           242  10  0 

StanCLaoaiUe)                     4  16  0 

Stars  (Catalogne)                 264   0  0 

Atmospheric  Air                      15  16  0 

Water  on  Iron                         10   0  0 

Heat  on  Orp^io  Bodies            7  0  0 

Meteorological  Observations  .    52  17  6 

Foreign  Scientific  Memoirs...  112    1  6 

Working  Population               100   0  0 

School  Statlstios                    50  0  0 

Forms  of  Vessels                     184   7  0 

Chemical  and  Electrical  Phe- 
nomena                              40  0  0 

Heteoiologioal  Obsertations 

at  Plymouth                        80   0  0 

Magnetical  Observations        186  13  9 


^1548  16  4 
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mi. 

€  «.  d, 

Obtenratfoiif  on  Waves  80  0  0 
Meteoiolosgr  and  Snbtaim* 

Dean  Temperature   8  8  0 

Actinometern   10  0  0 

Btftliqiiake  Shocks  ............  17  7  0 

Acrid  Poisons  ,  6  0  0 

Veins  an»i  Absorbents    3  0  0 

Mud  la  Rivera    5  0  0 

Uarine  Zoology  .................  15  12  8 

Skeleton  Maps    20  0  0 

Koootain  Barometers   6  18  6 

Stan  (Histobe  Celeste)    186  0  0 

Stars  ( Lacaille)   79  5  0 

Stars  ( Nomenclature  of} „,.,•  17  19  6 

btars  (Catalogue  of)   40  0  0 

WaUr  on  Iron    60  0  0 

Ifeteorological  ObaerratJoos 

at  Inverness    20  0  0 

Meteorological  Obserratious 

(reduction  of)    25  0  0 

Fossil  lloptiles    50  0  0 

Foreij^  Memoin    62  0  6 

Uaflway  Sections   88  1  0 

Forms  of  Vessels    198  18  0 

Heteorological  ObaWititloos 

at  PlTmouth    66  0  0 

HagnetloalObsemlioos ......  61  18  8 

Fishes  of  tlw  Old  Bed  Send- 

stone    100  0  0 

Tides  at  Leith    60  0  0 

Anemometer  at  Bdinbnigh  ..•  69  1  10 

Tabulating  Obsemuyons ......  9  B  3 

Races  of  Men   6  0  0 

Bfidiate  Animals   9  0  0 

klJ235  lyil 


1842. 

I^mamometriclnstroments..  113  11  2 

AaopHnm  Britannia               68  18  0 

rides  at  Bristol                      59   8  0 

Gases  on  Li^ht                         30  14  7 

Chronometer:^                           26  17  6 

Marine  Zoology                       15  0 

British  Fo.^mI  Mammalia......  10<)    0  0 

Statistics  of  Kdocation             20   0  0 

Uarine   Steaai-Tessels*  Bn« 

gines                                  28   0  0 

Stars  (Histoire  Celeste)             59   0  0 

Stars  (Brit.  Assoc.  Cat.  of)  ...  110  0  0 

Bailwaj  Sections  161  10  0 

British  Belemnites                   60  0  0 

Fo*i*il    Reptiles  (publication 

of  Keport)                          210   0  0 

Forms  of  Vessels                  180  0  0 

Galvanic    Bxperimsiito  OB 

Rocks                                  6   8  6 

lleteorolf^oal  Experiments 

at  Plymouth                       88  0  0 

Constant  Indicator  and  Dyna- 

mometrio  Instmmento ......   90  0  0 


Force  of  Wind  ..................  10 

Light  on  <howth  of  Seeds  •••  8 

Vital  Statistics    50 

Vegetative  Power  of  Socds  ...  8 

QaestioDS  on  Human  Uace  ...  7 


jr. 
0 
0 

0 
1 
9 


d. 
0 
0 

0 

11 

0 


£1449  17  8 


1843. 

Revision  of  the  Nomenclature 
of  Stars    8  0  0 

Reduction  of  Stars,  British 
Association  Catalogue   26   0  0 

Anomalous  Titles,  Fifth  of 

Forth    180  0  0 

Hourly  Meteorological  Obser- 
vations at  K.iDguj»sie  and 
Inverness   77  IS  8 

Meteorological  Obeomtions 
at  Plymouth    65   0  0 

Whe well's  Meteorological  Ane- 
mometer at  Plymouth   10   0  0 

Meteorological  Observations, 
Osier  's  Anemometer  at  Ply* 
mouth   80  0  0 

Reduction  of  Meteorologioal 

Observations    30   0  0 

Meteorological  Instruments 
and  OratQities   89  8  0 

Construction  of  Anemoiiiater 
at  Inverness    56  12  2 

Magnetic  Co-operation   10   8  10 

Meteorological  Recoider  for 

Kew  Observatory    50  0  0 

Action  of  Qases  on  Light......    18  16  1 

Establishment  at  Kew  Ob* 
servatory*  Wages,  Repairs, 
Furniture,  and  Sundries  ...  183   4  7 

Experiments  by  Captive  Bal- 
loons  81   8  0 

Oxidation  of  the  Balls  of 

Railways   20  0  0 

Publication  of  Report  on 
Fossil  Reptiles    40  0  0 

Coloured  Drawings  of  Bail* 
way  Sections ..................  147  18  8 

BsgistratioB  of  Barth<|iuke 
Shocks   80  0  0 

Report  on  Zoological  Nomen* 
clature   10  0  0 

Unoorerlng  Lower  Bed  Sand- 

stone  near  Manchester   4    4  6 

Vegetative  Power  of  Seeds  ...      5    3  8 

Marine  TewUcea  (Habits  of)  .    10   0  0 

Marine  Zoologjr   10   0  0 

Marine  Zoolo-y   8  14  11 

Preparation  of  Report  on  Bri- 
tish FossU  Mammalia           100  0  0 

Physiological  Operatloilt  of 

Medicinal  Agents   20   0  0 

Vital  Statistics   36   6  8 


Digitized  by  Google 


BBP01S^1902. 


Additional  Bxperimenta  on 
the  Forau  of  YMsels    70  0  0 

Additional   Experiments  on 

tho  Forms  of  Vessels    100   0  0 

Reduction  of  Experiments  on 
the  Forme  of  Venele           100  0  0 

Morin's  Instrument  and  Con- 
stant Indicator    69  14  10 

Experiments  on  the  Strength 
Of  Materials   60  0  0 

£1565  in  L' 

1844. 

Meteorological  Observations 

at  Kingussie  and  Inverness  18  0  0 
Completing  Observations  at 

Plj-mouth    as   0  0 

Magnetic  and  Metcurolugicul 
Co-operation   96  6  4 

Publication  of  the  British 
Association  Catalogue  of 
Stars    35    0  0 

Observations  on  Tides  on  the 

East  Coast  of  Scotland   ...  100   0  0 

Revision  of  the  Nomenclature 
of  Stan   184S    2  9  6 

Maintaining  the  Establish- 
ment at  Kew  Observa- 
tory  117  17  3 

Instnunents  for  Kew  Obser^ 

vatory   66    7  3 

Influence  of  Light  on  Plants     10   0  0 

babterraneous  Temperature 
in  Ireland    5  0  0 

Colonred  Drawings  <rf  Bail- 

%v;iy  Sections   16  17  • 

Invest  igation  of  Fossil  Fishes 

of  the  Lower  Tertiary  Strata  100  0  0 
Begislering   the  Shocks  of 

Earthquakes   1842    23  11  10 

Structure  of  Fossil  Shells  ...  20  0  0 
Badiata  and  Mollnsca  of  the 

^prean  and  Red  Seas  1842  100  0  0 
Geographical  Distributions  of 

Marine  Zoology  1843     0  10  0 

Marine  Zoology  of  Devon  and 

Cornwall   10   0  0 

Marine  Zoology  of  Corfu          10  0  0 

Bzperiments  on  the  Vitality 

of  Seeds   9  0  0 

E^eriments  on  the  Vitality 

of  Seeds  1843     8    7  3 

KtotJo  Anoplnra    16  0  0 

Strenjxth  of  Materials    100   0  0 

Completini,'  Experiments  on 

the  Foi-ms  of  Ships    100   0  0 

Inqoiries  into  Aspl^ada   10  0  0 

Investigations  on  the  Internal 

Constitution  of  Metals          60   0  0 

Constant  Indicator  and  Mo« 

liani  Instraaoifvt  ..,,..1648  10  0  0 

£981  12  8 


1846. 

4  d. 

PobllGation  of  the  British  As- 
sociation Catalogue  of  Stars  861  14  6 

Meteorological  Observations 
at  Inverness    30  18  11 

Magnetic  and  Meteorologieal 

Co-operation    16  16  8 

Meteorological  Instruments 
at  Edinburgh   18  11  9 

Rednetion  of  Anemometrical 

Obscnations  at  Plymouth    f6   0  0 

Electrical    Experiments  at 

Kew  Observatory   43  17  8 

Maintaining  the  Establish- 
ment at  Kew  Observatory  140  15  0 

For  Kreil's  Harometrograph   26   0  0 

Oases  from  Iron  Fnmaoes...   60  0  O 

The  Actinograph    16  0  O 

Microscopic  Stmetore  of 
Shells    20   0  0 

Exotic  Anoplnra   1848   10  0  O 

Vitality  of  Seeds   1843     2    0  7 

Vitality  of  Seeds   1844      7    0  0 

Marine  Zoology  of  Cornwall  .    10   0  0 

Physiological  Action  of  Medi- 
cines   SO  0  O 

Statistics   of    Sickness  and 

Mortality  in  York   20   0  0 

Earth4iiiake  Shocks   1848  16  14  8 

£831    9  9 


1846. 

British  Association  Catalopne 

of  Stars   1844  211  15  0 

Fossil  Fishes  of  the  London 

riay   100    0  O 

Computation  of  the  Gaussian 

Constants  for  1829    60   0  0 

Maintaining  the  Establish- 
ment at  Kew  Observatory  146  16  7 

Strength  of  Materials    60   0  0 

Researches  in  Asphyxia  ......  6  16  8 

Examination  of  Fossil  Shells  10    0  0 

Vitalilv  of  Seeds   1844  2  15  10 

Vitality  of  Seeda   1846  7  12  8 

Marine  Zoology  of  Cbornwi^  10  0  0 

Marine  Zoology  of  Britain  ...  10   0  0 

Exotic  A noplura   1844  26   0  0 

Expenses  attending  Anemo- 
meters  11   7  8 

Anemometers'  Repairs.   2    3  6 

Atmospheric  Waves   3    3  3 

Captive  Balloons   1844  8  lU  8 

Varieties  of  the  Hunan  Baoe 

1844  7   6  8 
Statistics  of    Sickness  and 

Mortality  in  York   12   0  0 

£686  16  0 
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1847. 

Oompntation  of  tlio  GaMsian 

Constants  for  1    50  0 

Habits  of  Marine  Animals  ...  10  0 
FliTiriologiflal  AetioD  off  Modi- 

cines    20  0 

Marine  Zoolofr>'  of  Cornwall      10  0 

Atmo^beric  Waves   6  9 

intAli^  of  Seeds    4  7 

Main'aininsr  the  Establish- 

ment  at  Kew  OUeiratoxy   107  8 

£208  5 
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0 
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1848. 

MaiBteiiiiiHr  the  MbUdi* 

in^  n'  n*  Kew  Ob-tonwIOty  171  15 

Atmoisphenc  Waves    3  10 

Viialitj  of  beeda    0  15 

OompletioB  off  Qitalogao  off 

Stars    70  0 

On  Colooring  Matters    6  0 

(hi  Onmth  of  Planta   IS  0 

£276  1 

1849. 

Electrical    Observatiuns  at 

Kew  Observatory   60  0 

Maiiitaining  the  Bctabliah- 

ment  at  ditto   76  2 

Vitality  of  Seeds    5  8 

On  Growth  of  Planta    6  0 

He^ristritiaii  off  Feriodioal 

Phenomf-na   10  0 

Bill  on  Account  of  A  nemo- 

Bebrical  Obaermtions  >_  18_  8_ 

40159  19 


11 
y 
0 

0 

0 
0 

8 


5 
1 

0 


0 
6 


1851. 

Maintaininp  the  Establish- 
ment at  Kew  Obfjf-rvatory 
(inclndes  part  of  grant  in 

1849)    809  2  2 

Theory  of  Heat   SO   1  1 

Periodical  Phenomena  of  Ani- 
mals and  Plants   5    0  0 

Tilality  of  Seeds    6   6  4 

Inflnence  of  ^W»lar  liadiatiott     30   0  0 

£tbaological  Inquiries  18  0  0 

i*WMclm  on  Annelid*          10  G  O 

£391  9  7 


1858. 

J   #.  A 

Maintaining  the  Establi>1i. 
ment  at  Kew  (Observatory 
(including  balance  of  grant 
ffor  1850)   888  17  8 

Ex{)erimrnt.H  on  the  OondoA- 
tion  of  11  cat    5    2  0 

Intluiiice  of  Solar  liadiations   SO   0  0 

Geolog^ical  Map  of  Ireland  ...    16   0  0 

Researches  on  the  British  An- 
nelida  10    0  0 

Vitality  of  Seeds    10   6  8 

Stnngth  of  Boiler  Flatet......  10  0  0 

isio? "«  7 


1860. 

WaintaininsT  the  Establish- 

mt  ni  at  Kew  Observatory  255  18  0  . 
Transit  of  EarOiqiinke  Wavee  50  0  0  i 

Pericdical  PhnnrTiicrja   15    0    0  1 

Meteorological  inalrumenta, 
Axores  _  26    0  0 

i^46  18  0  I 


isr,3. 

Maintainintr  tl.c  K-t;iblisl»- 

ment  at  Kew  observatory  165  0  0 
Experiments  on  the  Influenoe 

of  Solar  Radiation    15  0  0 

Researches  on  the  British 

Annelida   10    0  0 

Dredging  on  the  Aut  OoMt 

of  Sot  land   10    0  0 

Ethnological  Qoeriea    5   o  o 

^205   0_  0 

1854. 

Maintaiuingr  the  Kstablish- 
ment  at  Kew  Observatory 

(inchidinir    balaooe  off 

former  grant)   380  15  4 

Investigations  on  Fhix   11  0  0 

Effects  of  Temperature  on 

Wron^'ht  Iron   10   0  0 

Registration    of  Periodical 
Phenomena   10  0  0 

Brifisli  Annelida    in    0  0 

Vitality  of  Seeds   fi    2  3 

Conduction  of  Ueat   4    2  0 

£880  19~"7 


1855. 

Maintainini?  tlie  Establish- 
ment at  K<'\v  ( )hsi>rvatoiy    42">  0  0 

Kariiit^uake  Movements              10  0  0 

Physical  Aspect  of  the  Moon     11  8  5 

Vitality  of  Seeds                        10  7  11 

Map  of  tin.  W.. rid                    ir>  0  0 

Ethnological  l^ueriea                  5  0  0 

Dredging  near  Belfast             4  0  0 

£480  16  "4 


1856. 

Maintaining  the  Establish- 
ment at  Kew  Observa* 

tory : — 

1866  i.500   0   or         "  " 


Digitized  by  CjOOgle 


Strickland's  Ornithological 

SynonymB    100  0 

Dndging    and  Dredging 

Forms   9  13 

Chemical  Action  of  Light  ...   20  0 

Stmigth  of  Inn  Plates           10  0 

B^^tration   of  Pisciodionl 

Fhonnmfna   10  0 

Propagation  ol  6almon   10  0 

#734  13 


0 
8 

7 
0 


0 
0 
0 

0 
0 


0 


0 
0 


1887. 

Maintaining  the  Betablieh* 

ment  at  Kc  w  Obser\'atory   860  0  0 

Earthquake    Wave  Experi- 
ments    40  0 

Dredging  near  Belfast   10  0 

Predirinc:  on  the  Weft  OOMt  ! 
of  isootland   10  0  0  ' 

Invettigations  into  the  Mol*  I 
losca  of  California    10  0 

Experiments  on  Flax    8  0 

Natural  History  of  Mada- 
gascar  20  0 

Researches  on  British  Anne- 
lida   26  0 

Report  on  Natural  Products 
imported  into  Liverpool  ...    10  0 

Artificial  Ptopagation  of  Sal- 
mon  10 

Temperatnre  of  Mines   7 

Thermometers  for  Sahtem- 
nean  Observations   6 

LifC'boats   6 

WSm  18 


0 

0  i 

I 

0 

0 

0 

0 
0 

4 
0 
"4 


1858. 

Mainlainliifr  the  Kftablisli- 

ment  at  Kew  Observatory   600   0  0 

Earthquake  Wave  Experi- 
ments  86  0  0 

Drcdirinpr  on  the  West  Coast 
of  Scotland  10   0  0 

Dredp:ing  near  Bablin .........     6  0  0 

Vitality  of  Seed    5    5  0 

Prcd'jin.r  near  Belfast   16  13  2 

Report  on  the  liritiah  Aune* 
lida   28  0  0 

Experiments  on  the  produc- 
tion of  Heat  by  Motion  in 
Flnids   20  0  0 

Eeiwrt  on  the  Natural  Pro- 
ducts imported  into  Soot- 
land   10_0  0 

£618  18  2 


1860. 

Maintaining  the  Esteblish- 

ment  at  Kew  Obscrvatoij  600  0 
Dredging  near  Dublin   16  0 


£  ».  d. 

Osteology  of  BixdS    60  0  0 

Irish  Tunicate   •..•..••.«•    8  0  0 

Manure  Experiments  20  0  0 

British  Medusidae   5   0  O 

Dredging  Committee    5   0  0 

Steam-fossels*  Perfonnanos...  8  0  0 
Marine  Fauna  of  South  and 

West  of  Ireland   10  0  0 

Photographic  Chemistry   10  0  O 

Lanarkshire  Fossils   20   0  1 

Balloon  Asoents.   39  11  0 

£684 

1860. 

MainUining  the  Bstahllsh* 

ment  at  &ew  Observatoiy  600 

Dredping  near  Belfast   16 

Dredging  in  Dublin  Bay   15 

Inquiry  into  the  Perfonnanea 

of  Steam-vespcls    124  0  0 

Explorations  in  tlie  Yellow 

Sandstone  of  Dura  Den  ...  20  0  0 
Chemioo-mechanical  Analysis 

of  Rocks  and  Minerals          26  0  0 

Besearchea  on  the  Growth  of 

Plants   10  0  0 

Besearchea  on  tibe  Bolnbility 

of  Salts    80  0  0 

Besearcbeson  theConstituents 

of  l^Qies  .................. 

Balance  of  Osptife  Balloon 

AcQonnti   1 


11  1 


0  0 
6  0 
0  0 


88  0  0 

\B  e 

19^6 


0 
0 


£766 


1861. 

Maintaininp  the  Establish- 
ment at  Kcw  Observatory..  600  0  0 
Earthquake  Experiments  28  0  0 
Dredgring   North  and  Bast 

Coasts  of  Scotland    28  0  0 

Dredging  Committee : — 

1880  £80  0  0  1  72  0  0 

1861  £22   0   0  /  7^  "  O 

Excavations  at  Dura  Den   20  0  0 

Solubility  of  SalU    20  0  0 

Steam-Teasel  Ferionnanoe  ...  150  0  0 

Fossils  of  Lcsmahagow    16  0  0 

Explorations  at  Uriconium...  20  0  0 

Chemical  Alloys    20  0  0 

Classified  Index  to  the  Dnstos- 

actions   100  0  0 

Dredging  in  the  Mersey  and 

Dee   8  0  0 

Dip  Circle    80  0  0 

Photoheliopraiihic  Observa- 
tions  60  0  0 

Prison  Diet   20  0  0 

Gauging  of  Water...............  10  0  0 

Alpine  Ascent.n   6  6  10 

Constituents  of  Manures   88  0  O 


£1111  8  10 
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£  f. 

ttainUinmg  Um  SsUblish- 

Bunt  at  Kew  Ohawfttaaj   600  0 

BitontLAws                           21  6 

Molluscaof  N.-W.  of  America  10  0 
Katoral  HUtoiybjr  Meicantile 

Marine   •                 6  0 

Tidal  Observations                    25  0 

Photoheliomeler  at  Kew            40  0 

Photographic  Picture^i  ol  the 

Sun                                   160  0 

Bocks  of  Donegral                    26  0 

Dredging  Durham  and  North- 

innberland  CoMts                26  0 

Connection  of  StormB               20  0 

Dredging  North*6ast  Coast 

of  Scotland                         6  9 

Bamgesol  Teredo  8  11 
Standards  of  Blectriod  Be* 

si  stance                                 BO  0 

Railway  Accidents                    10  0 

BeOoon  Committee  ............  200  0 

Dredc'ing'  Dublin  Bay               10  0 

Dredging  the  Mersey                  6  0 

Prison  Diet                            20  0 

Ganging  of  Water                   12  10 

8te«nship«'  Performance         160  0 

Hieniio-electric  Coirents  ...     6  0 

£i29B  16 


,  £  s.  d. 

4.    Thenno>electricity  .•••••.•.•.»   15  0  0 

'  Analysis  of  Book«   •   8  0  0 

0    Hydroida.  »>  10  0  0 

0  £1608  8  10 

0 


1863. 

Maintaining  the  Establish- 

meni  jit  Kew  Observatory...  600 
Balloon  Committee  defldencj  70 
Balloon  Aioeiite  (other  ex- 
penses) ••••«•...   25 

IbIobos  •••«••■••••••••«••••••«••••  26 

GoelFoesile    20 

Herrings   20 

Granites  of  Don^^l.   5 

PrfeonDiei    20 

T  rical  Atmoepbeiio  Move- 
ments  13 

Dredging  Shetland    50 

Dredging  North-eeat  Ooeet  of 

Scotland   26 

Dredging  Morthumberland 

BDd  DmliaBi  ...*......••..«...  17 

Dredging  OoBOBittee  eaperin* 

terdence    10 

Steamship  Performance  ......  100 

Briloon  OoBimittee  ............  200 

QHrbOD  under  pressure  10 

Volcanic  TeBi{)craturc    100 

Bromide  of  Ammonium    8 

Electrical  Staadards...... ......  100 

Electrical  ConstmetiaB  wad 

Distribntion   40 

Lominoae  Meteoie    17 

Eew  Additional  Buildiqge  for 

Pbotobeliogzeph  100 


0 

0 
0 

0 
0 

0 
0 

6 
0 

0 
0 
0 

0 

0 
0 
0 

0 
0 


1864. 

Malataining  the  Betabliah* 

ment  at  Kew  Obeemtoty..  600 

Coal  Fossils    20 

▼ertloBl  AtBKMpberio  Move- 
ments   20 

Dredging,  Shetland    75 

Dredging,  North  lunberland...  25 

BeUooB  Oomaiittee    200 

Carbon  nnrter  pressure    10 

Standards   of   Electric  Re- 
sistance   100 

Analysis  of  Rodkt    10 

Hydroida    lo 

AikhamsOift   50 

Nitrite  of  Amyle  ...............  10 

Nomenclature  OoBUBittee  ...  5 

Rain -gauges    15> 

Ca^t-iron  Investigation  ......  20 

Tidal  ObeervatioDS  In  tlie 

number   60 

iSpectral  Rays   46 

Luminous  Meteors   20 

£1882 


0  0 

0  0  ! 

0  0  I 

0  0  i 

0  0 

0  0 

0  0  ( 

0  0 

I 

0  0 

0  0  . 

i 

0  0 

8  10  I 

0  0  I 

0  0 

0  0  ! 

0  0  , 

0  0  , 

0  0 

0  0 

0  0 

0  0 

0  0 


0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

15  8 

0  0 

0  0 

0  0 

0  0 
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0 
0 


0 
0 
0 


1866. 

Maintaining  the  Establish- 

ment  at  Kew  Observatory..  f>(X)  0  0 

Balloon  Committee                 100  0  0 

Hydroida                            18  0 

Rain-gauges                             30  0 

Tidal    Observations  in  the 

Homber                              8  8  0 

Hexylic  Oompoonds                20  0  0 

Amyl  Compoimds                    20  0 

Irish  Flora                           26  0 

American  Mollaeca                  8  8 

Organic  Acid3                         20  0  0 

Lingula  Flags  Excavation  ...    10  0  0 

Eurypterus                            50  0  0 

Btectrical  Standards...... ......  100  0  0 

Malta  Caves  Rcsearohee            30  0  0 

Oyster  Breeding                      25  0  0 

Gibraltar  Caves  Researches...  160  0  0 

Kent's  Hole  Excavations         ion  0  0 

Moon's  Surface  ObeervatioDs    35  0  0 

Marine  Fauna  25  0  0 

Dredging  Aberdeenahire          26  0  0 

Dredging  Channel  Islands  ...   60  0  0 

Zoological  Nomenclature            6  0  0 

Resistance  of  Floating  Bodies 

in  Water                         100  0  0 

Bath  Waters  Analysli  .........     8  10  10 

liominous  Meteors                  40  0  0 

£1691 "  7  10 
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1866. 

£  «. 

Maintaining  the  Establish- 

ment  at  Kaw  Obaervatoiy. .  COO  0 

tAinar  Commit  toe  ,,.    64  13 

Balloon  Ck)mmittce    60  0 

Metrical  Oommittee   60  0 

British  Rainfall  60  0 

Kilkenny  Coal  Fields    16  0 

Alum  Bay  Fossil  Lc2il*bed  ...    15  0 

Litminoiis  Meteors    60  0 

Linjfula  Flaps  Excavation  ...  20  0 
Chemical    Constitution  of 

Cast  Iron    60  0 

Amyl  Gomponnds   26  0 

Electrical  Standards   100  0 

Malta  Caves  Exploration   .30  0 

Kent's  Hole  Expluruiiun          200  0 

Marine  Faona,  &c,  Devon 

and  Conuvull   25  0 

DredcingAbenieensliire  Coast   26  0 

Dredging  Hebrides  Coast  ...    60  0 

Dredging  the  Mersey    6  0 

Hesistance  of  Floating  Bodies 

in  Water   60  0 

Polycyanidesof  OrganicBidi- 

oals   29  0 

Ri?or  Mortis   ,,„.    10  0 

Irish  Annelida  .....*..«••••••...    16  0 

Oatalogne  of  Cnmia......         60  0 

Didine  Birds  o£  Mascaiene 

Islands    50  0 

Typical  Crania  liesoirches  ...   30  0 

mestine  Exploration  Fond...  100  0 

£1760  18' 
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1867. 

Maintaining  the  Establish- 
ment at  kew  ObeerraUtty..  600  0 

Meteorological  Instroments, 

Palestine   50  0 

Lunar  Committee   120  0 

Metrical  Committee   30  0 

Kent's  Hole  Explorations  ...  100  0 

Palestine  Explorations   60  0 

Insect  Fauna,  Palestine    SO  0 

r.ri  i-^h  Rainfall   50  0 

Kilkenny  Coiil  Fields    25  0 

Alum  liay  Fossil  Leaf-bed  ...    26  0 

Lnmlnons  Meteors    60  0 

Itoumemouth,  A:c.,  Leaf-beds    30  0 

Dredging  Shetland    76  0 

Steamship  Kcports  Condensa- 
tion   100  0 

Electrical  Standards   100  0 

Ethyl  and  Methyl  8erif«   25  0 

Fossil  Crustacea    25  0 

Sound  nnder  Water    24  4 

North  Greenland  Fauna   75  0 

Do.  Plant  Heds  KM)  0 

Iron  and  Steel  Manufacture...    25  0 

Flttent  Laws  «••••••••«»•••.•...•  (> 


0  I 

0  ' 
0 
0 
0 

0  I 
0 
0 
0 

0  I 
0 
0 
0 

0 

0 

0  , 

0 

0 

0 

0 

0 

0 

^0 


1868. 

£  «.  if. 

Maintaining  the  Establish* 

ment  at  Kew  Obssfvatoij..  600  0  0 

Lunar  Committee   J20  0  0 

Metrical  Committee .••......•*.  60  0  0 

Zoological  Reoord   100  0  0 

Kent's  Hole  Kxplomttons  ...  160  0  0 

Steamship  Performances   H>0  0  0 

British  Bainfall   60  0  0 

Luminous  Meteora.   60  0  O 

Organic  Acids   60  0  0 

Fossil  CriLstacea   25  0  0 

Methyl  Series   25  0  O 

Menmry  and  Bile   26  0  O 

Organic  Remains  In  Lime- 
stone Rocks    25  0  0 

Scottish  Eariiiquakcs    2*)  0  0 

Fknaa,  Devon  and  Cornwall.,  ho  o  o 

British  Fossil  Corals    r.O  0  0 

Bagshot  Ix»af-bed8    60  0  0 

Greenland  Explorations    100  0'  O 

Fossil  Flora    25  0  0 

Tidal  Observations    TOO  0  0 

Underground  Temperature...  60  0  0 
Spectroscopic  InTestigations 

of  Animal  Substances             5  0  0 

Sw^ondaiy  Reptiles,  iic   80  0  0 

British  Marine  Invertebrate 

Fhkuna    100  0  0 

£1940  0  0 


1869. 

Maintaining  the  XSstablish* 

ment  at  Kew  Obsenratoiy.  •  600 

Lunar  Committee   60 

Metrical  Committee    26 

Zoological  Beoord   100 

Oommittee  on  Oases  in  Deep- 
well  Water   26 

British  Rainfall   60 

Thermal  Oondnctlvityof  Iron, 

&c   30 

Kent's  Hole  Explomtionw   150 

Steamship  Performances    SO 

Chemical    Constitntion  of 

Cast  Iron   fO 

Iron  and  Steel  Manufacture  100 

Methyl  Series   30 

Organic  Remains  in  Lime- 

stnne  Rncks   10 

Earthquakes  in  Scotland   10 

British  Fossil  Corals    60 

Ba<;shot  Leaf-beds    3o 

Fossil  Flora    25 

Tidal  Observations    100 

Undergroand  Tempemtine...  80 
Spectroscopic  InvestigatiODfl 

of  Animal  SabstBDCes  ......  6 

Organic  Adds   ......*  12 

Eiltorcan  FomUs   20 


0  0 

0  0 

0  0 

0  0 

0  0 
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0  0 
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£  #.  d. 

Cfcemic.ll    Constitution  and 
Phjaioiogical  AcUon  Bela- 

tiflOfl                                 16  0  0 

Motmtain  Limestone  Fofsils     25  0  0 

Utilisation  nf  Scwa2"f                10  0  0 

Producta  of  Digwiiiou              10  0  0 

£iiili'2  0  0 


1871. 

MAintaininK  the  Establish- 
ment at  Kew  Observatoiy   000  0  0 
Monthly  Reports  of  Fro^eM 

in  Chemiatiy   lOO  0  0 

Metrical  C6iiimittee   26  0  0 

Zoological  Record   100  0  0 

Thermal  Eqni\'alent8  of  the 

Oxides  of  Chlorine    10  0  0 

TIdftI  ObeervBtions    100  0  0 

KosBil  Flora    25  0  0 

Ltiixiinous  Meteors    .'{0  0  0 

^tiah  FoBsil  Corals    25  0  0 

Heat  in  the  Blood   7  2  6 

British  Rainfall   50  0  0 

Kent's  Hole  £zploi»tiona  ...  150  0  0 

PMlCraateoeft   2fi  0  0 

Methjl  Compounds   25  0  0 

lABsrObJecto   20  0  0 


1870. 

Maintaining  the  Establish- 

nent  at  Kew  ObeertBtory  600  0  0 

Metrical  Committee                25  0  0 

Zoological  Recorri                   100  0  0 

Committee  on  Marine  Fauna    20  0  0 

San  in  Fishes                        10  0  0 

Chemical   Katnre  of  CM 

Iron                                   80  0  0 

Laminons  Meteors                   30  0  0 

Heat  in  the  Blood                    16  0  0 

British  Rainfall                     100  0  0 

Thermal    Conduclivitj  of 

Inn,  Ae.                         20  0  0 

British  Foasil  Corals                 50  0  0 

Kent's  Hole  Explorations   ...  150  0  0 

Scottish  Earthquakes                  4  0  0 

Bagshot  Leaf-beds                  16  0  0 

Foasil  Flora   ,„„.    25  0  0 

Ifdal  ObserratioDS                  100  0  0 

Undergroand  Temperature ...    50  0  0 

Kiltorcan  Quarries  Fossils  ...   20  0  0 

iIoun*ain  Limestone  FosfUs     26  0  0 

Utilisation  of  Sewage               60  0  0 

ffeganleCaieBiical  Compounds  80  0  0 

Onnj  River  Sediment                 8  0  0 

Mechnnical     Equivalent  of 

Heat                                 60  0  0 

^1572  0  0 


£  9,  d. 

Fossil  Coral    Sectionf»  tn 

Photographing   20  0  0 

Bagsbot  Leaf-beds    20  0  0 

Moab  Explorations    100  0  0 

Ganasian  Constants   iO  0  0 

£1472  2  6 


1872. 

Maintainincr  tlio  Establish- 
ment at  Kew  Observatory  300 

Metrical  Committee   76 

Zooloirical  Record   100 

Tidal  Committee    200 

Carboniferous  Corals    25 

O  r^^a  n  i  c  Chem  i  cal  Componnds  26 

Exploration  of  Moah   100 

Terato-embryological  Inqui- 

riee   10 

Kent's  Cavern  Exploiation..  100 

Luminous  Mctf-ors    20 

Heal  in  the  Blood   15 

Fossil  Crustacea   26 

Fossil  Elej^liants  of  Malta  ...  25 

Lunar  Objects    20 

Inverse  Wave-lengths   20 

British  Rainfall   100 

Poisonous  Sabatancaa  Anta- 
gonism  10 

BMential  Oils,  Chemical  Con* 

stitntion,  kc   40 

Matlioraatical  Tables    50 

Thermal  Conductivity  of  Me- 
tals   26 


0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 


/12<^."5    0  0 


1878. 

Zoological  Record   100  0  0 

Chemistry  Record   200  0  0 

Tidal  Committee    400  0  0 

Scwaire  T'omniittce    100  0  0 

Kent  "s  (  avcrn  Exploration  ...  150  0  0 

f'arboniferous  Corals    25  0  0 

Fussil  Elephants    25  0  0 

Wave-lenirths   150  0  0 

British  Rainfall   100  0  0 

Bssential  Oils   80  0  0 

Mathematical  Tables    100  0  0 

Gaussian  Const  nuts    10  0  0 

Sub-Wealden  Explorations...    25  0  0 

Underground  Temperature...  160  0  0 

Settle  Cavo  ^Lxph. ration    50  0  0 

Fossil  Flora,  Ir.-IaiKl   20  0  0 

Timber  Denudation  and  liain- 

fnll    20  0  0 

Lmninoos  Meteors   30  0  0 

£im  0  0 
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1874. 

i.  «. 

SoolOffical  Kcc<:»ril                   100  O 

Cbenurtry  Record  •  100  0 

MathemaMral  Tablet  .........  100  0 

Elliptic  Functions                 100  0 

Lightning  Condocton  ....  10  0 
Tbermal    OondiiGtivitx  of 

RockB                                 10  0 

Anthropological  Instructions   50  0 

KeBt*«  Cftvem  BxplonHion...  180  0 

Lnminous  Meteors                    30  0 

Intestinal  Socrctions                 l'>  0 

British  llamfail                     KK)  0 

K«entialOil8                        10  0 

Sub-Wealden  Explorations...    25  0 

Settle  Cave  Exploration           60  0 

Maaritios  Meteorology          100  0 

Ma^etisation  of  Iron              20  0 

>Tarine  Orpanisins                   80  0 

Fossils,  North- West  of  Scot- 
land                                  8  10 

Physiolofrical  Action  of  light   20  0 

Trades  Unions                          26  0 

Mountain  Limestone -corals      25  0 

Bmtio  Blocks                      10  0 

pror^^'^in-,  Durbunaod  York* 

shire  Coasts                          28  5 

Hi|?h  Temperatnre  of  Bodies    80  0 

Siemens 's  Pyrometer                  8  6 

Labyrinthodonto    of  Coal- 
measures..  

£1161  16_ 

1878.  ~" 

Elliptic  Functions                 100  0 

Mmetitation  of  Iron  •  SO  0 

Britidi  BainfaU                   120  0 

TiUminons  Meteors                   20  0 

Chemistry  Record                  100  0 

gpeeifie  Volnmo  of  Lfouidi...  86  0 

Estimation  of    Potaan  and 

Phosphoric  Acid                    10  0 

Isometric  Ocsols                      20  0 

Snb-Wealden  ETplorations  ...  100  0 

Kent's  Cavern  Kxplnration...  100  0 

Settle  Cave  Exploration           60  0 

Barthqnnkesin  Beotland          16  0 

UndeTgroand  Waters                10  0 

Development    of  Myzinoid 

Fishes                               20  0 

Zoological  Record                100  0 

Instructions  for  Travellen  ...    20  0 

Intestinal  Secretions                  20  0 

Palestine  Exploration             100  0 

£960  0 

1876. 

Printing  Mathematical  Tables  159  4 

British  Runlall                   100  0 

Ohm's  Law                             9  15 

Tide  Calculating  Machine  ...  200  0 

Specific  Volume  of  Liquids...   25  0 
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I  t.  d. 

Isomeric  Cresols    10  0  0 

Action  of  Ethyl  BioBMilnity- 
rate  on  Kthjl  Sodnoeto- 

acetate   6  0  0 

Estimation  of    Potash  and 

Phosphoric  Acid   13  0  0 

Exploration  of  Victorin  CnTC  0  0 

Geological  llecord   100  0  0 

Kent  8  Cavern  Ezplcnition...  100  0  0 
Tticrmal  Oondoetivitiea  of 

Il.^cks    10  0  0 

Underground  Waters    10  0  0 

Earthquakes  in  BooUand......  1  10  0 

Zoological  Record   100  0  0 

Cln<!p  Time   6  0  0 

Physioiogicai      Actiuu  of 

Sonnd   25  0  0 

Naples  Zoological  Station  ...  75  0  0 

Intestinal  Secretions  .........  16  0  0 

Physical  Charactcn  of  lahl^ 

hitants  of  Biitidi  Isles   13  15  0 

Measuring  Speed  of  Ships  ...  10  0  0 
Effect  of  Propeller  on  turning 

of  Stcun-TCMels    6  0  0 

rni. 

Liquid  Carbonic  Aoid  In 

Minerals   20  0  0 

EUij.tic  Functions    260  0  0 

Thermal    Oondnctivi^  of 

Rocks    9  11  7 

Zoological  Record   100  0  0 

KonfkOavem  ..................  100  0  0 

Zoological  Station  at  Ni^dfls  76  0  0 

Luminous  Meteors    30  0  0 

Elasticity  of  Wires    100  0  0 

DipterocarpCK.  Beport  on  ...  80  0  O 
Mechanical    Xqnlvalenft  of 

Heat   86  0  0 

Double  Compounds  of  Cobalt 

and  Nickel    8  0  0 

Undertrround  Temperature ...  50  0  0 

Settle  Cave  Exploration   100  0  0 

Underground  Waters  in  New 

Red  Sandstone    10  0  0 

Action  of  Ethyl  Bromobuty- 

rate  on   Kthjtl  bodaceto- 

aoetnte    10  0  0 

British  Earthwork«<    86  0  0 

Atmospheric   Electricity  in 

India    IB  0  0 

Development  of  Light  from 

Coal-gas   aC  0  0 

Estimation  of  Potash  and 

Phosphoric  Acid   1  18  0 

Geological  Record   100  0  0 

Anthropometric  CommiHee  84  0  0 
Physiological  Action  of  Phos- 
phoric Addy  Ito................  16  0  0 

A188  9  7 
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1878. 

Exploration  of  Settle  Cave§ 

Qeologleal  Beoord  

Investigation  of  False  Pheno- 
mena by  meanfl  of  Siphon 

Eecorder  

Sooloiipeal  Station  at  Naples 
In»Mtig*tifln  of  Underground 


£ 

i. 

d. 

100 

0 

0 

100 

0 

0 

10 

0 

0 

75 

0 

0 

15 

0 

0 

of  Bleetrical 
Impulses   thxongfa  Nwrre 

Structure   SO 

Calculation  of  Factor  Table 

for  4lli  XUlion   100 

Anthropometric  Committee...  68 
Compcwition  and  tttroctuie  of 

less -known  AWraVridli   98 

Exploration  of  Kent*!  Oavern  50 

Zoological  Record   100 

Fermanagh  Caves  Explora- 
tion   18 

Tbenna]    Otodootivity  of 

Rock?    4 

Lnminoas  Meteors  ..>  10 

/^ft^fjjiit.  Bartlnrafki   S8 


0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

0  0 

16  6 

0  0 

0  0 


£725  16  6 


1879. 

Table    at    the  Zoologioal 

Station,  Naples   76   0  0 

Miocene  Flora  of  the  Basalt 

of  the  North  of  Ireland  ...  SO  0  0 
niastrations  for  a  Monogll^ 

on  the  Mammoth   17   0  0 

Beooid  of  Zoologieal  Litata- 

tnre   100  0  0 

Composition  and  Structure  of 

lesa-koown  Alkaloids    25   0  0 

■zplontiOB  of    OaTca  in 

Borneo    60   0  0 

Kent's  Cavern  Exploration...  100  0  0 
Record  of  the  Progress  of 

Otology    100   0  0 

Fermanagh  Caves  Exploration  6  0  0 
Sloetrolysis  of  Metallic  Sola- 

Uou   and  Solutions  of 

Gonpoond  Salts   25   0  0 

Anthropometric  Committee...  50  0  0 
Katoral  History  of  Socotra...  100  0  0 
Odeiilation  of  Factor  Tables 

for  5th  and  6th  MillioM  ...  150   0  0 

Underground  Waters   10   0  0 

Steering  of  Screw  Steamers...  10  0  0 
iBprovements  in  Astrono- 
mical docks    80  0  0 

Marine    Zoology   of  Sonth 

Derail   20  0  0 

Determination  of  Mechanl^l 

Iqinlvalfl^tof  Heat  12  16  6 


8})ecitic  Inductive  Capacity 
of  Sprengel  Vacuum  

Tables  of  Son-heat  Co- 
ethcieate  •  

Datnm  Leyel  of  the  Ordnance 
Survey   

Tables  of  Fundamental  In- 
variants of  Algebraic  Forms 

Atmoapherio  Braotrioity  Ob* 
servations  in  Madeira   

Instrument  for  Detecting 
Fire-damp  in  Mines  

Instruments  for  Meifoiing 
the  Speed  of  Ships   

Tidal  Observations  in  the 
English  Channel   


40  0  0 

30  0  0 

10  0  0 

3G  U  9 

16  0  0 
22  0  0 

17  1  8 
10  0  0 
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1880. 

New  Form  of  High  Insolation 

Key  

Underground  Temperature ... 
Determination  of  the  Me- 

Mi^wi    Bqnivalent  of 

Heat   

Elasticity  of  Wires  

Lnndnont  Meteors 

Lunar  Disturbance  of  Qravi^ 

Fundamental  Invariants  

Laws  of  Wat«r  Friction  

Bpeei6o  Inductive  Capacity 

of  Sprengel  Vacuum  

Completion  of  Tables  of  Sun- 

heat  Coefficients   

Inttrument  for  Detection  of 

Fire-damp  in  Mines  

Indactive  Capacity  of  Crystals 

andBuaiBneB   

Report    on  Caiboniferoos 

Polyzoa   

Caves  of  South  Ireland   

'^vipeioosKatoreof  Idithyo* 

saurus   

Kent's  Cavern  Exploration... 

Geological  Record  

Miocene  Flora  of  the  Basalt 

of  North  Ireland   

Underground  Waters  of  Per- 

ndui  FcmnatioDS  

Record  of  Zoological  Liteia- 

ture  t  

Table  at  Zoological  Station 

at  Naples   

Invest iiration  of  the  Geology 

and  Zoology  of  Mexico  

Anthropometry  

Fiiteiit  Laws  


10  0  0 
10   0  0 


8 

r, 

0 

50 

0 
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0 
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1861 

£  t.  d. 

LnnarDlstorbftiioe  of  Gravity  80  0  0 

Underground  Tempeiattire ...  80  0  0 

Electricml  Standards   25  0  0 

High  Insulation  Key   5  0  0 

Tidal  Observationt    10  0  0 

Specific  EcfnictioDB    7  3  1 

Fossil  Polyzoa    10  0  0 

Underground  Waters    10  0  0 

Earthquakes  in  Japan   2S  0  0 

Tertiary  Klorn    80  0  0 

Rcottish  Zoological  Station  ...  50  0  0 

Naples  Zoological  Station  ...  76  0  0 

Natural  History  of  Socotia  ...  SO  0  0 
Anthropological  Note*  and 

Queries    9  0  0 


Zoological  Record   100  0  0 

Weights    and    Heigbta  of 
Haman  Beings   ojo 


1882. 

Exploration  of  Central  Africa  100  0  0 
Fundamental  InTariants  of 


Algebraical  Forms    76    1  11 

Standards     for  Electrical 

Measurements    100   0  0 

Calibration  of  Merenrial  Ther- 

moractors    80   0  0 

Wave-len;xth  Tables  of  Spec- 
tra of  Elements   50   0  0 

Photographing  Ultra-vicJet 

Spark  Sppctni   ,   25    0  0 

Geologic^il  Kecord   100   0  0 

Earthquake    Phenomena  of 

Ji^n   2ft  0  0 

Conversion  of  Sedimentary 

Materials  into  Metamorpbio 

Rocks    10  0  0 

Fossil  Plants  of  Halifaat  ......    15   0  0 

Geological  Map  of  Europe  ...  85  0  0 
Circulation  of  Underground 

Waters   1«  0  0 

Tertiai  \   Flam  of  Kortb  of 

Ireland    20    0  0 

British  Polyzoa   10   0  0 

Bxplorationof  C^vesof  Sooth 

of  Ireland    10   0  0 

Exploration  of  Kaygill  Fissure  20  0  0 
Naples  Zoological  Station  ...  80  0  0 
Albuminoid   Substances  of 

Scrnm   10   0  0 

Elimination  of  Nitrogen  by 

Bodily  Exercise   50   0  0 

Migration  of  Birds    15    0  0 

Natural  History  of  Socotra...  TOO    0  0 
Natural  History  of  Timor-laut  100   0  0 
Reooid  of  Zoological  Litera- 
ture  100   0  0 

AntbropometrioOommittee...  60  o  o 


£1126    1  11 


1889. 


£ 

*, 

Meteorological  ObservatioDS 

60 

0 

0 

Isomeric  Naphthalene  Deri- 

15 

0 

0 

Earthquake  Phenomena  of 

60 

0 

0 

20 

0 

0 

10 

0 

0 

Fossil  Phyllopoda  of  Falseo- 

25 

0 

0 

Erosion  of  Sea-coast  of  Eug- 

10 

0 

0 

Circulation  of  Underground 

15 

0 

0 

50 

0 

0 

Exploration  of  Caves  in  South 

10 

0 

0 

Zoological  Literature  Record 

100 

0 

0 

20 

0 

0 

Zoological  Station  at  Naples 

80 

0 

0 

Scottish  Zoological  Station... 

25 

0 

0 

Elimination  of  Nitrogen  by 

38 

3 

8 

Bzploration  of  Mount  Kill- 

500 

0 

0 

Investigation   of  Loughton 

10 

0 

0 

Natural  Hiitoiyof  Timor»lant 

50 

0 

0 

Screw  QaugeS(..«««....»»«(*»*.... 

5 

0 

0 

£1 
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3 
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1884. 

Meteorological  Observations 


on  Ben  Nevis   60  0  0 

Collecting  and  Investigating 

Meteoric  Dnst   20  0  0 

Mi't  corologifsal  Observatoty  at 

Ciiepstow   25  0  0 

Tidal  Observations   10  0  0 

Ultra  Violet  Spark  Speclm ...  ^40 
Earthquake  Phenomena  of 

Japan   76  0  0 

Fossil  Plants  of  lialifax    16  0  0 

Fossil  Polysoa   10  0  0 

Erratic  Blocks  of  England  ...  10  0  0 
Fossil  Phyllopoda  of  Palajo- 

zoic  liocks      15  0  0 

Circulation  of  Underground 

Wafers   6  0  0 

International  Geolodcal  Map  20  0  0 
Bibliography  of  Groups  of 

fnvertebrata    60  0  0 

Natural  History  of  Timor-laut  50  0  0 

Naples  Zoological  Station  ...  80  0  0 
Exploration  of  Mount  Kili- 


ma^njaro.  East  Africa           500  0  0 

Miirrat  ion  of  Birds                     20  0  0 

Coaj^'ulation  of  Blood  •         100  0  0 

Zoological  JMmttm  Beond  100  0  0 

AntfaiopoiBilrio  OoniBlttee...  10  0  0 

£1173  4  0 


Digitized  by  Google 


OENBIUL  STAXBMSNT. 


cxi 


1885. 

PjBoptio  Ghait  of  Indian 


Ocean    GO   0  0 

Redaction  of  Tidal  Observe* 

tions   10  0  0 

Calculating  T&falw  in  Theoy 

(^Numbers   100   0  0 

Jlcieorologicai  OfaMrrationt 

OD  Ben  Nevis  «   50    0  0 

Met^rio  Dust    70    0  0 

V^x)ur  Pressareii,  ice,  of  iialL 

Solutions   96  0  0 

Physical  Constanta  of  Sdn- 

tions   30   0  0 

Tolcanic  Phenomena  of  Vesu* 

viiiH    25   0  0 

Ha; 'jill  Fissure    15    0  0 

ibarthquake    Plienomena  of 

Japan    70  0  0 

Fossil  FbjUopodaof  FlaUBOtolc 

Rocks    25  0  0 
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Qemrtil  Meetings* 

On  Wednosclay,  September  10,  at  8.30  p.m.,  in  ilie  (rrosvenor  HaH, 
Belfast,  Principal  Sir  A.  W.  Riicker,  M.A.,  D.Sc,  F.R.8.,  resigned  the 
office  o£  Pi*esident  to  Professor  James  Dewar,  M.A.,  LL.D.,  D.Sc,  F.ILS., 
irlio  took  the  CSiiuiy  and  ddivmd  am  Addrav,  for  wlaA  me  page  Z, 

On  Tfaunday,  Septemtor  11,  ait  8  p.m.,  a  19oiM»  took  plaoe  im  the 
Exhibitiifti  Halt 

On  Friday,  September  12,  at  8.30  P.M.,  in  'tlie  Grosvenor  Hall,  Pro- 
fessor J.  J.  Tlionison,  delivered  a  Disoourae  on  *£ecqiieral  Bays 

and  Radio-activity.' 

On  Monday,  September  In,  at  8.30  p.m.,  in  the  GroKvenor  Hall, 
Professor  W.  F.  R,  Weldon,  F.R,S.,  delivered  a  Discourse  on  *  In- 
heritance.' 

On  Tuesday  September  16,  at  8  p.m.,  a  Beirfe  took  plaoe  «t  tlie 
Harbour  Office. 

On  Wednesday,  September  17, *t  2.30  p.m.,  in  Queen *8  College,  the  con- 
cluding Qeneral  Meeting  took  plaoe^  -v/hen  the  ProceedmgB  of  liie  Oeneral 
Committee  and  the Oraate  ni  Money  iat  Scientific  Parposes  were  ocplaiDed 

to  the  Menjbers. 

The  Meeting  was  then  adjourned  to  Houthport.  [The  Meeting  is 
appointed  to  commence  on  Wednesday,  September  9,  1003.] 
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The  members  of  an  Association  whose  studies  involve  perpetual  con- 
templation of  settled  law  ami  ordered  evolution,  whose  objects  are  to 
seek  patiently  for  the  truth  of  things  and  to  extend  the  dominion  of  man 
over  the  forces  of  nature,  are  even  more  deeply  pledged  than  other  men 
to  loyalty  to  the  Crown  and  the  Constitution  wliich  procure  for  them  the 
essential  conditions  of  c^ilni  security  and  social  stability.  I  am  confident 
that  I  express  the  sentiments  of  all  now  before  me  when  I  say  that  to 
oar  loyal  respect  for  his  high  office  we  add  a  warmer  feeling  of  loyalty  and 
attachment  to  the  person  of  our  Gracious  Sovereign.  It  is  the  peculiar 
felicity  of  the  British  Association  that,  since  its  foundation  seventy-one 
years  ago,  it  has  always  been  easy  and  natural  to  cherish  both  these  senti- 
ments, which  indeed  can  never  be  dissociated  without  peril.  At  this,  our 
second  meeting  held  under  the  present  reign,  these  sentiments  are  realised 
all  the  more  vividly,  because,  in  common  with  the  whole  empire,  wo  have 
re<^ntly  passed  through  a  period  of  acute  apprehension,  followed  by  the 
upUfting  of  a  national  deliverance.  The  splendid  and  imposing  coronation 
ceremony  which  took  place  just  a  month  ago  was  rendered  doubly 
impressive  both  for  the  King  and  his  people  by  the  universal  conscious- 
ness that  it  was  also  a  service  of  thanksgiving  for  escape  from  imminent 
p^ril.  In  otleriniij  to  His  Majesty  our  most  hearty  congratulations  upon 
his  siniTularly  rapid  recovery  from  a  dangerous  illness,  we  rejoice  to  think 
tliat  the  nation  has  received  gratifying  evidence  of  the  vigour  of  his 
constitution,  and  may,  with  confidence  more  assured  than  before,  pray 
that  ho  may  have  length  of  happy  and  prosperous  days.  No  one  in  his 
>Mde  dominions  is  more  competent  than  the  Kini:,'  to  realise  how  much  he 
owes,  not  only  to  the  skill  of  his  surgeons,  but  also  to  the  equipment 
^  hich  has  been  placed  in  their  hands  as  the  combined  result  of  scientific 
investigation  in  many  and  diverse  directions.  He  has  already  displayed 
a  profound  and  sagacious  interest  in  the  discovery  of  methods  for  dealing 
^th  some  of  the  most  intractable  maladies  that  still  baffle  scientific 
penetration  ;  nor  can  we  doubt  that  this  interest  extends  to  other  forms 
of  Mientific  investigation,  more  directly  connected  with  the  amelioration 
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of  the  lot  of  the  healthy  than  with  the  relief  of  the  sick.  Heredity 
imposes  obligations  and  Jilso  confers  aptitude  for  their  discharge.  If 
His  Majesty's  royal  niotlier  throughout  her  long  and  bcneticent  reign 
set  him  a  splendid  example  of  df^'otion  to  the  burdensome  labours  of  '. 
State  which  must  necessarily  absorb  the  chief  part  of  his  energies, 
his  father  no  less  clearly  indicated  the  great  part  he  may  play  in 
the  encouragement  of  science.     Intelligent  appreciation  of   scientific  . 
work  and  needs  is  not  less  but  more  necessary  in  the  highest  quarters  I 
to-day  than  it  was  forty-throe  years  ago,  when  His  Royal  Highness 
the  Prince  Consort   brought  the  matter  before  this  Association  in 
the  following  memorable  passage  in  his  Presidential  Address  :  *  We 
may  he  jastifiedy  however,  in  hoping  that  by  the  gradual  diffiiaion  of 
•dence  and  its  increasing  recognition  as  a  principal  part  of  onr  national 
education,  the  public  in  general,  no  less  than  the  legislature  and  the 
States  will  more  and  more  recognise  the  claims  of  science  to  their  atten* 
tion  ;  80  that  it  may  no  longer  require  the  begging  box,  but  speak  to  the 
State  like  a  favonred  child  to  its  parent^  anre  of  his  paternal  solicitude 
for  its  welfare ;  that  the  State  will  recognise  in  science  one  of  its 
elements  of  strength  and  prosperity,  to  protect  which  the  clearest  dictates 
of  self-interest  demand.'   Had  this  advice  been  seriously  taken  to  heart 
and  acted  upon  by  the  mlers  of  the  nation  at  the  time,  what  splendid 
results  would  have  accrued  to  this  countiy  t   We  should  not  now  be 
painfully  groping  in  the  dark  after  a  system  of  national  education.  We 
should  not  be  wasting  money,  and  time  more  valuable  than  money,  in 
buikling  imitations  of  foreign  educational  superstruetures  before  having 
put  in  solid  foundations.   We  should  not  be  hurriedly  and  distractedly 
casting  about  for  a  system  of  tactics  after  confrontation  with  the  dis> 
ciplined  and  co-ordinated  foroes  of  industry  and  science  led  and  directed 
by  the  mlers  of  powerful  States,  Forty-three  years  ago  we  should  have 
'started  lair  had  the  Prince  Consort's  views  prevailed.   As  it  is,  we  have 
lost  ground  whioh  it  will  tax  even  this  nation's  splendid  reserves  of 
'individual  initiative  to  recover.   Although  in  this  country  the  king 
rules,  but  does  not  govern,  the  Constitution  and  the  structure  of  English 
society  assure  to  him  a  very  potent  and  far-reaching  influence  npon 
those  who  do  govern.   It  is  hardly  possible  to  overrate  the  benefits  that 
may  accrue  from  hia  intelligent  and  omittnuons  interest  in  the  great 
problem  of  transforming  his  people  into  a  scientifically  educated  nation. 
From  this  point  of  view  we  may  congratulate  ourselves  that  the  heir  to 
the  Crown,  following  his  family  traditions,  has  already  deduced  from  his  • 
own  observations  in  different  parts  of  the  empire  some  very  sound  and 
valuable  conclusions  as  to  the  national  needs  at  the  present  day. 

Orifithr—eUbert'-Comu—Abd. 

The  saddest  yet  the  most  sacred  duty  falling  to  us  on  such  an  occasion 
as  the  present  is  to  pay  our  tribute  to  the  memory  of  old  comrades  and 
fellow- workers  whom  we  shall  meet  no  more.    Wo  miss  to-day  a  ligure 
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that  has  been  familiar,  conspicuous,  and  always  congenial  at  the  meetings 
of  the  British  Association  during'  the  last  forty  years.  Throu;;hout  the 
greater  part  of  that  period  Mr  (ieor^e  Giitlith  discliarged  the  onerous 
acd  often  delicate  duties  of  the  assistant  general  secretary,  not  only  with 
conscientious  thoroughness  and  great  ability,  but  also  with  urbanity,  tact, 
and  courtesy  that  endeared  him  to  all.  His  years  sat  liglitly  upon  him, 
and  his  undiminished  alertness  and  vigour  caused  his  sudden  death  to 
t-ome  upon  us  all  with  a  shock  of  surprise  as  well  as  of  pain  and  grief. 
The  British  Association  owes  him  a  debt  of  gratitude  which  must  be  so 
fully  realised  by  every  regular  attender  of  our  meetings  that  no  poor 
vords  of  mine  are  needed  to  quicken  your  sense  of  loss,  or  to  odd  to  thu 
poignancy  of  your  regret. 

The  British  Association  has  to  deplore  the  loss  from  among  us  of  Sir 
Joseph  Gilbert,  a  veteran  who  continued  to  the  end  of  a  long  life  to 
pursue  his  important  and  beneticent  researches  with  untiring  energy. 
The  length  of  his  services  in  the  cjiuse  of  science  cannot  be  better  indi- 
•  atei  than  by  recalling  the  fact  that  he  was  one  of  the  six  past  Presidents 
i'' resting  fifty  years*  memliership  whose  jubilee  was  celebratetl  by  the 
Ch^-inical  Society  in  1898.  He  was  in  fact  an  active  member  of  that 
Society  for  over  sixty  years.  Early  in  his  career  he  devoted  himself  to  a 
raost  important  but  at  that  time  little  cultivated  field  of  research.  He 
strove  with  conspicuous  success  to  place  the  oldest  of  industries  on  a 
scientitic  basis,  "and  to  submit  the  complex  conditions  of  agriculture  to  a 
systematic  analysis.  He  studied  the  physiology  of  plant  life  in  the  open 
air,  not  with  the  object  of  penetrating  the  secrets  of  structure,  but  with 
the  more  directly  utilitarian  aim  of  establishing  the  conditions  of  success- 
ful and  protitable  cultivation.  By  a  long  series  of  experiments  alike  well 
njnceived  and  laboriously  carried  oat,  he  determined  the  etTects  of  varia* 
Uon  in  soil,  and  its  chemical  ti-eatinont  in  short,  in  all  the  unknown 
factors  with  which  the  farmer  jueviously  had  to  deal  according  to 
empirical  and  local  rules,  roughly  deduced  from  undigested  experi- 
*;QCf  hy  uncritical  and  rudimentary  processes  of  inference.  Gilbert  had 
the  faith,  the  insight,  and  the  courage  to  devote  his  life  to  an  investi- 
.ration  so  difficult,  so  unpromising,  and  so  unlikely  to  bring  tiie  rich 
rewards  attainable  by  equal  diligence  in  other  directions,  as  to  offer  no 
attraction  to  the  majority  of  men.  The  tabulated  results  of  the  Rotham- 
cted  experiments  remain  as  a  benefaction  to  mankind  and  a  monument 
9t  imlomitahle  and  disinterested  perseverance. 

It  is  impossible  for  nie  in  this  place  to  offer  more  than  the  barest 
indication  of  the  great  place  in  contemporary  science  that  has  been 
▼Acated  by  tlie  lamented  death  of  Professor  Alfred  Comu,  who  so  worthily 
vpheld  the  best  traditions  of  scientific  France.  He  was  gifted  in  a  high 
degree  with  the  intellectual  lucidity,  the  mastery  of  form,  and  the  perspicuous 
■Mtbod  which  characterise  the  best  exponents  of  French  thought  in  all 
^icptrtments  of  study.  After  a  brilliant  career  os  a  student,  he  was 
chosen  at  the  eariy  age  of  twenty-six  to  611  one  o£  the  enviable  positions 
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more  nameroas  in  Paris  than  in  London,  the  Profeasonliip  of  Physics  at 

the  ^kcole  Polytechnique.  In  that  post,  which  he  occupied  to  the  end  of 
his  life,  he  foand  what  is  probably  the  ideal  combination  for  a  man  of 
science — leisure  and  material  equipment  for  original  research,  together 
with  that  close  and  stiimilating  contact  with  practical  affairs  afforded  by 
his  duties  as  teacher  in  a  i,'rcal  school,  almost  r inking  Jiii  a  department  of 
State.  Cornu  was  admirable  alike  in  the  use  he  made  of  his  opportuni- 
ties and  in  his  manner  of  dischargini,'  his  <luties.  He  was  at  once  a  great 
investigator  and  a  great  teacher.  I  shall  not  even  attempt  a  suuimary, 
which  at  the  best  nmst  he  very  imperfect,  of  his  brilliant  achievements  in 
optics,  the  study  of  his  predilection,  in  electricity,  in  acoustics,  and  in  the 
field  of  physics  generally.  As  a  proof  of  the  great  estimation  in  which  he 
was  held,  it  is  sufficient  to  remind  you  that  he  had  filled  the  highest  presi- 
dential offices  in  French  scientific  societies,  and  that  he  was  a  forei<;n 
member  of  our  Royal  Society  and  a  recipient  of  its  Rumford  medal.  In 
this  country  he  liad  many  friends,  attracted  no  less  by  his  personal  .'ind 
social  qualities  than  by  his  commanding  abilities.  Some  of  those  liorf* 
present  may  remember  his  appearance  a  few  years  ago  at  tlie  Royal 
Institution,  and  more  recently  his  delivery  of  the  Rede  Lecture  at  Cam- 
bridge, when  the  University  coiiferrefl  upon  him  the  honorary  degree  of 
Doctor  of  Science.  His  death  has  infficted  a  heavy  blow  upon  onr 
generation,  upon  France,  and  upon  the  world. 

[Since  this  address  was  written  the  Association  has  suffered  a  grievous 
loss  through  the  sudden  death  of  Sir  Frederick  Abel,  a  past  President 
and  one  of  the  most  representative  and  successful  chemists  of  his  genera- 
tion. A  distinguished  pupil  of  Hoffmann,  his  early  work  was  directed 
to  the  study  of  organic  chemistry.  His  appointment  as  Chemist  to  the 
War  Office  at  an  early  stage  in  his  career  directed  his  attention  almost 
exclusively  to  problems  dealing  with  the  application  of  chemistry  to 
navat  and  military  questions  ;  a  department  of  knowledge  with  which  bis 
name  will  always  be  identified.  His  researches  on  nitro-cellttlose^  detons- 
tion,  and  the  historj  of  explosive  agents,  contain  many  new  and  startling^ 
observations  on  the  stability  and  utility  of  such  agents  for  tlie  purposes 
of  war.  His  investigation,  in  association  with  Sir  Andrew  Noble,  of  the 
products  of  the  decomposition  of  fired  gunpowder  has  long  been  regarded 
as  a  classic.  He  had  the  satisfaction  of  living  through  the  age.  of  gun- 
powder, and  of  seeing  those  nitro>compounds  of  his  earlier  studies 
employed  08  smokeless  propulsive  agents.  In  contributing  to  our  know- 
ledge of  the  cause  and  prevention  of  colliery  explosions  and  in  devising  a 
reliable  flash-test  for  the  examination  of  petroleum  he  did  great  public 
service.  Further  he  made  valuable  contributions  to  the  study  of  metal- 
lurgy, especially  as  regards  the  condition  of  the  carbon  in  steel.  We  also 
owe  to  him  a  debt  of  gratitude  for  services  rendered  to  sdentific  societies 
and  to  the  cause  of  scientific  education.  His  loss  makes  a  serious  vacancy 
in  the  ranks  of  English  chemists.] 
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Tht  Pro^ren  of  Jk^fast* 

A  great  man  has  observed  that  the  'intelUgent  antidpattoa  of 
efents  befoie  they  occur '  is  a  fsctor  of  some  importonoe  in  homan  afllurs. 
One  may  suppose  that  tntelligeiit  anticipation  had  something  to  do  with 
the  choice  of  Bel&st  as  the  meeting-place  of  the  British  Association  this 
jear.  Or,  if  it  had  not,  then  it  must  be  admitted  that  circumstances  have 
cQDSpsrsd,  as  they  occasiooaUy  do^  to  render  the  actual  selection  peculiarly 
felicitoiis.  Bel&st  has  perennial  daims,  of  a  kind  that  cannot  easUy  be 
sopassed,  to  be  the  sceoe  of  a  great  scientific  gathering— claims  founded 
upon  its  scientific  tesditious  and  upon  the  conspicuous  energy  and  success 
with  which  its  citizens  have  prosecuted  in  varicus  direoticns  the  applica- 
tion of  seience  to  the  purposes  of  life.  It  is  but  the  other  day  that  the 
whole  nation  deplored  at  the  grave  of  Lord  Buflforin  the  loss  of  one  of 
the  most  distingmshed  and  most  versatile  publio  servants  of  the  age. 
That  groat  statesman  and  near  neighbour  of  Belfast  was  a  typical 
dpression  of  the  qualities  and  the  spirit  which  have  made  Belfast  what  it 
ifl^  and  have  enabled  Ireland,  in  spite  of  all  drawbacks,  to  play  a  great  part 
in  the  Empire.  I  look  round  on  your  thriving  and  progressive  city 
giving  evidence  of  an  enonnous  aggregate  of  industrial  efforts  intelligently 
otgsidsed  and  directed  for  the  building  up  of  a  sound  social  fabric.  I  find 
that  your  great  industries  are  interlinked  aiid  interwoven  with  the^whole 
economic  temewmrk  of  the  Empire,  and  that  you  are  silently  and  irre- 
ostibly  compelled  to  harmonious  co-opemtion  by  practical  considerations 
acting  upon  the  whole  community.  It  is  here  thiat  I  look  for  the  real 
Ireland,  the  Ireland  of  the  future.  We  cannot  trace  with  precision  the 
laws  that  gown  the  appearance  of  eminent  m«i,  but  we  may  at  least 
learn  from  histoiy  that  they  do  not  spring  from  every  soil.  Ihey  do  not 
appear  among  decadent  races  or  in  ages  of  retrogression.  Xhey  are  the 
fine  flower  of  tiie  practical  intellect  of  the  nation  working  studiously  and 
patiently  in  accordance  with  the  great  laws  of  conduct.  In  the  manifold 
activities  of  Belfut  we  have  a  splendid  manifestation  of  individual  energy 
working  necessarily,  even  if  not  altogether  consciously,  for  the  national 
good.  In  great  Irishmen  like  Lord  Dufferin  and  Lord  Rol>erts,  giving 
their  best  energies  for  the  defence  of  the  nation  by  diplomacy  or  by  war, 
we  have  complementary  evidence  enough  to  reassure  the  most  timid  con- 
cerning the  real  direction  of  Irish  energies  and  the  vital  nature  of  Irish 
solidarity  with  the  rest  of  the  Empire. 

Belfast  lias  played  a  prumineot  part  in  a  traii->action  of  a  somewhat 
special  and  significant  kind,  which  has  proved  not  a  little  confusing  and 
startling  to  the  easy  going  public.  The  significance  of  the  shipping  com- 
binati'.n  lies  in  the  ligiit  it  throws  on  the  conditiuns  and  tendencies  wliich 
make  auch  things  possible,  if  not  even  inevitable.  It  is  an  event  forciV)ly 
illustrating  the  (kclanition  of  ilis  Koyal  IJiglmess  the  Princ*-  of  Wales, 
that  the  nation  must  '  wake  up  if  it  })()|)cs  to  face  its  growing  responsi- 
bilities.   Belfast  may  plead  with  some  justice  that  it,  at  least,  has  never 
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^one  to  sleep.  In  various  (lirrctiotis  an  immense  advance  lias  been 
effected  during  the  twenty  eight  years  tliat  ha\  c  cJapsed  since  the  last 
visit  of  the  Britif^h  Association,  l^elfast  lias  become  first  a  city  and  then 
a  county,  and  now  ranks  as  one  of  the  eight  largest  cities  in  the  Unit<*d 
Kingdom.  Its  municipal  area  has  been  considerably  extended,  and  its 
population  has  increased  by  bomething  like  75  per  oent.  It  has  not  only 
been  extended,  but  improved  and  beautified  in  «  manner  which  very 
few  places  can  match,  and  which  probably  none  can  surpass.  Fine  new 
thorougbfareO)  adorned  with  admirable  public  institutions,  have  been  run 
through  areas  once  covered  with  crowded  and  squalid  buildings.  Com- 
pared with  the  early  fifties,  when  iron  shipbuilding  was  b^gon  on  a  very 
modest  scale,  the  customs  collected  at  the  port  have  increased  tenfold. 
Since  the  introduction  of  the  power-loom,  about  1850,  Belfast  has  dia* 
tanced  all  rivals  in  the  linen  industry,  which  continues  to  flourish  not- 
withstanding the  fact  that  most  of  the  raw  material  is  now  imported, 
instead  of  being  produced,  as  in  former  times,  in  Ulster.  Extensive 
iroprovements  have  been  carried  out  in  the  port  at  a  cost  of  aeveral 
millions,  and  have  been  fully  justified  by  a  very  great  expansion  of  trade. 
These  few  bare  facts  suffice  to  indicate  broadly  the  immense  strides  taken 
by  Belfast  in  the  last  two  decades.  For  an  Association  that  exista  for 
the  adTsncement  of  science  it  is  stimulating  and  encouraging  to  find  itself 
in  the  midst  of  a  rigorous  community,  successfully  applying  knowledge  to 
the  ultimate  purpose  of  all  human  eflbrt^  the  amelioration  of  the  commoD 
lot  by  an  everoincreasing  mastery  of  the  powers  and  resources  of  Nature. 


TffndaU  and  £voluiian. 

The  Presidential  Address  delivered  by  Tyndall  in  this  city  twenty- 
eight  years  ago  will  always  rank  as  an  epoch-making  deliveranca  Of  all 
the  men  of  the  time,  Tyndall  was  one  of  the  best  equipped  for  the 
presentation  of  a  vast  and  complicated  sdenttfic  subject  to  the  maaa  of 
his  felbw-men.  Oiftod  with  the  powers  of  a  many-sided  original  investi- 
gator, he  had  at  the  same  time  devoted  much  of  his  time  to  an  earnest 
study  of  philosophy,  and  his  literary  and  oratorical  powers,  coupled  with 
a  fine  poetic  instinct,  were  qualifications  which  placed  him  in  the  front 
rank  of  the  scientific  representatives  of  the  later  Victorian  epoch,  and 
constituted  him  an  exceptionally  oiulowed  exponent  of  scientific  thought. 
In  the  Belfast  discoui  se  Tvndall  dealt  with  the  changing  aspects  of  the 
long  unsettled  hori/on  of  human  thought,  at  last  illiuninated  by  the 
sunrise  of  the  doctrine  of  evolution.  The  consummate  art  w  ith  which  he 
marshalled  his  scientific  forces  for  the  purpose  of  efiVcting  conviction  of 
the  general  truth  of  the  doctrine  has  rarely  been  surjmssed.  The  courafj^e, 
the  lucidity,  the  grasp  of  principles,  the  innnil  enthusiasm  with  which  he 
treated  his  great  theme,  have  powerfully  aided  in  effectintj  a  great 
Intellectual  conquest,  and  the  victory  assuredly  ought  to  engender  no 
regrets. 
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TynJall's  views  as  ii  sti-enuous  supporter  and  believer  in  the  tlieory  of 
evolution  were  naturally  essentially  optimistic.  Jle  had  no  sympathy 
with  the  lui;ul)rious  fxjasi miotic  philosophy  wlio^e  disciples  are  for  ever 
intent  on  administering  rebuke  to  scientific  workers  by  reminding  them 
that,  however  much  knowledge  man  may  have  acquired,  it  is  as  nothing 
compared  with  the  immensity  of  his  ignorance.  That  truth  is  indeed 
Dftver  adequately  realised  except  by  the  man  of  science,  to  whom  it  is 
brought  honie  by  repeated  experience  of  the  fact  that  his  most  promising 
excursions  into  the  unknown  are  invariably  terminated  by  barriers  which, 
for  the  time  at  least,  are  insurmountable.  He  who  has  never  made  such 
excui-sions  wiih  patient  labour  may  indeed  prattle  about  the  vastness  of 
the  unknown,  but  he  does  so  without  real  sincerity  or  intimate  conviction. 
His  tacit,  if  not  his  avowed,  contention  is,  that  since  we  can  never  know 
al[  it  is  not  worth  while  to  seek  to  know  more  ;  and  that  in  the  profundity 
of  his  ignorance  he  has  the  right  to  people  the  unexplored  spaces  with  the 
phantoms  of  his  vain  imagining.  The  man  of  science,  on  tlie  contrary, 
finds  in  the  extent  of  his  ignorance  a  perpetual  incentive  to  further 
exertion,  and  in  the  mysteries  tliat  surround  him  a  continual  invitation, 
nay,  more,  an  inexorable  mandate.  Tyndall's  writings  abundantly  prove 
that  lie  had  faced  the  great  problems  of  man's  existence  with  that  calm 
intellectual  courage,  the  lack  of  which  goes  very  far  to  explain  the  nervoui 
dogmatism  of  nescience.  Just  because  be  had  done  this,  l>ecause  he  had, 
as  it  were,  mapped  out  the  boundarias  between  wh&t  is  knowable  though 
not  yet  known  and  what  must  remain  for  ever  unknowable  to  man,  he 
did  not  hesitate  to  place  implicit  reliance  on  the  progress  of  which  man  is 
capable,  through  the  exercise  of  patient  and  persistent  research.  In 
Tyndall  s  scheme  of  thought  the  chief  dicta  were  the  strict  division  of  the 
world  of  knowledge  from  that  of  emotion,  and  the  lifting  of  life  by 
throwing  overboard  the  malign  residuum  of  dogmatism,  fanaticism,  and 
intolerance,  thereby  stimulating  and  nourishing  a  plastic  vigour  of  intellect. 
His  cry  was  '  Commotion  before  stagoation,  the  leap  of  the  torrent  before 
the  stillness  of  the  swamp.' 

His  successors  have  no  longer  any  need  to  repeat  those  significant 
words,  *  We  claim  and  we  shall  wrest  from  theology  the  entire  domain  of 
cosmological  theory.'  The  claim  has  been  practically,  though  often 
QQconsciously,  conceded.  Tyndall's  dictum,  '  Every  system  must  be  plastic 
to  the  extent  that  the  growth  of  knowledge  demands,'  struck  a  note  that 
was  too  often  absent  from  the  heated  discassions  of  days  that  now  seem  so 
ttnngely  remote.  His  honourable  admission  that,  after  all  that  had  been 
aeblaved  by  the  develojimental  theory,  *the  whole  process  of  evolution  is 
die  manifestation  of  a  power  absolutely  inscrutable  to  the  intellect  of 
man,'  shows  how  willingly  he  acknowledged  the  necessary  limits  of 
•cienti6c  inquiry.  This  reservation  did  not  prevent  him  from  expmsing 
tile  oonvictioD  forced  upon  him  by  the  preisnre  of  intellectual  necessity, 
after  exhaustive  consideration  of  the  known  relations  of  living  things, 
that  matter  in  itself  most  be  regarded  as  ccmtaining  the  promise  and 
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potency  of  all  terrestrial  life.    Bacon  in  his  day  said  very  much  the  sanie 
tliini;  :  '  He  that  will  know  the  properties  and  proceedings  of  matter 
bliuuld  comprehend  in  his  understanding  the  sum  of  all  things,  which 
have  been,  which  are,  and  which  shall  be,  although  no  knowledge  can 
extend  so  far  as  to  singular  and  indi\  idual  beings.'    Tyndall  s  conclusion 
was  at  the  time  thought  to  he  l)a.sed  on  a  too  insecure  projection  into  the 
unknown,  and  some  even  regarded  such  an  expansion  of  the  crude 
properties  of  matter  as  totally  unwarranted.    Yet  Tyndall  was  certainly 
no  materialist  in  the  ordinary  acceptation  of  the  term.    It  is  true  his 
arguments,  like  all  arguments,  were  capable  of  being  distorted,  especially 
when  taken  out  of  their  eontext,  and  the  address  became  id  this  way  aa 
easy  prey  for  hostile  criticism.    The  glowing  rhetoric  tliat  £;nve  charm  to 
his  discourse  and  the  poetic  similes  that  clothed  the  dry  bones  of  his  close* 
woven  logic  were  attacked  by  a  veritable  broadside  ot  critical  artillery. 
At  the  present  day  these  would  be  considered  as  only  appropriate 
artistic  embellishments,  so  great  is  the  unconscious  change  wrought  in  oar 
surroundings.    It  must  be  remembered  that,  while  Tyndall  discusji>ed  the 
evolutionary  problem  from  many  points  of  view,  he  took  up  the  position 
of  a  practical  disciple  of  Nature  dealing  with  the  known  ezperimcntad  and 
observational  realities  of  physicsl  inquiry.  Thus  he  accepted  as  fundamental 
concepts  the  atomic  theory,  together  with  the  cspadty  of  the  atom  to 
be  the  v^cle  or  repository  of  energy,  and  the  grand  generalisation  of  the 
conservation  of  eneigy.   Without  the  fdrmer,  Tyndall  doubted  whether  it 
would  be  possible  to  frame  a  theory  of  the  material  universe ;  and  as  to 
the  latter  he  recognised  its  radicsl  signiiiosnce  in  that  tiie  ultimate 
philosophical  issues  therein  involved  were  as  yet  but  dimly  seen.  That  s«oh 
generalisations  are  provisionally  accepted  does  not  mean  that  science  is 
not  alive  to  the  possibUity  that  what  may  now  be  regarded  as  fundamental 
may  in  future  be  superseded  or  absorbed  by  a  wider  genendisation.   It  is 
only  the  poverty  of  language  and  the  necessity  for  compendious  expression 
that  oblige  the  man  of  science  to  resort  to  metaphor  uid  to  speak  of  the 
Laws  of  Nature.   In  reality,  he  does  not  pretend  to  formulate  any  laws 
for  Nature,  since  to  do  so  would  be  to  assume  a  knowledge  of  the  ittscm- 
table  cause  from  which  alone  such  laws  could  emanate.   When  he  speake 
of  a  *  law  of  Nature'  he  simply  indicates  a  sequence  of  events  which,  so  far 
as  his  experience  goes,  is  invariable,  and  which  therefore  enaV>les  him  to 
predict,  to  a  certain  extent,  what  will  happen  in  given  circumstances. 
But,  however  seemingly  bold  may  be  the  speculation  in  which  he  permits 
liiiii'^flf  to  indulge,  he  doe.s  not  claim  for  his  best  liypothesis  more  than 
provisional  vulidity.     lie  docs  not  forgot  that  to-morrow  may  liring  a  new 
ex}»«  rit  ncc  conqjcUing  him  to  recjist  the  hypothesis  of  to-day.    This  plas- 
ticity of  scientific  thought,  depending  upon  reverent  recognition  of  the 
vastness  of  the  unknown,  is  oddly  made  a  matter  of  reproach  by  the  very 
people  who  harp  upon  the  limitations  of  human  knowledge.    Yet  the 
essential  condition  of  progress  is  that  we  should  generalise  to  the  best  of 
our  ability  from  the  experience  at  command,  treat  our  theory  as  provi- 
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sionally  true,  endeavour  to  the  best  of  our  powor  to  reconcile  with  it  nil 
the  new  facts  we  discover,  and  abandon  or  modify  it  when  it  ceases  to 
affoffl  a  coherent  explanation  of  new  experience.     That  procedure  isi 
far  as  are  the  i>oles  asunder  from  the  presumptuous  attempt  to  tra%el 
bevond  the  studv  of  socondarv  causes.    Any  discussion  as  to  whether 
matter  or  energy  wtis  the  true  reality  would  liave  appeared  to  Tyndnll  as 
a  futile  metaphysical  disputation,  which,  being  completely  dissociated  from 
Teritied  experience,  wnnid  lead  to  nothing.    No  explanation  was  attempted 
by  him  of  the  origin  of  the  bodies  we  call  elements;,  nor  how  some  of  such 
bcxlies  came  to  be  coTiiponndod  into  complex  groupinirs  and  built  \\\)  into 
special  structures  with  which,  so  fat  as  we  know,  the  jihcnonima  charat- 
teristic  of  life  are  invariably  associated.    The  evolutionary  doctrine  leads 
us  CO  the  conclusion  that  life,  such  as  we  know  it,  has  oidy  been  }>ossihlo 
daring  a  short  period  of  the  world's  history,  and  seems  equally  destined  to 
disappear  in  the  remote  future  ;  but  it  postulates  the  existence  of  a 
material  universe  endowed  with  an  infinity  of  powers  and  properties,  the 
origin  of  which  it  does  not  pretend  to  account  for.    The  enigma  at  both 
cods  of  the  scale  Tyndall  ;idmitted,  and  the  futility  of  attempting  to 
answer  such  questions  he  fully  recognised.    Nevertheless,  Tyndall  did  not 
mean  that  the  man  of  science  should  be  debarnul  from  speculating  as  to  the 
possible  nature  of  the  simplest  fornns  of  matter  or  the  mode  in  which  life  may 
have  originated  on  this  planet.    Lord  Kelvin,  !o  his  Presidential  Address, 
put  the  position  admirably  when  he  said  '  Science  is  bound  by  the  ever- 
kstiDg  law  of  honour  to  face  fearlessly  every  problem  that  can  fairljp  be 
presented  to  it.    If  a  probable  solution  consistent  with  the  ordinary  course 
of  N&ture  can  be  found,  we  must  not  invoke  an  abnormal  act  of  Creative 
Power ' ;  and  in  illustration  he  forthwith  proceeded  to  express  his  oonyic- 
tion  that  from  time  immemorial  many  worlds  of  life  lx?sides  our  own  have 
existed,  and  that  '  it  is  not  an  unscientific  hypothesis  that  life  originated 
on  this  earth  through  the  moss-grown  fragments  from  the  ruins  of  another 
world.'    In  spite  of  the  great  progress  made  in  scicnoe,  it  is  curious  to 
ootioe  the  occasional  recrudescence  of  metaphysical  dogma.    For  instance, 
there  is  a  school  which  does  not  hesitate  to  revive  ancient  mystifications 
io  order  to  show  that  matter  and  energy  can  be  shattered  by  philosophical 
iigumentB,  and  have  no  objective  reality.    iScienoe  is  at  once  more  humble 
sod  more  reverent.    She  confesses  her  ignorance  of  the  ultimate  nature 
of  matter,  of  the  ultimate  nature  of  energy,  and  still  more  of  the  origin 
sad  ultimate  synthesis  of  the  two.    8he  is  content  with  her  patient  inves- 
tigation of  secondary  causes,  and  glad  to  know  that  since  Tyndall  spoke  in 
Belfast  she  has  made  great  additions  to  the  knowledge  of  general  mole 
colar  mechanism,  and  especially  of  synthetic  artifice  in  the  domain  of 
organic  chemistry,  though  the  more  exhaustive  ac(|uaintance  gained  only 
fofoea  us  the  more  to  acquiesce  in  acknowledging  the  inscrutable  mystery 
of  matter.   Our  concep^on  of  the  power  and  potency  of  matter  has  grown 
io  little  more  than  a  quarter  of  a  century  to  much  more  imposing  dimen- 
iMms,  and  the  outlodL  for  the  future  assuredly  suggests  the  increasing 
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aooeleratioii  of  oar  nte  of  progress.  For  the  impetiis  he  gave  to  scientifio 
work  and  thought,  and  for  his  fine  series  of  researches  chiefly  directed  to 
what  Newton  called  the  more  secret  and  noble  works  of  Natore  within 
the  corpuseiiles,  the  world  owes  ^ndall  a  deht  of  gratttodeb  It  is  well 
that  his  memory  should  be  held  in  perennial  respeoti  espeeiaUy  in  the  land 
of  his  birth. 

The  Endowmenit  qf  Education, 

These  are  days  of  munificent  benofiMtions  to  sdenoe  and  edacation, 
which  however  are  greater  and  more  nnmeroos  in  other  oonntriee 
than  in  our  own.  Splendid  as  thej  are^  it  may  be  doubted,  if  we 
take  into  aooount  the  ebaage  in  the  Talne  of  money,  the  enormoos 
increase  of  population,  and  the  utility  of  sdenoe  to  the  builders  of  colossal 
fortunes,  wheUier  they  bear  comparison  with  the  efforts  of  earlier  days. 
But  the  habit  of  endowing  science  was  so  long  in  practical  abeyance  that 
every  evidence  of  its  resumption  is  matter  for  stnoere  congratulation. 
Mr.  Cecil  Bhodes  has  dedicated  a  very  large  sum  of  money  to  the  advance- 
ment of  education,  though  the  means  he  has  chosen  are  perhaps  not  the 
most  effectiva  It  must  be  remembered  that  his  aims  were  pditical  as 
much  as  educationaL  He  had  the  noble  and  worthy  ambition  to  promote 
enduring  friendship  between  the  great  English-spcMfd^ing  oommunitifls  of 
the  world,  and  knowing  the  strength  of  college  ties  he  conceived  that  this 
end  might  be  greatly  furthered  by  bringing  together  at  an  English  univer- 
sity the  men  who  would  presumsbly  have  much  to  do  in  later  life  with 
the  influencing  of  opinion,  or  even  with  the  direetioa  of  policy.  It  has 
been  held  by  some  a  striking  tribute  to  Oxford  that  a  man  but  little  given 
to  academic  pursuits  or  modes  of  thought  should  think  it  a  matter  of 
high  importance  to  bring  men  from  our  colonies  or  even  from  Germany, 
to  submit  to  the  formative  influences  of  that  ancient  seat  of  learning. 
But  this  is  perhaps  reading  Mr.  Rhodes  backwards.  He  showed  his 
affectionate  recollection  of  his  college  days  by  his  gift  to  Oriel.  But,  apart 
from  tlio  main  idea  of  fostering  good  relations  between  those  who  will 
presumably  be  influontial  in  England,  in  the  colonies,  and  in  the  United 
States,  Mr  Rhodes  was  probably  influenced  also  by  the  hope  that  the 
influx  of  strangers  would  help  to  broaden  Oxford  notions  and  to  procure 
revision  of  conventional  arrangements. 

Dr.  Andrew  Carnt-gie  s  endowment  of  Scottish  universities,  as  niuii- 
fied  by  him  in  deference  to  expert  advice,  is  a  more  direct  benefit  to  the 
higher  education.  For  while  Mr.  Rhodes  has  only  enabled  young  men  to 
get  wliat  Oxford  lias  to  give,  Dr.  Carnegie  haf?  also  enabled  his  trustees 
powerfully  to  augment  and  intprove  the  teaching  equipment  of  the  univer- 
sities themselves.  At  the  samt*  time  he  has  j)rovi(le(l  as  far  as  possible 
for  the  enduring  usefulness  of  his  money.  His  trustees  form  a  permanent 
body  external  to  the  universities,  which,  while  possessing  no  jiower  of 
direct  control,  must  always,  as  holder  of  the  purse  strings,  be  in  a  poNition 
to  offer  independent  and  weighty  criticisms.    More  recently  Dr.  Carnegie 
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ks  devoted  an  «qiml  ■am  of  ten  miUion  dollars  to  the  foundatioD  ol  m 
Ounegie  Inetitotioii  in  Washiogtoo.   Here  again  lie  haa  been  guided  bj 
the  eeme  ideas.   He  baa  neitber  founded  a  muTenity  nor  banded  over 
the  money  to  any  existing  uoiTersaty.  He  bas  created  a  permanent  trust 
fbirgnd  witb  tbedaty  of  watching  educational  efibrto  and  helping  them 
fnm  the  outside  according  to  the  best  judgment  that  can  be  formed  in 
tbadreumstances  of  the  moment.  Its  aims  are  to  bo^to  promote  original 
imserdi ;  to  discover  the  exceptional  man  in  every  department  d  study» 
vbether  inside  or  outside  of  the  schoob^  and  to  enable  him  to  make  his 
ipscisl  study  bis  life-work ;  to  increase  Iscilities  for  higher  education ;  to 
dd  end  stimulate  the  universities  and  other  educational  institutions ;  to 
uBst  students  who  maypreler  to  study  at  Washington  ;  and  to  ensure 
prompt  pubUcation  of  scientific  discoveries.   The  general  purpose  of  the 
founder  is  to  secure,  if  possible,  lor  the  United  States  leedership  in  the 
domsin  of  dIaeoTery  and  the  utilisation  of  new  forces  for  the  benefit  of 
man.  Kothing  will  more  powerfully  further  this  end  than  attention  to 
the  injunctioQ  to  lay  hold  of  the  exceptional  man  whenever  and  wherever 
be  may  be  found,  and,  having  got  him,  to  enable  him  to  carry  on  the  wwk 
for  which  he  seems  specially  designed.   Tliat  mean%  I  imagine,  a  scouring 
of  tlie  old  world,  as  well  as  of  the  new,  for  the  best  men  in  every  depart- 
Bent  <^  study — in  ^t,  an  assiduous  collecting  of  brains  similar  to  the  col- 
leedng  of  rare  books  and  works  of  art  which  Americans  are  now  carrying 
on  in  so  lavish  a  manner.  As  in  diplomacy  and  war,  so  in  science,  we  owe 
oar  reputation,  and  no  small  part  of  our  prosperity,  to  exceptional  men  ; 
and  that  we  do  not  enjoy  these  things  in  fuller  measure  we  owe  to  our 
lack  of  an  army  of  well-trained  ordinary  men  capable  of  utilising  their 
ideas.    Our  exceptional  men  have  too  often  worked  in  obscurity,  without 
rec»»g:iiLion  from  a  public  too  imperfectly  instructed  to  guess  at  their 
greatness,  witliout  assistance  from  a  State  governed  largely  by  dialec- 
ticians, and  without  help  from  academic  authorities  hidebound  by  tlie 
pedantries  of  medieval  schohisticism.    Fur  such  men  we  have  to  wait  upon 
the  will  of  Heaven.    Even  Dr.  Carnegie  will  not  always  find  them  when 
they  are  wanted.    ]-»ut  what  can  be  done  in  that  direction  will  be  done 
by  institutions  like  Dr.  Carnej^'ie'a,  and  for  the  benetit  of  the  nation  that 
possesses  them  in  greatest  abundance  and  uses  them  most  intelligently. 
When  contemplating  these  splendid  endowments  of  learning,  it  occurred 
tome  that  it  would  be  interesting  to  find  out  exactly  what  some  definite 
quantity  of  scientiBc  achievement  has  cost  in  hard  cash.    In  an  article 
Ijy  Carl  Snyder  in  the  January  number  of  the  'North  American  Review,' 
entitled  'America's  Inferior  Place  in  the  Scientific  World,'  I  found  the 
feiatement  that  'it  would  be  hardly  too   much   to   say  that  during 
the  hundred  years  of  its  e.xi.stence  the  Royal   Institution  alone  has 
done  more  for  English  science  than  all  of  the  English  universities  put 
together.    This  is  certainly  true  with  regard  to  British  industry,  for  it 
was  here  that  the  discoveries  of  Faraday  were  made.'  I  was  emboldened  by 
this  estimate  from  a  distant  and  impartial  observer  to  do,  what  otherwise 
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I  miglit  have  shrank  Iram  doiii|^  and  to  take  the  Royal  Institatuui — 
after  all,  the  foundation  of  an  American  citizen,  Count  Rumford— as  the 
bans  of  my  inqniiy.  The  work  done  at  the  Boyal  Institution  daring  the 
past  handled  yean  is  a  isirly  definite  quantity  in  the  mind  of  every  man 
really  conversant  with  sdentifio  afiain.  I  have  obtained  from  the  books 
aooarate  statistics  of  the  total  ezpenditore  on  experimental  inqniry  and 
public  demonstrations  for  the  whole  of  the  nineteenth  oentnry.  The 
items  are : 


In  addition,  the  members  and  friends  of  the  Institution  have  contri- 
buted to  a  fund  for  exceptional  expenditure  for  Experimental  Research  the 
sum  of  9,580/.    It  should  also  be  mentioned  that  a  Civil  List  pension  of 
liOOl,  was  granted  to  Faraday  in  1853,  and  was  continued  during  twenty-  * 
seven  years  of  active  work  and  five  years  of  retirement.  Thirty-two 
years  in  all,  at  .'>00A  a  year,  makeasam  of  9,600/ ,  representing  the  national 
donation,  which,  added  to  the  amount  of  expenditure  just  stated,  brings  up 
the  tc)tal  cost  of  a  century  of  scientific  work  in  the  laboratories  of  the 
Royal  Institution,  togetlier  with  public  demonstrations,  to  1 19,800^,  or 
an  average  of  1,200^  per  annnm.   I  think  if  you  recall  the  names  and 
achievements  of  Young,  Davy,  Faraday,  and  Tyndall,  you  will  come  to  the 
conclusion  that  the  exceptional  man  is  about  the  cheapest  of  natural 
products.    It  is  a  popular  fallacy  that  the  Royal  Institution  is  hand- 
somely  endowed.    On  the  contrary,  it  has  often  been  in  financial  straits  ; 
and  since  its  foundation  by  Count  Kumfonl  its  only  conddersble  bequests 
have  been  one  from  Thomas  G.  Hodgkinn,  an  American  citizen,  for 
lilxperimental  TU  soareh,  and  that  of  Jobti  Fuller  for  endowing  with  95(.  a 
year  the  chairs  of  Chemistry  and  Physiology.    In  this  connection  the 
Davy-Faraday  Laboratory,  fonndcd  by  the  liberality  of  Dr.  Ludwig 
Mond,  will  naturally  occur  to  many  minds*    But  though  affiliated  to  the 
Royal  Institution,  with,  I  hope,  reciprocal  indirect  advantages,  that 
laboratory  is  financially  independent  and  its  endowments  are  devoted  to 
its  own  special  purpose,  which  is  to  provide  opportunity  to  prosecute 
independent  research  for  worthy  and  approved  applicants  of  all  nationali- 
ties.  The  main  reliance  of  the  Royal  Institution  has  always  been,  and 
still  remains,  upon  the  contributions  of  its  members,  and  upon  corre- 
sponding sacrifices  in  the  form  of  time  and  labour  by  its  professors.  It 
may  be  doabted  whether  we  can  reasonably  count  apon  a  succession  of 
scientific  men  able  and  willing  to  make  sacrifices  which  the  conditions  of 
modern  life  tend  to  render  increasingly  burdensoma   Modem  science  is 
in  fact  in  something  of  a  dilemma.   Devotion  to  abstract  research  upon 
small  means  is  becoming  always  harder  to  maintain,  while  at  the  same 
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tine  tbe  nnmber  of  wealtby  iiid«peiideikt  MrchM  after  tnttli  and 
petrau  of  leienee  of  tlie  style  of  Jcnle,  Spottiswoode^  end  De  la  Rue  is 
appanntly  becoming  nialler.  Hie  InsteUatiooe  xeqnired  the  refine- 
oMnts  of  modem  adenoe  aie  eontiniwlly  becoming  more  coitlj,  so  that 
epca  all  gro«mds  it  iroiild  appear  that  without  endowments  of  the 
kind  provided  by  Dr.  Oem^gie  the  outlook  lor  dinnterested  reiearch  is 
niher  dark.  On  the  other  handt  these  endowmentSi  unless  carefnlly 
administered,  might  obviously  tend  to  impair  the  single-minded  devotioa 
to  the  aesreh  after  truth  for  its  own  sske^  to  which  science  has  owed 
almost  every  memomUe  advance  made  in  the  past  The  Carnegie 
'  Liatitste  will  dispose  in  a  year  of  as  much  money  as  the  members  of  the 
Rofsl  Institutaoitt  have  esqpended  in  a  centnry  upon  its  purely  sdentifie 
wQik.  It  will  at  least  be  interesting  to  note  how  far  the  output  of  high- 
dam  aeientifio  wotk  oorresponds  to  the  hundredfold  application  of  money 
te  its  production.  Kor  will  it  be  of  less  interest  to  the  people  of  this 
country  to  observe  the  results  obtained  from  that  moiety  of  Dr.  Osmegie's 
gift  to  Scotland  which  is  to  be  applied  to  tbe  promotion  of  scientifio 

Applied  Chemuiry^  Englitk  and  Foreign^ 

The  Diplomatic  and  Consular  reports  published  from  time  to  time  by 
the  Foreign  Office  are  usually  too  bekted  to  be  of  much  use  to  business 
men,  but  they  sometimes  contain  information  conceming  what  is  done  in 
Icreign  countries  whidi  aifords  food  for  reflection.  One  of  these  reports, 
iasQed  a  yesr  ago^  gives  a  very  good  account  of  the  Oerman  arrangements 
sad  provisions  for  scientific  training,  and  of  the  enormous  commercial 
damsiid  f6r  the  aervices  of  men  who  have  passed  aucceaafuUy  through  the 
univeraitiea  and  Technical  High  Sehoola,  aa  well  aa  of  the  wealth  that 
baa  acenied  to  Qeimany  through  the  syatematic  application  of  acieutific 
profidency  to  the  ordinary  buaineaa  of  lifet 

Taking  theae  pointa  in  their  order,  I  have  thought  it  a  matter  of  great 
mtereat  to  obtain  a  comparative  view  of  chemical  equipment  in  this 
country  and  in  Germany,  and  I  am  indebted  to  Professor  Henderson  of 
Gbigow,  who  last  year  became  the  secretary  of  a  committee  of  this 
AasMiaticn  of  udiich  Brofeaaor  Armstrong  ia  chairman,  for  statistics 
referring  to  thia  country,  which  enable  a  compariaon  to  be  broadly  made, 
fhe  author  of  the  conaular  report  eatimatea  that  in  1901  there  were 
4,500  trained  chemists  employed  in  German  works,  the  number  having  risen 
to  this  point  from  1,700  employed  twenty-five  years  earlier.  It  is  r1  i  fficult 
to  give  perfectly  accurate  figuiea  for  thia  country,  but  a  liberal  cbtiuiatc 
places  the  number  of  worica  chemiata  at  1,500,  while  at  the  very  outside 
it  cannot  be  put  higher  than  somewhere  between  1,500  and  2,000.  In 
other  words,  we  cannot  ahow  in  the  United  Kingdom,  notwithstHnding 
the  immense  range  of  the  chemical  industries  in  which  we  once  stood 
prominent,  more  than  one*third  of  the  professional  staff  emploved  in 
Germany.    It  may  perhaps  be  thought  or  hoped  that  we  uiakc  up  in 
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quality  lor  our  defect  in  qaantKy,  but  nnlbrtaiiAtely  this  is  not  the  cmae. 
On  the  oontmiy,  tlie  Germui  efaemisto  are,  on  the  average,  as  superior  in 
teohnloal  training  and  aoqnirements  as  they  are  nnmerically.   Details  are 
given  in  the  report  of  tlie  training  of  633  chemists  emph^ed  in  Gennaa 
works.  -  Of  these,  69  per  cent,  hold  the  degree  of  Fh.D.,  about  iO  per  cent, 
hold  the  diploma  of  a  Teehnical  Hif^  School,  and  about  5  per  cent,  hold  both 
qualifications.  That  is  to  say  84  per  cent,  have  received  a  thoronghij 
systematic  and  complete  diemical  training,  and  74  per  cent  of  these  add  the 
advantages  of  a  university  career.  Compare  with  this  the  information 
famished  by  600  chemists  in  British  works.   Of  these  only  21  percent,  are 
gmduates,  while  abont  10  per  cent,  hold  the  diplonia  of  a  college.   Pntting ' 
the  ease  as  high  as  we  can,  and  ignoring  the  more  practical  and  thorough 
training  of  the  Qerman  nniveraitiea,  which  give  their  degrees  for  work  dooe^ 
and  not  for  questions  asked  and  answered  on  paper,  we  have  only  3 1  per  cent 
of  systematically  trained  ebemuta  against  84  per  cent,  in  Ocman  works. 
It  ought  to  be  mentioned  that  about  2 1  per  cent,  of  the  500  are  Fellowa 
or  Associates  of  the  Institute  of  Chemistry,  whatever  that  may  amount 
to  in  practice,  but  of  these  a  very  large  number  have  already  been 
accounted  for  under  the  heads  of  graduates  and  holders  of  diplomas. 
These  liguK  s,  which  I  suspect  are  much  too  favourable  un  the  British 
side,  unmisUikably  point  to  the  prevalence  among  employers  in  this 
country  of  the  antiquated  adlierence  to  rule  of  thumb,  which  is  at  the 
root  of  much  of  the  backwardness  we  have  to  deplore.    It  hardly  needs 
to  be  pointed  out  to  such  an  audience  as  the  present  that  chemists  who 
are  neither  graduates  of  a  university,  nor  holders  of  a  diploma  from  a 
technical    college,  may  be  competent  to  carry  on  existing  processes 
accordin^^  to  traditional  methods,  hut  are  very  unlikely  to  effect  sub- 
stantial improvements,  or  to  invent  new  and  more  efficient  processes.  I 
am  very  far  from  denying  that  liere  and  there  an  individual  may  be  found 
whose  exceptional  ability  enables  him  to  triumph  over  all  defects  of 
training.    But  in  all  educational  matters  it  is  the  avera<re  man  whom  we 
have  to  consider,  and  the  average  ability  which  we  have  to  develop. 
Now,  to  take  the  second  point — the  actual  money  value  of  the  indus- 
tries carried  on  in  Germany  by  an  army  of  workers  l^oth  quantitatively 
and  qualitatively  so  superior  to  our  own.    The  Consular  report  estimates 
the  whole  value  of  German  chemical  industries  at  not  less  than  fifty 
millions  sterling  per  annum.    These  industries  have  sprang  up  within  the 
last  seventy  years,  and  have  received  enormous  expansion  during  the  last 
thirty.    They  are,  moreover,  very  largely  founded  opon  basic  discoveriea 
made  by  English  chemists,  but  never  properly  appreciated  or  scientifically 
developed  in  the  land  of  their  birth.    I  will  place  before  you  some  figures 
showing  the  growth  of  a  single  firm  engaged  in  a  single  one  of  these 
industries — the  utilisation  of  coal  tar  for  the  production  of  drugs,  per- 
fames,  and  colouring-matters  of  every  conceivable  shade.   The  firm  of 
Friedrich  Bayer  &  Co.  employed  in  1675,  1 19  workmen.   The  number 
has  more  than  doubled  itself  every  five  years,  and  in  May  of  this  year 
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that  firm  employed  5,000  workraon,  IGO  chemists,  200  engineers  and 
mechanics,  and  GSO  clerks.  For  many  y*»ars  past  it  has  regularly  paid 
18  per  cent,  on  the  ordinary  shares,  which  this  year  lias  risen  to  L'O  per 
t-ent.  ;  and  in  addition,  in  common  Nvitli  other  and  even  larger  concerns 
iiL  the  same  industry,  lias  paid  out  of  profits  for  immense  extensions 
usually  chargeil  to  capital  account.  Thei-e  is  one  of  these  factories,  the 
works  and  plant  of  which  stand  in  the  hooks  at  1,500,OOU/.,  while  tho 
money  actually  sunk  in  them  approaches  to  5,000,000/.  In  other  words, 
the  practical  monopoly  enjoyed  hy  the  German  manufacturers  enables 
them  to  exact  huge  profiU  from  the  rest  of  the  world,  and  to  establish  a 
position  which,  financially  as  well  as  scientifically,  is  almost  unassailable. 
I  must  repeat  that  the  fundamental  discoveries  upon  which  this  gigantic 
industry  is  built  were  made  in  this  country,  and  were  practically 
developed  to  a  certain  extent  by  their  authors.  But  in  spite  of  the 
abundance  and  cheapness  of  the  raw  material,  and  in  spite  of  the  evi- 
that  it  could  be  roost  remuneratively  worked  up,  these  men  founded 
school  and  had  practically  no  successors.  The  colours  they  made  were 
driven  outi  of  the  field  by  newer  and  better  colours  made  from  their  stuff 
by  the  development  of  their  ideas,  hut  these  improved  colours  were  made 
in  Germany  and  not  in  England.  Now  what  is  the  explanation  of  this 
extraordinary  and  disastrous  phenomenon  ?  I  give  it  in  a  word — want 
of  education.  We  had  the  material  in  abundance  when  other  nations 
had  comparatively  little.  We  had  the  capital,  and  we  had  the  brains,  for 
we  originated  the  whole  thing.  But  we  did  not  possess  the  diffused  edu- 
cation without  which  the  ideas  of  men  of  genius  cannot  fructify  beyond 
the  limited  scope  of  an  individuah  I  am  aware  that  our  patent  laws  are 
sometimes  held  responsible.  Well,  they  are  a  contributory  cause ;  but  it 
must  be  remembered  that  other  nations  with  patent  laws  as  protective  as 
ooold  be  desired  have  not  developed  the  colour  industry.  The  patent  laws 
have  only  contributed  in  a  secondary  degree,  and  if  the  patent  laws  have 
been  bad  the  reason  for  their  badness  is  again  want  of  education.  Make 
them  as  bad  as  you  choose,  and  you  only  prove  that  the  men  who  made 
them,  and  the  public  whom  these  men  try  to  please,  were  misled  by 
theories  instead  of  being  conversant  with  fact  and  logic.  But  the  root  of 
the  mischief  is  not  in  the  patent  laws  or  in  any  legislation  whatever. 
It  is  in  the  want  of  education  among  our  so-called  educated  classes,  and 
secondarily  among  the  workmen  on  whom  these  depend.  It  is  in  the 
abundance  of  men  of  ordinary  plodding  ability,  thoroughly  trained  and 
methodically  directed,  that  Germany  at  present  has  so  commanding  an 
advantage.  It  is  the  failure  of  our  schools  to  turn  out,  and  of  our  manu- 
laeturers  to  demand,  men  of  this  kind,  which  explains  our  loss  of  some 
valuable  industries  and  our  precarious  hold  upon  others.  Let  no  one 
imagine  for  a  moment  that  this  deficiency  can  be  remedied  by  any  amount 
of  that  technical  training  which  is  now  the  fashionable  nostrum.  It  is 
an  excellent  thing,  no  doubt,  but  it  must  rest  upon  a  foundation  of 
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men  go  to  the  technical  schools.  We  have  to  begin  at  the  beginning  :  we 
havo  to  train  the  population  fi-om  the  first  to  think  correctly  and  logical  ly, 
to  deal  at  first  hand  with  facts,  and  to  evolve,  each  one  for  himself,  the 
solution  ol  a  problem  put  before  him,  instead  of  learning  by  rote  the  solu- 
tion given  by  somebody  else.  There  are  plenty  of  chemists  turned  out, 
even  by  our  Universities,  who  would  be  of  no  use  to  Bayer  »k  Co.  They 
aro  chockfull  of  formuhe,  they  can  recite  theories,  and  they  know  text- 
books by  heart ;  but  put  them  to  solve  a  new  problem,  freshly  arisen  in 
the  laboratory,  and  you  will  tind  that  their  learning  is  all  dead.  It  has 
not  become  a  vital  part  of  their  mental  equipment^  and  they  are  floored 
bj  the  first  emei]gence  of  the  unexpected.  The  men  who  escape  this 
mental  barrenness  are  men  who  were  somehow  or  other  taught  to  think 
long  before  they  went  to  the  university.  To  my  mind,  the  n  ally  appalling 
thing  is  not  that  the  Germans  have  seized  this  or  the  othrt-  industry,  or 
even  that  they  may  have  seized  upon  a  dozen  industries.  It  is  that  the 
German  population  has  reached  a  point  of  general  training  and  specialised 
equipment  which  it  will  take  us  two  generations  of  hard  and  intelligently 
directed  educational  work  to  attain.  It  is  that  Germany  possesses  a 
national  weapon  of  precision  which  must  give  her  an  enormous  initial 
advantage  in  any  and  eveiy  contest  depending  upon  disciplined  and 
methodised  intellect. 

liisiory  of  Cohl  and  the  Absolute  Zero, 

It  was  Tyndall's  good  fortune  to  appear  before  you  at  a  moment  when 
a  fruitful  and  comprehensive  idea  was  vivifying  the  whole  domain  of 
scientific  thought.  At  the  present  time  no  such  broad  generalisation 
presents  itself  for  discussion,  while  on  the  other  hand  the  number  of 
epecialisod  studies  has  enormously  increased.  Science  is  advancing  in  so 
broad  a  front  by  the  efforts  of  so  great  an  nrniy  of  workers  that  it  would 
be  idle  to  attempt  within  the  limits  of  an  address  to  the  most  indulgent  of 
audiences  anything  like  a  survey  of  chemistry  alone.  But  I  have  thought 
it  might  be  instructive,  and  perhaps  not  uninteresting,  to  trace  briefly  in 
broad  outline  the  development  of  that  ])ranch  of  study  with  which  my 
own  labours  have  been  recently  more  intimately  connected — a  study  which 
I  trust  I  am  not  too  partial  in  thinking  is  as  full  of  philosophical  interest  as 
of  experimental  difficulty.  The  nature  of  heat  and  cold  must  have  en^ 
gaged  thinking  men  from  the  very  earliest  dawn  of  speculation  upon  the 
external  world ;  but  it  will  suffice  for  the  present  purpose  if,  disregarding 
ancient  philosophers  and  even  medieval  alchemists,  we  take  up  the  subject 
where  it  stood  after  the  great  revival  of  learning,  and  as  it  was  regarded 
by  the  father  of  the  inductive  method.  That  this  was  an  especially 
attractive  subject  to  Bacon  is  evident  from  the  frequency  with  which 
he  recurs  to  it  in  his  different  works,  always  with  lamentation  over  the 
inadequacy  of  the  means  at  disposal  for  obtaining  a  considerable  degree 
of  c(d<t  Tlius  in  the  chapter  in  the  Natural  Hirtory, '  Sylva  Sylvanim,' 
enUtled  '  Experiments  in  consort  touching  the  production  of  cold,'  he  says. 
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*The  produciioii  of  cold  is  a  thing  very  worthy  o£  the  inqnitition  both  lor 
th«  we  end  the  diaeloeare  of  cames.  For  heat  and  oold  are  nature's  two 
heads  whereby  she  chiefly  worketh,  and  heat  we  ha^e  in  readiness  in 
respect  of  the  fire,  bnt  for  cold  we  must  stay  till  it  cometh  or  seek  it  in 
deep  eaves  or  high  mountains,  and  when  all  is  done  we  cannot  obtain  it 
in  any  great  degree,  for  furnaces  of  fire  are  far  hotter  than  a  summer  sun, 
bat  vaults  and  hills  are  not  much  colder  than  a  winter^s  frost'  The  great 
Robert  Boyle  was  the  first  experimentalist  who  followed  up  Bacon's  sug- 
gestions. In  1$82  Boyle  read  a  paper  to  the  Royal  Society  on  *New 
Experiments  and  Observations  touching  Cold,  or  an  Experimental 
Histoiy  of  Gold/  published  two  years  later  in  a  separate  work.  This  is 
leaDy  a  most  complete  history  of  everything  known  about  cold  up  to  that 
date,  but  its  great  merit  is  the  inclusion  of  numerous  experiments  made 
by  Boyle  himself  on  firigorifio  mixtures,  and  the  general  effects  cf  such 
upon  matter.  The  agency  chiefly  used  by  Boyle  in  the  conduct  of  his 
experiments  was  the  glaciating  mixture  of  snow  or  ice  and  salt.  In  the 
coarse  of  his  experiments  he  made  many  important  obiervations.  Thus 
he  oYieerved  that  the  salts  which  did  not  help  the  snow  or  ice  to  dissolve 
faster  gave  no  effective  freezing.  He  showed  tiiat  water  in  becoming  ice 
expands  by  about  one-ninth  of  its  volume,  and  bursts  gun -barrels.  He 
attempted  to  counteratct  the  expansion  and  prevent  freezing  by  completely 
filling  a  strong  iron  ball  with  water  before  cooling  ;  anticipating  tliat  it 
mifijht  burst  the  bottle  by  the  stupendous  force  of  expansion,  or  that  if  it 
di  l  not,  then  the  ice  i)roduced  might  under  the  circumstances  be  heavier 
than  water.  He  speculated  in  an  ingenious  way  on  the  change  of  water 
into  ire.  Thus  he  says,  '  If  cold  be  but  a  privation  of  heat  through  the 
recess  of  that  ethereiil  substance  which  agitated  the  little  eel-like  particles 
of  the  wat<'r  and  thereby  made  them  compose  a  fluid  body,  it  may  easily 
be  concei\  e<l  tliat  they  should  remain  rigid  in  the  posture?  in  which  the 
etliereal  substance  quitted  them,  and  thereby  compose  an  uulluid  body  like 
ice  ;  yet  how  th«\se  little  eels  should  by  that  recess  acquire  as  strong  an  en- 
df-avour  outwards  as  if  they  were  so  many  little  sprini^s  and  expand  them- 
selves with  so  stupendous  a  force,  is  that  which  does  not  so  readily  appear.' 
The  greatest  degree  of  adventitious  cold  Boyle  was  able  to  produce  did 
not  make  air  exposetl  to  its  action  lose  a  full  tenth  of  its  own  volume,  so 
that,  in  his  own  words,  the  cold  does  not  *  weaken  the  spring  by 
anything  near  so  considerable  as  one  would  expect.'  After  making 
this  remarkable  observation  and  commenting  upon  its  unexpected  nature, 
it  is  strange  Boyle  did  not  follow  it  up.  He  questions  the  existence  of  a 
body  of  its  own  nature  supremely  cold,  by  participating  in  which  all  other 
bodies  obtain  that  quality,  although  the  doctrine  of  a  primtim /rigldiim 
had  b«*en  accepteil  by  niany  sects  of  philosophers  ;  for,  as  ho  says,  '  if  a 
body  being  cold  signify  no  more  than  its  not  having  its  sensible  parts  so 
much  agitated  as  tliose  of  our  scnsoriuni,  it  suffices  that  the  sun  or  the 
fire  or  some  other  agent,  whatever  it  were,  that  agitated  more  vehemently 
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but  very  remissly,  so  that  till  it  be  detemined  whether  cold  be  a  positive 
quality  or  but  a  privative  it  will  be  needless  to  contend  what  particular 
body  ottght  to  be  esteemed  the  primum  frigidum,*   The  whole  elaborate 
investigation  cost  Boyle  immense  labour,  and  he  confesses  that  he  'never 
handled  any  part  of  natural  philosophy  that  was  so  troublesome  and  foil 
of  hardships  '  He  looked  upon  his  results  but  as  a  '  beginning '  in  this 
6eld  of  inquiry,  and  for  all  the  trouble  and  patience  expended  he  consoled 
himself  with  the  thought  of  '  men  being  oftentimes  obliged  to  suffer  as 
much  wet  and  cold  and  dive  as  deep  to  fetch  up  sponges  as  to  fetch  np 
pearls.'  After  the  masterly  essay  of  fioyle,  the  attention  of  investigators 
was  chiefly  directed  to  improving  thermometrical  instruments.    The  old 
air  thermometer  of  Galileo  being  inconvenient  to  use,  the  introfluction 
of  fluid  thermometers  greatly  aided  the  inquiry  into  the  action  of  licat  and 
cold.    For  a  time  great  difficulty  was  encountered  in  selectinf;  proper 
fixed  points  on  the  scales  of  such  instruments,  and  this  stimulated  men 
like  Huygens,  New  ton,  Hooko,  and  Amontons  to  suggest  remedies  and  to 
conduct  experiments.    By  the  beginning  of  the  eighteenth  century  the 
freezing  point  and  the  boiling-point  of  water  were  agreed  upon  as  fixed 
points,  and  the  only  apparent  difficulties  to  be  overcome  were  the  selection 
of  the  fluid,  accurate  calibration  of  the  capillary  tube  of  the  thermometer, 
and  a  gen<;ral  understanding  as  to  scale  divisions.    It  must  be  confesst^l 
that  great  confusion  and  inaccuracy  in  temperature  observation.s  arose 
from  the  variety  and  crudeness  of  the  instruments.    Thi.s  led  Amontons 
in  1702-3  to  contribute  two  papers  to  the  French  Academy  whieli  reveal 
gre  it  orii^inalit^'  in  the  handling  of  the  subject,  and  which,  strange  to  say, 
are  not  generally  known.     The  first  discourse  deals  with  some  new 
proporties  of  the  air  and  the  moans  of  accurately  ascertaining:  the 
temperature  in  any  climate.    He  regarded  heat  a.^  due  to  a  tnovement  of 
the  particles  of  l)odie8,  though  he  did  not  in  any  way  specify  the  nature 
of  the  motion  involved  ;  and  as  the  general  cause  of  all  terrestrial  motion, 
ao  that  in  its  absence  the  earth  would  be  without  movement  in  its 
smallest  parts.    The  new  facts  ho  records  are  observations  on  the  spring 
or  pressure  of  air  brought  about  by  the  action  of  heat»    He  shows  that 
different  masses  of  air  measured  at  the  same  initial  spring  or  pressure, 
when  heated  to  the  boiling-point  of  water,  acquire  equal  increments  of 
spring  or  pressure,  provided  the  volume  of  the  gas  be  kept  at  its  initial 
value.    Further,  he  proves  that  if  the  pressure  of  the  gas  before  heating 
be  doubled  or  tripled,  then  the  additional  spring  or  pressure  resulting 
fiom  heating  to  the  boiling-point  of  water  is  equally  doubled  or  tripled. 
In  other  words,  the  ratio  of  the  total  spring  of  air  at  twot  definite 
and  steady  temperatures  and  at  constant  volume  is  a  constant^  inde- 
pendent  of  the  mass  or  the  initial  pressure  of  the  air  in  the  thermometer. 
These  results  led  to  the  increased  perfection  of  the  air  thermometer  as  a 
standard  instrument,  Amontons*  idea  being  to  express  the  temperature  at 
any  locality  in  fractions  of.  the  degree  of  heat  of  boiling  water.   The  great 
novelty  of  the  instrument  is  that  temperature  is  defined  by  the  measure- 
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ment  of  the  length  of  a  column  of  mercury.  In  pa-ssiiifr,  he  renin rks  that 
(io  not  know  the  t  xti  t  rno  of  heat  and  cold,  but  that  he  htm  gi\  en  the 
results  of  experiments  winch  e^^tablisli  corrr-^[K)Ildc^c«^s  for  those  who  wish 
to  consi<lor  the  subject.  In  tlie  following  year  Amontons  contrilnitfd  to 
the  Academy  a  furthec  paper  extending  the  scope  of  the  iniiuii y.  lie 
xYicrv  pointed  out  mote  explicitly  that  as  the  degrees  of  heal  in  his 
thrnnoineter  are  registered  by  the  hpight  of  a  column  of  mercury,  which 
the  heat  is  able  to  sustain  by  the  spring  of  the  air,  it  follows  that  the 
extreme  cold  of  the  thermometer  will  be  that  which  reduces  the  air  to 
have  no  power  of  spring.  This,  he  says,  will  be  a  much  greater  cold  than 
what  we  call  '  very  cold,*  because  experiments  hav^e  shown  that  if  the 
spring  of  the  air  at  boiling-point  is  73  inches,  the  degree  of  heat 
which  remains  iu  the  air  whe.-i  brought  to  the  freezing-point  of  water  is 
still  very  great,  for  it  can  still  maintaia  the  spring  of  5H  inches.  The 
greatest  climatic  cold  on  the  scale  of  units  adopted  by  Amontons  is 
marked  50,  and  the  greatest  summer  heat  58,  the  value  for  boiling  water 
being  73,  and  thf  zero  being  52  units  below  the  freesing-point.  Thus 
Amontons  was  the  tirst  to  reoognise  that  the  use  of  air  as  a  thermometrio 
gal>stance  led  to  the  isference  of  the  existence  of  a  lero  of  temperatun^ 
and  his  scale  is  nothing  else  than  the  absolute  one  we  are  now  s<^  familiar 
with.  It  results  from  Amontons'  experiments  that  the  air  would  have  no 
spring  left  if  it  were  oooled  below  the  freezing-point  of  water  to  about 
2^  times  the  temperature  range  which  separates  the  boiling-point  and  the 
freezing-point.  In  other  words,  if  we  adopt  the  usual  centessimal  ditfer> 
ence  between  these  two  points  of  temperature  as  100  degrees,  then  the 
aero  of  Amontons'  air  thermometer  is  minus  240  degrees.  This  is  a 
nmarkable  approzimation  to  oar  modern  value  for  the  same  point  of 
minus  '213  degrees.  It  has  to  be  confessed  that  Amontons'  valuable  con- 
tributions to  knowledge  met  with  that  fate  which  has  so  often  for  a  time 
overtaken  the  work  of  too-advanced  discoverers;  in  other  words,  it 
was  simply  iirnored,  or  in  any  case  not  appreciated  by  the  scientific 
world  either  of  that  time  or  half  a  century  later.  It  was  not  till  Lambert, 
in  his  work  on  'Pyrometrie'  published  in  1770,  repeated  Amontons' 
experiments  and  endorsiMl  his  results  that  we  find  any  farther  reference 
to  the  absolote  scale  or  the  zero  of  temperature.  Lambert's  observations 
were  made  with  the  greatest  care  and  refinement,  and  resulted  in 
comcting  the  value  of  the  zero  of  the  air  scale  to  minus  270  degrees  as 
compared  with  Amontons*  minus  240  degrees.  Lambert  points  out  that 
the  degree  of  temperature  which  is  equal  to  zero  is  what  one  may  call 
absolute  cold,  and  that  at  this  temperature  the  volume  of  the  air  would 
be  practically  nothing.  In  other  words,  the  particles  of  the  air  would 
fsU  together  and  touch  each  other  and  become  dense  like  water ;  and  from 
(his  it  may  be  inferred  that  the  gaseous  condition  is  caused  by  heat. 
Lambert  says  that  Amontons'  discoveries  had  found  few  adherents 
because  they  were  too  beautiful  and  advanced  for  the  time  in  which  he 
'Hved. 
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About  this  time  a  remarkable  ebservation  was  made  by  Professor 
Braun  at  Moscow,  who,  during  the  severe  winter  of  17r)9,  succeeded  in 
freezing  mercury  hy  the  use  of  a  mixture  of  snow  and  nitric  acid.  When 
we  remember  that  mercury  was  regarded  as  (juite  a  peculiar  substance 
possessed  of  the  essential  quality  of  Huidity,  we  can  easily  understand  tlie 
universal  interest  created  by  the  experiment  of  Braun.    This  was  accen- 
tuated by  the  observations  he  made  on  the  temperature  Li:iven  by  the 
mercury  thermometer,  which  appeared  to  record  a  teniperaiurt-  as  low  as 
iniuuH  200°  C.     The  experiments  were    soon  repeated  by  Ilutchms 
at  Hudson's  Bay,  who  conducted  his  work  with  the  aid  of  suggestions 
given  him  by  Cavendish  and  Black.    The  result  of  the  new  observations 
was  to  show  that  the  freezing-point  of  mercury  is  only  /ninus  40^  C,  the 
errors  in  former  experiments  having  been  du<;  to  the  great  contraction  of 
the  mercury  in  the  thermometer  in  passing  into  the  solid  state.  From 
this  it  followed  that  the  enormous  natural  and  artificial  colds  which  had 
generally  been  believed  in  had  no  proved  existence.    Still  the  possible 
existence  of  a  zero  of  temperature  very  different  from  that  deduced  from 
gas  thermometry  had  the  support  of  such  distinguished  names  as  those  of 
Laplace  and  Lavoisier.    In  their  great  memoir  on  *  Heat,'  after  making 
what  they  consider  reasonable  hypothes^  as  to  the  relation  between 
specific  heat  and  total  heat,  they  calculate  values  for  the  zero  which  range 
from  1,500  to  3,000  degrees  below  melting  ice.    On  the  whole,  they  rep^ard 
the  absolute  zero  as  being  in  any  case  600  degrees  below  the  freezing- 
point.    Lavoisier,  in  his  '  Elements  of  Chemistry  '  published  in  1792,  goes 
further  in  the  direction  of  indefinitely  lowering  the  zero  of  temperature 
wlien  he  says,  *  We  are  still  very  far  from  being  able  to  produce  the  degree 
of  absolute  cold,  or  total  deprivation  of  heat,  bein<?  unacquainted  with  any 
degree  of  coldness  which  v;e  cannot  suppose  capalde  of  still  further  augmen- 
tation ;  hence  it  follows  we  are  incapable  of  causing  the  ultimate  particles 
of  bodies  to  approach  each  other  as  near  as  possible,  and  thus  these  patticles 
do  not  touch  each  othei-  in  any  state  liitherto  known.'    Even  as  late  as 
the  beginning  of  the  ninetecntli  century  we  tind  Dalton,  in  his  new  system 
of  '  Chemical  Philosophy,'  giving  ten  calculations  of  this  value,  and  adopt* 
ing  finally  as  the  natural  zero  of  temperature  intnua  3,000^  C. 

In  Black's  lectures  we  find  that  he  takes  a  very  cautious  view  with 
regard  to  the  zero  of  temperature,  but  as  usual  is  admirably  clear  with 
regard  to  its  exposition.  Thus  he  says,  '  Wo  are  ignorant  of  the  lowest 
possible  degree  or  l)egnining  of  heat.  8ome  ingenious  attempts  have  been 
made  to  estimate  what  it  may  be,  but  they  have  not  proved  satisfactory. 
Our  knowledge  of  the  degrees  of  h*\at  maybe  compared  to  what  we  should 
have  of  a  chain,  the  two  ends  of  which  were  hidden  from  us  and  the 
middle  only  exposed  to  our  view.  We  might  put  distinct  marks  on  some 
of  the  links,  and  number  the  rest  according  as  they  are  nearest  to  or 
further  removed  from  the  principal  links  ;  but  not  knowing  the  distance 
of  any  links  from  the  end  of  the  chain  we  could  not  compare  them  together 
with  respect  to  their  distance^  or  say  that  one  link  was  twice  as  £ar  from 
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Ilia  and  of  the  ohun  as  another.'  It  is  interesting  to  observe,  however, 
that  Black  was  evidently  well  aeqnainted  with  the  work  of  Amontou^ 
and  strongly  supports  his  inference  as  to  the  nature  of  air.  Thns,  in  dis* 
cossing  the  geneial  canse  of  vaporisation,  Black  says  that  some  philoso- 
phcfs  have  adopted  the  view  *that  every  palpable  elastic  floid  in  nature 
b  praduoed  and  preserved  in  this  form  by  the  action  of  heat.  Mr. 
Anrantons^  an  ingmions  member     the  late  Royal  Academy  of  Sciences, 
at  FrntiMf  was  the  first  who  propoaed  this  idea  with  respect  to  the  atmo* 
sphere.   He  supposed  that  it  might  be  deprived  of  the  whole  of  its 
elaitiri^  and  condensed  and  even  frosen  into  a  solid  matter  were  it  in 
ov  power  to  apply  to  it  a  sufficient  cold ;  that  it  is  a  substance  that 
difiers  firom  others  by  being  incomparably  more  volatile^  and  which  is 
tfaereffxre  converted  into  vapour  and  preserved  in  that  fonn  by  a  weaker 
beat  than  any  that  ever  happened  or  can  obtain  in  this  globe^  and  which 
Ihetefore  cannot  appear  under  any  other  form  than  the  one  it  now  wears, 
so  long  as  the  constitntioii  of  the  world  remains  the  same  as  at  present.' 
The  views  that  Black  attributes  to  Amontons  have  been  generally  asso- 
ciated with  the  name  of  Lavoiner,  who  practically  admitted  similar 
possibilities  as  to  the  nature  of  air ;  but  it  is  not  likely  that  in  such 
natters  Black  would  commit  any  mistake  as  to  the  real  author  of  a  parti- 
cular idea,  especially  in  his  own  department  of  knowledge.   Black's  own 
special  contribution  to  low-temperature  studies  was  his  explanation  of  the 
intemction  of  mixtures  of  ice  with  salts  and  adds  by  applying  the  doctrine 
ol  the  latent  heat  ol  fluidity  of  ice  to  account  for  the  frigorific  effect;  In 
•  similar  way  Black  explained  the  origin  of  the  cold  produced  in  Cullen's 
temarkable  experiment  <A  the  evaporation  of  ether  under  the  receiver  of 
an  air-pump  by  pointing  out  that  the  latent  heat  of  vaporisation  in  this 
caae  necessitated  such  a  result.   Thus,  by  applying  his  own  discoveries  to 
latent  lieat>  Black  gave  an  intelligent  explanation  of  the  cause  of  all  the 
low-temperature  phenomena  known  in  his  day. 

After  the  gaseous  laws  had  been  deBnitely  formulated  by  Gay-Lussac 
and  Bnlton,  the  question  of  the  absolute  zero  of  temperature,  as  deduced 
Iran  the  properties  of  gases,  was  revived  by  Clement  and  Desormes. 
These  distinguish^  investigators  presented  a  paper  on  the  subject  to  the 
French  Academy  in  1812,  which,  it  appears,  was  rejected  by  that  body. 
The  authors  subsequently  elected  to  publish  it  in  1819.  Relying  on 
what  we  know  now  to  have  been  a  faulty  hypothesis,  they  deduced  from 
observations  on  the  heating  of  air  rushing  into  a  vacuum  the  temperature 
of  minw  267  degrees  as  that  of  the  absolute  zero.  They  further  en- 
deavoured to  show,  by  extending  to  lower  tciiiperatures  the  voluino  or  the 
pressure  coefficients  of  gases  given  by  Gay-Lussac,  that  at  tljo  same 
temfferature  of  j/ii}iHs  l'67  degicos  the  gases  would  contract  so  as  to 
p«:».>soss  no  appreciable  volume,  or,  alternatively,  if  the  pressure  was  under 
consideration,  it  would  become  so  small  as  to  be  non-existent.  Allliough 
full  reference  is  given  t<^>  previous  work  bearing  on  the  same  subject,  yet, 
curiously  enough,  no  mention  is  made  of  the  name  of  Amontons.  It 
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certainly  gave  remarkable  support  to  Amontons'  notion  of  the  zero  to 
find  that  simple  n;ases  like  hydrogen  and  compound  gases  like  ammonia, 
hydrochloric,  carlxmic,  and  sulphurous  acids  should  all  point  to  substan- 
tially the  same  value  for  this  temperature.  i*»ut  the  most  curious  fact 
about  this  research  of  Clement  and  Desornifs  is  that  Gay-Lussac  was  a 
bitter  opponent  of  the  validity  of  the  inferences  iht^y  drew  either  from 
his  work  or  their  own.  The  mode  in  which  Gay-Lussac  regarded  the 
subject  may  be  succinctly  put  as  follows  :  A  <juick  compression  of  air 
to  one-fifth  volume  raises  its  temperature  to  300  degrees,  and  if  this  could 
be  made  much  greater  and  instantaneous  the  temperature  might  rise  to 
1,000  or  2,000  degrees.  Conversely,  if  air  under  five  atmospheres  were 
suddenly  dilated,  it  would  absorb  as  much  heat  as  it  had  evolved  during 
compression,  and  its  temperature  would  be  lowered  by  300  degrees. 
Therefore,  if  air  were  taken  and  compressed  to  fifty  atmospheres  or 
more,  the  cold  produced  by  its  sudden  expansion  would  Imvo  no  limit. 
In  onler  to  meet  this  position  Clement  and  De.-^ormes  adopted  tin- 
following  reasoning  :  They  pointed  out  that  it  had  not  been  prove<i  that 
Gay  Lussac  was  correct  in  his  hypothesis,  hut  that  in  any  case  it  tacitly 
involves  the  assumption  that  a  limited  quantity  of  matter  possesses  an 
unlimited  supply  of  heat.  Tf  this  were  the  case,  then  heat  would  be 
unlike  any  other  measurable  thing  or  (juality.  It  is,  therefore,  more 
consistent  with  the  course  of  nature  to  suppose  that  the  nmount  of  heat 
in  a  body  is  like  the  quantity  of  elastic  fluid  tilling  a  vessel,  which,  while 
definite  in  original  amount,  one  may  make  less  and  lees  by  getting  nearer 
to  a  complete  exhaustion.  Further,  to  realise  the  absolute  zero  in  the 
one  case  is  just  as  impossible  as  to  realise  the  absolute  vacuum  in  the 
other  ;  and  as  we  do  not  doubt  a  zero  of  pressure,  although  it  is  unattain- 
able, for  the  same  reason  we  ought  to  accept  the  reality  of  the  absolute 
zero.  We  know  now  that  Gay-Lussac  was  wrong  in  supposing  the 
iDcremeoit  of  temperature  arising  from  a  given  gaseous  ooinpraBiion  would 
produce  a  corresponding  decrement  from  an  identical  ezpanaion.  After 
this  time  the  zero  of  temperature  -was  generally  recognised  as  a  fixed 
ideal  point,  but  in  order  to  show  that  it  was  hypothetical  a  distinction 
was  drawn  lietween  the  use  of  the  ezpressionii^  zero  of  absolute  tenipera>- 
tare  and  the  absolute  zero. 

The  whole  question  took  an  entirely  new  form  when  Lord  Kelvin,  in 
1848,  after  the  mechanical  equivalent  of  heat  had  been  determined  by 
Joule,  drew  attention  to  the  great  principles  underlying  Carnot  s  work 
on  the  *  Motive  Power  of  Heat,'  and  applied  them  to  an  absolute  method 
of  temperature  measurement,  which  is  completely  independent  of  the 
properties  of  any  particular  substance.  The  principle  was  that  for  a 
difference  of  one  degree  on  this  scale,  between  the  temperatures  of  the 
source  and  refrigerator,  a  perfect  engine  should  give  the  same  amount  of 
work  in  every  part  of  the  scale.  Taking  the  same  6xed  points  as  for  the 
Centigrade  scale,  and  making  100  of  the  new  deg^rees  cover  that  range,  it 
was  found  that  the  degrees  not  only  within  that  range^  but  as  far  beyond 
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M  ezperimental  data  supplied  the  means  of  oomparisoD,  differed  by  only 
miniite  quantities  from  those  of  K^gnault's  air  thermometer.  The  sero 
of  the  new  scale  had  to  be  determined  by  the  oonrideration  that  when 
the  refrigerator  was  at  the  sero  of  temperature  the  perfect  engine  should 
give  an  amount  of  work  equal  to  the  full  mechanical  equivalent  of  the 
beat  taken  up.  This  led  to  a  sero  of  273  degrees  below  the  temperature 
of  freezing  water,  substantially  the  same  as  that  deduced  from  a  study 
(rf  the  gaseous  state.  It  was  a  great  advance  to  demonstrate  by 
the  Implication  of  the  laws  of  thennod jimmies  not  only  that  the  sero  of 
temperature  is  a  reality,  but  that  it  must  be  located  at  273  degrees  below 
the  freesing'point  of  water.  As  no  one  has  attempted  to  impugn  the 
solid  foundation  of  theory  and  experiment  on  which  Lord  Kelvin  based 
his  thermodynamic  scale,  the  existence  of  a  definite  sero  of  temperature 
must  be  acknowledged  as  a  fundamental  scientific  fact. 

Lique/action  of  Gases  and  Continuity  of  Stale, 

Jn  these  speculations,  however,  chemists  were  dealing  theoretically 
with  temperatures  to  which  they  could  not  make  any  but  the  most  dis- 
tant experimental  approach.  Cullen,  the  teacher  of  Black,  had  indeed 
shown  how  to  lower  temperature  by  the  evaporation  of  volatile  bodien^ 
such  as  ether,  by  the  aid  of  the  air-pump,  and  the  later  experiments  <^ 
Leslie  and  WoUaston  extended  the  same  principle.  Davy  and  Faraday 
made  the  most  of  the  means  at  command  in  liquefying  the  more  con- 
densable gases,  while  at  the  same  time  Davy  pointeid  out  that  they  in  turn 
might  be  utilised  to  procure  greater  cold  by  their  rapid  reconversion  into 
the  aeriform  state.  8tiU  the  chemist  was  sorely  liampered  by  the  want 
of  some  powerful  and  accessible  agent  for  the  production  of  temperatures 
much  lower  than  had  ever  been  attained.  That  want  was  supplied  by 
Thilorier,  who  in  1835  produced  liquid  carbonic  acid  in  large  quantities, 
and  farther  made  the  fortunate  discovery  that  the  liquid  could  be  frosen 
into  a  snow  by  its  own  evaporation.  Faraday  was  prompt  to  take  ad- 
vantage of  this  new  and  potent  agent.  Under  exhaustion  he  lowered  its 
boiling-point  from  minue  78**  0.  to  minus  110^  C,  and  by  combining  this 
low  teuiperatuie  with  pressure  all  the  gases  were  liquefied  by  the  year 
1844,  with  the  exception  of  the  three  elementary  gases — ^hydrogen,  nitro- 
gen, and  oxygen,  and  three  compound  gases — carbonic  oxide^  marsh  gas, 
and  nitric  oxide ;  Andrews  some  twenty- five  years  after  the  work  of 
Faraday  attempted  to  induce  change  of  state  in  the  uncondensed  gases 
by  using  much  higher  pressures  than  Faraday  employed.  Combining  the 
temperature  of  a  solid  carbonic  acid  bath  with  pressures  of  300  ntmospliercs, 
Andrews  found  that  none  of  these  gases  exhibited  any  appearance  of 
liquefsetion  in  such  high  states  of  condensation  ;  but  so  far  as  chan^'o  of 
VC^ume  by  high  compression  went,  Andrews  conlirnied  the  earlier  work 
of  Naiterer  by  showing  tliat  the  gases  become  proportionately  less 
compressible  with  growing  pressure.    Wliile  hucli  investigations  were 
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prooeeding^  Begnaiilt  and  Magnus  liad  completed  their  refined  inveadga- 
tiona  on  the  laws  of  Boyle  and  Gay-Lnsne.  A  yery  important  series  of 
experiments  was  made  Jotale  and  Kelvin  'On  the  Thennal  Efi'ects  ol 
Flnids  in  Motion '  about  1862,  in  which  the  thermometrical  etlects  o€ 
passing  gases  under  compression  through  porous  plugs  furnished  important 
data  for  the  study  of  the  mutual  action  of  the  gas  molecules.  Ko  one^ 
however,  had  attempted  to  make  a  complete  study  of  a  liquefiaUe  gas 
throughout  wide  vsnges  of  temperature.  This  was  accomplished  hy 
Andrews  in  1869,  and  his  Bakerian  Lecture  '  On  the  Continuity  of  the 
Qaaeotts  and  Liquid  States  of  Matter'  will  always  be  regarded  as  an 
epoch-making  investigation.  During  the  courae  of  this  research  Andrews 
observed  that  liquid  carbonic  acid  raised  to  a  temperature  of  31*  C.  lost 
the  sharp  concave  surface  of  demarcation  between  the  liquid  and  the  gsa^ 
the  space  being  now  occupied  by  a  homogeneous  fluid  which  exhibited, 
when  the  pressure  was  suddenly  diminished  or  the  temperature  sUghtljr 
lowered,  a  peculiar  appectrance  of  moving  or  flickering  striae,  due  to  great 
local  alterations  of  density.  At  temperatures  above  31*  C.  the  separation 
into  two  dirtinct  kinds  of  matter  could  not  be  effected  even  when  the 
pressure  reached  400  atmospheres.  This  limiting  temperature  of  the 
change  of  state  from  gas  to  liquid  Andrews  called  the  critical  tempera- 
ture. He  showed  that  this  temperature  is  constant,  and  difos  with  each 
aubstaaco,  and  that  it  is  always  associated  with  a  definite  pressure  peculiar 
to  each  body.  Thus  the  two  constants,  critical  temperature  and  pressure^ 
which  have  been  of  the  greatest  importance  in  subsequent  investigatioiia» 
came  to  be  defined,  and  a  complete  experimental  proof  was  given  that 
*the  gaseous  and  liquid  states  are  only  distinct  stages  of  the  same  condi- 
tion  of  matter  and  are  capable  of  passing  into  one  another  by  a  process 
of  continuous  change.' 

In  1873  an  essay '  On  the  Continuity  of  the  Gaseous  and  Liquid  State/ 
full  of  new  and  suggestive  ideas,  was  published  by  van  der  Waals,  who^ 
reoognising  the  value  of  Clausius*  new  conception  of  the  Virial  in  Dynamics, 
for  a  long-continued  series  of  motions,  either  oedllatoiy  or  changing 
exceedingly  slowly  with  time,  applied  it  to  the  consideration  of  the  mole* 
cular  movements  of  the  particles  of  the  gaseous  substance,  and  after  mudi 
refined  investigation,  and  the  fuUeRt  experimental  calculation  available  at 
the  time,  devised  his  well-known  Equation  of  Continuity.  Its  paramount 
merit  is  that  it  is  based  entirely  on  a  mechanicsl  foundation,  and  is  in 
no  sense  empiric  ;  we  may  therefore  look  upon  it  as  having  a  secure 
foundation  in  fact,  but  as  being  capable  of  extension  and  improvement, 
.Tames  Thomson,  realising  that  the  straight-line  breach  of  continuous  cur- 
vature in  the  Andrews  isothermals  was  untenable  to  the  physical  mind,  pro- 
pounded his  emendation  of  the  Andrews  curves — namely,  that  they  were 
continuous  and  of  8  form.  We  also  owe  to  James  Thomson  tlie  concep- 
tion and  execution  of  a  tlireo-diniensional  model  of  Andrews'  results,  which 
has  been  of  tlie  cjre.Ut  st  m  i  vice  in  exhibitinir  the  three  variables  by  means 
of  a  specific  surface  afterwartls  greatly  ex  tended  and  developed  by  Professor 
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W'illard  (libbs.     The  suggestive  work  of  James  Thomson  undoubtedly 
was  a  v.iluaiile  aid  to  van  der  Waals,  for  as  soon  as  he  reached  the  point 
where  his  »-(juation  had  to  show  the  continuity  of  tlie  two  states  tliis  was 
the  first  dithculty  he  had  to  encounter,  and  he  succeeded  in  giving  the 
explanation.    He  also  crave  a  satisfactory  reason  for  the  existence  of  a 
minimam  value  of  the  product  of  volume  and  pressure  in  the  Regnault 
isothermals.    His  isothermals,  with  James  Thomson's  completion  of  them, 
were  now  sliow  u  to  be  the  results  of  the  laws  of  dynamics.  Van  der  Waals 
applied  the  new  equation  to  the  consideration  of  the  coethcients  of  expan- 
sion with  temperature  and  of  pressure  with  temperature,  showing  that 
although  they  were  nearly  equal,  nevertheless  they  were  almost  independent 
<|uantities.   His  iuvestigatioa  of  the  capillarity  constant  was  masterly,  and 
h^-  added  further  to  our  knowledge  of  the  magnitudes  of  the  molecules  of 
gasos  and  of  their  mean  free  paths.    Following  up  the  experiment©  of  Joule 
and  Kelvin,  he  showed  how  their  cooling  cocfiicients  could  l>e  deduced, 
and  provcfl  that  they  vanished  at  a  temperature  in  eadi  case  which  is  a 
conotaiit  multij>lf'  of  the  specific  critical  temperature.    Tlio  equation  of 
continuity  developed  by  van  der  Waals  in\  olved  the  use  of  tiiree  constants 
instead  of  one,  as  in  the  old  law  of  Foyle  and  Charles,  the  latter  being 
only  utilised  to  express  the  relation  of  temperature,  pressure,  and  volume, 
when  the  gas  is  far  removed  from  its  point  of  liquefaction.    Of  the  two 
new  constants  one  represents  the  molecular  pressure  arising  from  the 
■ittraction  between  the  iiiohxules,  the  other  four  times  the  volun;e  of  the 
molecules.    Given  these  constants  of  a  gas,  van  der  Waals  showed  that 
hi?  equation  not  only  fitted  into  the  general  characters  of  the  isothermals, 
\mi  also  gave  the  values  of  the  critical  temperature,  the  critiiml  pressure, 
and  the  critical  volume.    In  the  case  of  carbonic  acid  the  theoretical 
Insults  were  found  to  be  in  remarkable  agreement  with  the  experimental 
values  of  Andrews.    This  gave  chemists  the  means  of  ascertaining  the 
critical  constants,  provided  sufficiently  accurate  data  derived  from  tlie 
study  of  a  few  properly  distributed  isothermals  of  the  gaseous  substance 
were  available.    Such  important  data  came  into  the  possession  of  chemiste 
when    Amagat   published   his  valuable  paper  on   *The  Isothermals  of 
Hydrogen,  Nitrogen,  Oxygen,  Ethylene,  iVc.,'  in  the  year  lb8U.    It  now 
became  possible  to  calculate  the  critical  data  with  comparative  accuracy 
for   the   so-called   permanent    gases  oxygen   and   nitrogen,  and  this 
was  done  by  Sarrau  in  lf>ti>'2.    In  the  meantime  a  great  ifiipiilse  had 
been  given  to  a  further  attack  upon  the  so-called  permanent  gases 
by  the  suggestive  experiments  made  by  Pictet  and  Cailletet.  The 
static  liquefaction  of  oxygen  was  effected  by  Wroblewski  in  1883,  and 
thereby  the  theoretical  conclusions  derived  from  van  der  Waals'  equation 
were  substantially  ooiifirined.    The  liquefaction  of  oxygen  and  air  was 
achieved  through  the  use  of  liquid  ethylene  as  a  cooling  agent,  which 
enabled  a  temperature  of  minus  1 40  degrees  to  be  maintained  by  its  steady 
evaporation  in  vaato.    From  this  time  liquid  oxygen  and  air  came  to  be 
regarded  as  the  potential  cooling  agents  for  future  research,  commanding 
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SB  they  did  ft  tempemtare  of  200  degms  Mow  meltlDg  ic&  The  theoretical 
side  of  the  qaeetion  received  at  the  hands  of  van  der  Waab  a  second 
contribution,  -which  was  even  more  important  than  his  original  essay,  and 
that  was  his  novd  and  ingenious  development  of  what  he  calls  'The 
Theory  of  Corresponding  States.'  He  defined  the  corresponding  states  of 
two  substances  as  those  in  which  the  ratios  of  the  temperature,  pressure, 
and  volume  to  the  critical  temperature,  prt'ssure,  and  volume  respectively 
were  the  same  for  the  two  substances,  and  in  corresponding  states  he 
showed  that  the  three  pairs  of  ratios  all  coincided.  From  this  a  series  of 
remarkable  propositions  were  developed,  some  new,  some  proving  previous 
laws  that  were  hitherto  only  empiric,  and  some  completing  and  correcting 
faulty  though  approximate  laws.  As  examples,  he  succeeded  in  calculating 
the  boiling-point  of  carbonic  acid  from  observations  on  ether  vapour, 
proved  Kgpp'slawof  molecular  volumes,  and  showed  that  at  corresponding 
temperatures  the  molecular  latent  lieats  ot  vaporisation  are  proportional 
to  the  absolute  critical  temperature,  and  that  under  the  same  conditions 
the  coetticieiits  of  liquid  expansion  Jiro  inversely  proportional  to  the 
absolute  critical  temperature,  and  that  the  coefficients  of  liquid  compres- 
sibility are  inversely  proportional  to  the  critical  pressure.  All  these 
propositions  and  deductions  are  in  the  main  correct,  though  further 
experimental  investigation  has  shown  minor  <riscrej).'incies  requiring 
explanation.  Various  proposals  have  been  made  to  supplement  van  der 
Waiils'  e<juation  so  us  to  bring  it  into  line  with  experiments,  sonje  being 
entirely  empiric,  others  theoretic  al.  Clausius,  Sarrau,  Wroblewski,  Batteli, 
and  others  attacked  the  (|uestion  empirically,  and  in  the  main  preserved 
the  co-volume  (depending  on  the  total  volume  of  the  molecules)  unaltered 
while  trying  to  modify  the  constant  of  molecular  attraction.  Their  success 
depended  entirely  on  the  fact  that,  instead  of  lin)iting  the  number  of 
constants  to  three,  some  of  them  have  increased  them  to  as  many  as  ten. 
On  the  other  hand,  a  series  of  very  remarkable  theoretical  investigations 
has  been  made  by  van  der  Waals  himself,  by  Kammerlingh  <.)nnes, 
Korteweg,  Jaeger,  Bolbzmann,  Dieterici,  and  Hienganum,  and  others,  all 
directed  in  the  main  towards  an  aclmitted  variation  in  the  value  of  the 
co-volume  while  preserving  the  molecular  attraction  constant.  The 
theoretical  deductions  of  Tait  lead  to  the  conclusion  that  a  substance 
below  its  critical  point  ought  to  have  two  (litlcrmt  etpiations  of  the  vaa 
der  Wa4ils  type,  one  ref^rrini^  to  the  licpii*!  ami  the  other  to  the  gjisetm.^ 
phase.  One  important  fact  was  soon  elicited —namely,  that  the  law  of 
correspondence  demanded  only  that  the  equation  should  contain  not  more 
tha!i  three  constants  for  each  body.  The  simplest  extension  is  that  made 
V)y  ]{ein^,^anum,  in  which  he  increased  the  pressure  for  a  given  mean 
kinetic  energy  of  the  particles  inversely  in  the  ratio  of  the  diminution  of 
free  volume,  due  to  the  molecules  jxissessing  linear  extension.  IJerthelot 
has  sliown  how  a  'reduced'  isothermal  may  be  got  by  taking  two  other 
prominent  points  as  units  of  nieasurement  instead  of  the  critical  co- 
ordinates.    The  most  suggestive  advance  in  the  improveuient  of  tlie 
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vma  der  WaUs  equation  has  been  made  by  a  lady,  Mme.  Christine 
Meyer.   The  idea  at  the  base  of  this  new  development  may  be  under* 
stood  from  the  following  general  statement :  vao  der  Waais  bringt 
the  van  der  Waals  surfaces  for  all  substances  into  coincidence  at  the 
point  where  Toltime^  pressure,  and  temperature  are  nothing,  and  then 
stretches  or  compressps  all  the  surfaces  parallel  to  the  three  axes  of 
Tolume,  pressure,  and  temperature,  until  their  critical  points  coincide. 
Bat  on  this  plan  the  surfaces  do  not  quite  coincide,  because  the  points 
where  the  three  variables  are  respectively  nothing  are  not  corresponding 
points.    Mme.  Meyer's  plan  is  to  bring  all  the  critical  points  first 
into  eoinddence,  and  then  to  compress  or  extend  all  the  representative 
surfaces  parallel  to  the  three  axes  of  volume,  pressure,  and  temperature, 
until  the  surfaces  coincide.    In  this  way,  taking  twenty -niiu;  different 
anbstancee,  she  completely  verifies  from  experiment  van  der  Waals'  law 
«f  correspondence.   The  theory  of  van  der  Waals  has  been  one  of  the 
greatest  importance   in   directing;  experimental   investigation,  and  in 
attacking  the  dithcult  problems  of  the  liquefaction  of  the  most  permanent 
gsses.    One  of  its  greatest  triumphs  has  been  the  proof  that  the  critical 
coDstants  and  the  boiling-point  of  hydrogen  theoretically  deduced  by 
WroUewski  from  a  study  of  the  isothermal s  of  the  gas  taken  far  above 
the  temperature  of  liquefaction  are  remarkably  near  the  experimental 
values.   We  may  safely  infer,  therefore,  that  if  hereafter  a  gas  be 
discovered  in  small  quantity  even  four  times  more  volatile  than  liquid 
hydrogen,  yet  by  a  study  of  its  isothermals  at  low  temperature  we  shall 
saceeed  in  finding  its  most  important  liquid  constants,  although  the 
isoiatioa  of  the  real  liquid  may  for  the  time  be  impossible.   It  is  perhaps 
not  too  much  to  say  that  as  a  prolific  source  of  knowledge  in  the  depart- 
ment dealing  with  the  continuitj  ol  state  in  matter,  it  would  be  necessary 
to  go  back  to  Camot's  cycle  to  find  a  proposition  of  greater  importance 
than  the  theory  of  van  der  Waals  and  his  development  of  the  law  of 
corresponding  states. 

It  will  be  ^parent  from  what  has  just  been  said  that,  thanks  to  the 
Isboars  of  Andrews,  van  der  Waals,  and  others,  theory  had  again  far 
entrun  experiment.  We  could  calculate  the  constants  said  predict  some 
d  the  simple  physical  charaoteristics  of  liquid  oxygen^  hydrogen,  or 
utiegea  with  a  high  degree  of  confidence  long  before  any  one  of  the 
three  had  been  obtained  in  the  static  liquid  condition  permitting  of  the 
experimental  verification  of  the  theory.  This  was  the  more  tantalising, 
because,  vitb  whatever  confidence  the  chemist  may  anticipate  the  sub- 
stantial corroboration  of  his  theory,  he  also  anticipates  with  almost 
equal  conviction  that  as  he  approaches  more  and  more  nearly  to  the 
sero  of  absolute  temperature,  he  will  encounter  phenomena  compelling 
iBodification,  revision,  and  refinement  of  formulas  which  fairly  oovered 
the  faults  previously  known.  Just  as  nearly  seventy  years  ago  chemists 
vere  waiting  for  some  means  of  getting  a  temperature  of  100  degrees 
bdow  melting  ice,  so  ten  years  ago  they  were  casting  about  for 


Digitized  by 


80 


itEPOirr^l902 


the  means  of  goiog  100  degrees  lower  still.   The  difficulty,  it  need 
hardly  be  seid,  increases  in  a  geometrical  rather  than  in  an  arithmetical 
ratio.   Its  magnitude  may  be  estimated  from  the  fact  that  to  produce 
liquid  air  in  the  atmosphere  of  an  ordinary  laboratory  is  a  feat  analogoas 
to  the  production  of  liquid  water  starting  from  sUum  at  a  white  heat, 
and  working  with  all  the  implements  and  surroundings  at  the  same  high 
temperature.  The  problem  was  not  so  much  how  to  produce  intenae 
cold  as  how  to  save  it  when  produced  from  being  immediatdy  levelled  np 
by  the  relatively  superheated  surroundings.     Ordinary  xum-oondueting 
packings  were  Inadmissible  because  they  are  both  cumbrous  and  opiique, 
while  in  working  near  the  limits  of  our  resources  it  is  essential  that  the 
product  should  be  visible  and  readily  handled.   It  was  while  puzzling 
over  this  mechanical  and  manipulative  difficulty  in   1892   that  it 
occurred  to  me  that  the  principle  of  an  arrangement  used  nearly 
twenty  years  before  in  some  calorimetric  experiments,*  which  was  based 
upon   the   work   of   Dulong  and  Petit  on  radiation,  niiijlit    be  em- 
ployed with  advanta«ro  as  well  to  protect  cokl  substances  from  heat  iws 
hot  ones  from  rapid  cooling.    I  therefore  tried  the  ellect  i»f  keeping 
liquefied  gases  in  vessels  having  a  double  wall,  the  annular  space  between 
being  very  highly  exhausted.-     Experiments  showed  that   liquid  air 
evaporated  at  only  one-tifth  of  the  rate  prevailing  when  it  was  placed  in 
a  similar  unexhausted  vessel,  owing  to  the  conveotive  transference  of  heat 
by  the  gas  particles  being  enonnously  reduced  by  the  hicjh  vacuum.  But, 
in  addition,  these  vessels  lend  tlieniselves  to  an  arrangement  by  which 
radiant  ho^t  can  also  be  cut  off.    It  was  found  that  when  the  inner  walls 
were  coatevl  with  a  bright  deposit  of  silver  the  influx  of  heat  was  diminished 
to  one-sixth  the  amount  entering  without  the  metallic  coating.    The  totai 
effect  of  the  high  vacuum  and  the  silvering  is  to  reduce  the  ingoing  heat 
to  al)0ut  3  per  cent.    The  etlioiency  of  such  vessels  depends  upon  getting 
as  higli  a  vacuum  as  possible,  and  cold  is  one  of  the  best  means  of  efTect- 
ing  the  desired  exhaustion.    All  that  is  necessary  is  to  till  completely  the 
space  that  has  to  be  exhausted  witli  an  easily  condensable  vapour,  and  then 
to  freeze  it  out  in  a  receptacle  attached  to  the  primary  vessel  that  can  be 
sealed  off.    The  advantage  of  this  method  is  that  no  air-pump  is  required^ 
and  that  theoretically  there  is  no  limit  to  the  degree  of  exhaustion  that 
can  be  obtained.   The  action  is  rapid,  provided  liquid  air  is  the  cooling 
agent,  and  vapours  like  mercury,  water,  or  benzol  are  employed.    It  is 
obvious  that  when  we  have  to  deal  with  such  an  exceptionally  volatile 
liquid  as  hydrogen,  the  vapour  filling  may  be  omitted  because  air  itself  is 
now  an  easily  condensable  vapour.    In  ether  words,  liquid  hydrogen,  col- 
lected in  such  vessels  with  the  annular  space  full  of  air,  immediately 
aoUdifiei  the  air  and  thereby  surrounds  itself  with  a  high  vacuum.  In  the 
ssme  way,  when  it  shall  be  possible  to  collect  a  liquid  boiling  on  the 

»  •  On  the  rhysical  Constants  of  llydrogonium,'  Trans.  Hoy.  Hoc.,  cd.  1873. 
*  It  DOW  appeals  that  similar  vessels  ware  employed  by  Ftofessor  VioUe  in  a 
leacMCh  entitled  *  Bar  an  Oslorim^tie  par  Refroidissement,'  OomgUt  Jlendvt,  J88S* 
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abtolute  scale  at  about  5  degrees^  as  compared  with  the  20  degrees 
of  hydi^n,  then  yoa  might  have  the  annnlar  space  filled  with  the  latter 
gu  to  begin  with,  and  yet  get  directly  a  very  high  vacuam,  owing  to  the 
solidification  d  the  hydrogen.  Many  combinations  of  vaoaum  vessels  can 
be  arraogedf  and  the  lower  the  temperature  at  whioh  we  have  to  operate 
the  more  useful  they  become.  Vessels  of  this  kind  are  now  in  general 
ine^  and  in  them  liquid  air  has  crossed  the  American  continent.  Of  the 
various  forms,  that  variety  is  of  special  importance  which  has  a  spiral 
tube  joining  the  bottom  part  of  the  waUs,  so  that  any  liquid  gas  may  be 
drawn  off  from  the  interior  of  such  a  vessel  In  the  working  of  regenera- 
tive coils  such  a  device  becomes  a]l-importaat»  and  such  special  vessels 
cumot  be  dispensed  with  for  the  liquefaction  of  hydrogen. 

In  the  early  experiments  of  Pictet  and  CSailletet^  cooling  was  produced 
by  the  sudden  expansion  of  the  highly  compressed  gns  preferably  at  a  low 
temperature,  the  former  using  a  jet  tiiat  lasted  for  some  time,  the  latter 
an  instantaneous  adiabatie  expansion  in  a  strong  glass  tube.  Neither 
process  was  practicable  as  a  mode  of  producing  liquid  gases,  but  both  gave 
valoable  indications  of  partial  change  into  the  liquid  state  by  the 
production  of  a  temporary  mist.  lande,  however,  saw  that  the  continuous 
use  of  a  jet  of  highly  compressed  gas,  combined  with  regenerative  cooling, 
most  lead  to  liquefaction  on  account  of  what  is  called  the  Kelvin-Joule 
eftct ;  and  he  succeeded  in  making  a  machine,  based  on  this  principle, 
capable  of  producing  liquid  air  for  industrial  purposes.  These  experi- 
uenters  had  proved  that,  owing  to  moleeular  attraction,  compressed 
gases  passing  through  a  porous  plug  or  small  aperture  were  lowered  in 
tempermture  by  an  amount  depending  on  the  difference  of  pressure 
sad  inversely  as  the  square  of  the  absolute  temperature.  This  means 
tliat  for  »  steady  difference  of  pressure  the  cooling  is  greater  the  lower 
the  temperature.  The  only  gas  that  did  not  show  cooling  under  such 
conditions  was  hydrogen.  Instead  of  being  cooled  it  became  actually 
boiler.  The  reason  for  this  apparent  anomaly  in  the  Kelvin-Joule 
efleet  is  that  every  gas  has  a  thermometric  point  of  inversion  above 
which  it  is  heated  and  below  which  it  is  cooled.  This  inversion 
point,  according  to  van  der  Waals,  is  six  and  three-quarter  times  the 
critioal  point.  The  efficiency  of  the  Linde  process  depends  on  woridng 
with  highly  compressed  gas  well  below  the  inversion  temperature,  and  in 
this  rei^eot  this  point  may  be  said  to  take  the  place  of  the  critical  one, 
when  In  the  ordinary  way  direct  liquefaction  is  being  effected  by  the  use 
o(  spedfie  liquid  cooling  agents.  The  success  of  both  processes  depends 
upon  working  within  a  certain  temperature  range,  only  the  linde  method 
gives  us  a  much  wider  range  of  temperature  within  which  liquefaction  can 
be  effected.  This  is  not  the  case  if,  instead  of  depending  on  getting  cool- 
ing by  the  internal  work  done  by  the  attraction  of  the  gas  molecules,  we 
force  the  compressed  gas  to  do  external  work  as  in  the  well-known  air 
machines  of  Kirk  and  Coleman.  Both  these  inventors  have  pointed  out 
that  there  is  no  limit  of  temperature,  short  of  liquefaction  of  the  gas  in 
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use  in  the  circuit,  that  such  machines  are  not  capable  of  giving.  While 
it  is  theoretically  clear  that  such  machines  ought  to  be  capable  of  main- 
taining the  lowest  temperatures,  and  that  wiUi  the  least  expenditure  of 
power,  it  is  a  very  different  matter  to  overcome  the  practical  difficulties 
of  working  audi  machines  under  the  conditions.  Coleman  kept  a  machine 
delivering  air  at  minus  83  degrees  for  hours,  but  he  did  not  canj 
his  experiments  any  further.  Beoently  Monsieur  Claude,  of  Paris, 
has,  however,  succeeded  in  working  a  madiine  of  this  type  so  efficiently 
that  he  has  managed  to  produce  one  litre  of  liquid  air  per  horse  power 
expended  per  hour  in  the  running  of  the  engine.  This  output  is  twioe  as 
good  as  that  given  by  the  linde  machine,  and  there  is  no  reason  to  doubt 
that  the  yield  will  be  still  further  improved.  It  is  clear,  therefore^  that  in 
the  immediate  future  the  production  of  liquid  air  and  hydrogen  will  be 
effected  most  economically  by  the  use  of  machines  producing  cold  by  the 
expenditure  of  mechanical  work. 

Liquid  Hydrogen  and  Helium, 

To  the  physicist  the  copious  production  of  liquid  air  by  the  methods 
described  was  of  peculiar  interest  and  value  as  affording  the  means  of 
attacking  the  Car  more  difficult  problem  of  the  liquefaction  of  hydrogen, 
and  even  as  encouraging  the  hope  that  liquid  hydrogen  might  in  time  be 
employed  for  the  liquefaction  of  yet  more  volatile  elements,  apart  from  the 
importance  which  its  Uqu^ction  must  hold  in  the  process  the  steady 
advance  towards  the  absolute  sera  Hydrogen  is  an  element  of  especial 
interest,  because  the  study  of  its  properties  and  chemical  relations  led 
great  chemists  like  Faraday,  Dumas,  Daniell,  Graham,  and  Andrews  to 
entertain  the  view  that  if  it  could  ever  be  brought  into  the  8tat«  of  liquid 
or  solid  it  would  reveal  metallic  characters.  Looking  to  the  special 
chemical  relations  of  the  coinbiued  liydroi^pii  in  water,  alkaline  oxides, 
acids,  and  salts,  togetlu^r  witli  the  beliaviourof  tiicse  substances  on  electro- 
lysis, we  are  forced  to  conclude  that  hydrogen  behaves  as  the  atialogue  of 
a  metal.  After  the  beautiful  discovery  of  Graham  that  palladium  can 
absorb  some  hundreds  of  times  its  own  volume  of  hydrogen,  and  still 
retain  its  lustre  and  general  metallic  character,  the  impression  that 
hydrogen  was  probably  a  member  of  the  metallic  cfroup  became  very 
general.  The  only  chemist  who  adopted  another  view  was  my  distinj^jisliod 
predecessor,  Professor  Odling.  In  Ids  '  Manual  of  Chemistry,'  published 
in  ISGl,  lie  pointed  out  that  hydrogen  has  chlorous  as  well  as  basic 
relations,  and  that  thry  are  as  decided,  important,  and  frequent  as  its 
other  relations.  From  such  considerations  he  arrive<l  at  the  conclusion 
that  hydrogen  is  essentially  a  neutral  or  intermediate  body,  and  therefore 
we  slioiild  not  expect  to  lind  li<juid  or  solid  hydrogen  possess  the  appear- 
ance of  a  metal.  This  extraordinary  prevision,  so  characteristic  of 
Odling,  was  pro\ed  to  be  correct  some  thirty-seven  years  after  it  was 
made.  Another  curious  anticipation  was  made  by  Dumas  in  a  letter 
addressed  to  Fictet»  in  which  he  says  that  the  metal  most  analogous  to 
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hydrogen  is  mao^nesium,  and  that  probably  both  elements  have  the  same 
atomic  volume,  so  that  the  density  of  liydrogen,  for  t  his  reason,  would  be 
about  the  value  elicited  by  subsequeni  experiments.  Later  on,  in  1872, 
when  Newlands  began  to  arrange  the  elements  in  periodic  groups,  he 
regard^  hydrogen  as  the  lowest  member  of  (lu-  chlorine  family  ;  but 
Mendeleef  in  his  later  classification  placed  hydroi^en  in  the  group  of  t)ir 
alkahne  metals  ;  on  the  other  hand,  Dr.  Johnstone  Stoney  classes  hydro^iMi 
with  tlie  alkaline  earth  metals  and  magnesium.  From  this  speculative 
divergenc}'  it  is  clear  no  definite  conclusion  could  be  readietl  r(  yarding 
the  physical  properties  of  lifjuid  or  solid  hydrogen,  and  the  only  way  to 
arrive  at  the  truth  was  to  prosecute  low-temperature  research  until 
gQccess  attended  the  efforts  to  produce  its  li(|ueta(  tion.  This  result  I 
definitively  obtained  in  1?<'JS.  The  case  of  liquid  hydrogen  is,  in  fact,  an 
excellent  illustration  of  the  truth  already  referred  to,  that  no  theoretical 
forecast,  however  apparently  justitied  Ijy  analogy,  can  be  finally  accepted 
as  true  until  contirmed  by  actual  experiment.  Liquifl  hydrogen  is  a 
colourless  transparent  body  f>f  extraordinary  intrinsic  interest.  It  has  a 
clearly  defineil  surface,  is  easily  seen,  drops  well,  in  spite  of  the  fact  that 
its  surface  tension  is  only  the  thirty-liftli  pai  t  of  that  of  water,  or  about 
one-fifth  that  of  liquid  air,  and  can  l>e  poured  easily  from  vessel  to  vessHl, 
The  liquid  does  not  conduct  electricity,  and,  if  anything,  is  slightly 
diauiairnetic.  Compared  with  an  equal  volume  of  liquid  air,  it  requires 
"j.'ily  one-tifth  the  quantity  of  heat  for  vaporisfition  ;  on  the  other  hand. 
Its  specific  heat  is  six  times  that  of  liquid  air  or  three  times  that  of 
water.  The  coefiicient  of  expansion  of  the  fluid  is  remarkable,  being  about 
ten  times  that  of  the  gas  ;  it  is  by  far  the  lightest  liquid  known  to  exist, 
its  density  being  only  one-fourteenth  that  of  water  ;  the  lightest  liquid 
previously  known  was  liquid  marsh  gas,  which  is  six  times  heavier. 
The  only  solid  which  has  so  small  density  as  to  float  upon  its  soilsce  is  a 
piece  of  pith  wood.  It  is  by  far  the  coldest  liquid  known.  At  ordinaiy 
atmospheric  pressure  it  boils  at  minus  252-5  degrees  or  20*5  d^rees 
absolute.  The  critical  point  of  the  liquid  is  from  30  to  32  degrees 
absolute,  and  the  critical  pressure  not  more^  but  probably  less,  than  15 
atmospheres.  The  vapour  of  the  hydrogen  arising  from  the  liquid  has 
nearly  the  density  of  air — that  is,  it  is  fourteen  times  that  of  the  gas  at 
Um  ordinary  temperature.  Reduction  of  the  pressnte  by  an  air-punq|» 
brings  down  the  temperature  to  fRtftu^;  '2^>^  degrees,  when  the  liquid  becomes 
t solid  resembling  frozen  foam,  and  this  by  further  exhaustion  is  oooled  to 
aMaiM259'5  degrees,  or  13^  degrees  absolute,  which  is  the  lowest  steady  tom- 
pentnro  that  has  been  reached.  The  solid  may  also  be  got  in  the  fonn  of  a 
dear  transparent  ioe^  melting  at  about  15  degrees  absolute,  under  a  pressure 
of  55  mm.,  possessing  the  imique  density  of  one-tenth  that  of  water. 
Bach  cold  involves  the  solidification  of  every  gsseous  substance  but  ono 
tisit  is  at  present  definitely  known  to  the  chemist,  and  so  liquid  hydrogen 
introdttoes  the  investigator  to  a  world  of  solid  bodies.  The  contrast 
between  this  refrigenting  substance  and  liquid  air  is  most  remarkable. 
1902.  D 
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On  the  removal  of  the  loose  plug  of  ootton-wool  vied  to  coyer  the 

mouth  of  the  vacuum  vessel  in  which  it  is  stored,  the  action  is  followed 
by  a  miniature  snowstorm  of  solid  air,  formed  by  the  freezing  of  the 
Htmosphere  at  the  point  wliere  it  como.s  into  contact  with  the  cold  vapour 
risinij  from  the  liquid.  This  solid  air  falls  into  the  vessel  and  accumulates 
as  :i  white  snow  at  the  bottom  of  the  liijuid  hydrogen.  When  the 
outside  of  iui  ordinary  test  tube  is  cooled  by  immcrsirm  in  the  liquid, 
it  i.3  soon  observtMl  to  till  up  with  solid  air,  and  if  the  tube  be  now  lifted 
out  a  double  cflVH-t  is  vij>ible,  for  liquid  air  is  pnxluced  both  in  tlic  inside 
»nd  on  the  outside  of  the  tube — in  the  one  case  by  the  melting  of  the 
golid,  and  in  the  othfr  by  cond«  iihation  from  the  atmosphere.  A  tuft 
of  cotton-wool  .soaked  in  the  liquid  and  then  held  near  the  pole  of  a 
strong  magnet  is  attracted,  and  it  might  be  inferred  therefrom  that 
liquid  hydrogen  is  a  magnetic  body.  Tliis,  however,  is  not  the  case  : 
the  attraction  is  due  neither  to  the  cotton- wool  nor  to  the  hydrogen — 
which  indeed  evaporates  almost  as  soon  as  the  tuft  is  taken  out  of  the 
li(}uid — but  to  the  oxygen  of  the  air,  which  is  well  known  to  be  a  magnetic 
body,  frozen  in  the  wool  by  the  extreme  cold. 

The  strong  condensing  powers  of  liquid  hydroiren  afford  a  simple 
means  of  producing  vacua  of  very  hii^h  tenuity.  When  one  end  of  a 
se.ilf^d  tube  containing  ordinary  air  is  placed  for  a  short  time  in  the  liquid, 
the  contained  air  accumulates  as  a  solid  at  the  bottom,  while  the  higher 
part  is  almost  entirely  deprived  of  particles  of  gas.  So  perfect  is  the 
vacuum  thus  formetl,  that  the  electric  discharge  can  be  made  to  pass  only 
with  the  greatest  difficulty.  Another  important  application  of  liquid  air, 
liquid  hydrogen,  <fcc.,  is  as  analytic  aij*nits.  Thus,  if  a  gaseous  mi.xture  be 
cooled  by  means  of  liquid  oxygen,  only  those  constituents  will  be  left  in 
the  gaseous  state  which  are  less  condensable  than  oxygen.  Similarly,  if 
this  gaseous  residue  be  in  its  turn  cooled  in  liquid  hydrogen  a  still  further 
separation  will  be  eff«'ct*'d,  everything  that  is  less  volatile  than  hydrogen 
l>eing  condensed  to  a  li({uid  or  solid.  By  proceeding  in  this  fashion 
it  h:is  been  found  possible  to  isolate  helium  from  a  mixture  in  which 
it  is  present  to  the  extent  of  only  one  part  in  one  thousand.  By 
the  evaporation  of  solid  hydrogen  under  the  air-jminp  we  can  roach 
within  13  or  14  degrees  of  the  zero,  but  there  or  thereabouts  our 
progress  is  barred.  This  gap  of  l.'i  degrees  niiglit  .seem  at  first 
sight  insignificant  in  comparison  with  the  hundreds  that  have  already 
been  conqiiered.  But  to  win  one  degree  low  down  the  scale  is  quite 
a  ditferent  matter  from  doing  so  at  higher  temperatures ;  in  fact» 
to  annihilate  these  few  remaining  degrees  would  be  a  far  greater 
achievement  than  any  so  far  accomplished  in  low-temperature  research. 
For  the  difficulty  is  twofold,  having  to  do  partly  with  process  and  partly 
with  material.  The  application  of  the  methods  used  in  the  liquefaction 
of  gases  becomes  continually  harder  and  more  troublesome  as  the  working 
.temperature  is  reduced ;  thus,  to  pan  from  liquid  air  to  liquid  hydrogen — 
sk  difference  of  60  degrees — iM,  from  a  thermodTnamic  point  of  view,  as 
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Afiieidt  as  to  bridge  the  gap  of  150  degrees  that  separates  liquid  chlorine 
tad  liquid  air.   By  the  use  of  a  new  liquid  gat  exceeding  hydrogen  in 
folttility  to  the  same  extent  as  liych-ogen  does  nitrogen,  the  investigator 
might  get  to  within  fire  de^^rees  of  the  zero  ;  bat  even  a  second  hypothe- 
tksl  substance,  again  exceeding  the  first  one  in  volatility  to  an  equal 
extent,  would  not  suffice  to  bring  him  quite  to  the  point  of  his  ambitkm. 
Ibst  the  sero  will  ever  be  reached  by  man  is  extremely  improbabla  A 
tkmnometer  introduced  into  regions  outside  the  uttermost  confines 
d  the  earth's  atmosphere  might  approach  the  absolute  xero,  provided 
that  its  parts  were  highly  transparent  to  all  kinds  of  radiation,  other- 
wm  it  would  be  aflfocted  by  the  radiation  of  the  sun,  and  would  there- 
loie  become  heated.    But  supposing  all  difficulties  to  be  overcome, 
sod  the  experimenter  to  be  able  to  reach  within  a  few  degrees  of  tiie 
sero^  it  is  by  no  means  certain  that  he  would  find  the  near  approach 
d  the  death  of  matter  sometimes  pictured.   Any  forecast  of  the  phe- 
iH—ena  that  would  be  seen  must  be  based  on  the  assumption  that 
tee  ia  continuity  between  the  processes  studied  at  attainable  tem- 
peratures and  those  which  take  place  at  still  lower  ones.    Is  such  an 
assumption  justified  1    It  is  true  that  many  changes  in  the  properties  of 
sahstances  have  been  found  to  vary  steadily  with  the  degree  of  cold  to 
which  they  are  exposed.    But  it  would  be  rash  to  take  for  granted  that 
the  changes  which  have  been  traced  in  explored  regions  continue  tu  the 
same  extent  and  in  the  same  direction  in  those  which  are  as  yet  unex- 
plored.    Of  such  a  breakdown  low -temperature  research  has  already 
yielded  a  direct  proof  at  least  in  one  case.    A  .series  of  experiments  with 
pare  metals  showed  that  their  electrical  resistance  gradually  decreases  as 
they  are  cooled  to  lower  and  lower  temperatures,  in  such  ratio  that  it. 
appeared  probable  that  at  the  zero  of  absolute  temperature  they  would 
Lave  DO  re.-,istance  at  all  and  would  become  perfect  conductors  of  elec- 
tricity.   Tills  was  the  inference  tliat  seemed  justiliable  by  observations 
taken  at  depths  of  cold  which  can  be  obtained  by  means  of  liquid  air  and 
les3  powerful  refrigerants,    liut  witli  the  advent  of  the  more  powerful 
refrigerant  liquid  hydrogen  it  became  necessary  to  revise  that  conclusion. 
A  discrepancy  was  tlrst  observed  when  a  j>latinum  resistance  thermometer 
was  used  to  asi-ert;iin  the  temperature  of  that  liquid  boilinL;  under  atmo- 
spheric and  reduct  d  pressure.    All  known  liquids,  when  forctnl  to  evaporate 
quickly  by  being  placed  in  the  exhausted  receiver  of  an  air  pump,  r.ndergo 
ii  reduction  in  temj>eraturej  but  when  hydrogen  was  treated  in  this  way 
it  appeared  to  be  an  exception.    The  resistance  thermometer  shuwed  no 
such  reduction  as  was  expected,  and  it  Ijccame  a  question  whether  it  was 
the  hydrogen  or  the  thermometer  that  was  behaving  abnormally.  Ulti- 
mately, by  the  adoption  of  otiier  tiiermometrical  appliances,  the  tempera- 
ture of  the  hydrogen  was  proved  to  be  lowered  by  exhaustion  as  theory 
indicated.    Hence  it  was  the  platinum  thermometer  wliich  had  broken 
down  ;  in  other  words,  the  electrical  resistan(  f  of  the  metal  employed  in 

lis  construction  was  not,  at  temperatures  about  minus  250  C,  decreased 
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by  cold  in  the  same  proportion  as  at  temperatures  about  minn^  200  degrees. 
Tliis  being  tlie  case,  there  is  no  longer  any  reason  to  suj)pose  that  at  the 
absolute  zero  platinum  would  become  a  perfect  conductor  of  electricity  ; 
and  in  view  of  the  similarity  between  the  beliaviour  of  platinum  and  that 
of  other  pure  metals  in  respect  of  temperature  and  conductivity,  the  pre- 
sumption is  that  the  same  is  true  of  them  also.  At  any  rate,  the  know- 
ledge that  in  the  case  of  at  least  one  property  of  matter  we  have  succeeded 
in  attaining  a  depth  of  cold  suthcient  to  bring  al»out  unexpected  change 
in  the  law  expressing  the  variation  of  that  property  with  temperatui-e,  is 
sufficient  to  show  the  necessity  for  extreme  caution  in  extending  our  infer- 
ences regarding  the  properties  of  matter  near  the  zero  of  teniperatnre. 
Lord  Kelvin  evidently  anticipates  the  possibility  of  more  remarkable  elec- 
trical properties  beinc:  met  with  in  the  metals  near  the  zero.  A  theoretical 
investigation  on  the  relation  of  'electrions'  and  atoms  has  led  him  to  siiir 
gest  a  hypothetical  metal  having  the  following  remarkable  properties  :  Ix'low 
1  degr  ee  absolute  it  is  a  perfect  insulator  of  electricity,  at  '2  degrees  it  shows 
noticeable  conductivity,  and  at  6  degrees  it  possesses  high  conductivity.  It 
may  safely  be  predicted  that  liquid  hydrogen  will  be  the  means  by  which 
many  obscure  problems  of  physics  and  chemistry  will  ultimately  be 
solved,  80  that  the  liquefaction  of  the  last  of  the  old  permanent  gases  is 
as  pregnant  now  with  future  consequences  of  great  scientific  moment  as 
was  the  liquefaction  of  chlorine  in  the  early  years  of  the  last  century. 

The  next  step  towards  the  absolnte  zero  is  to  find  another  gas  more 
volatile  than  hydrogen,  and  that  we  possess  in  the  gas  occurring  in  clevite, 
identified  by  Ramsay  as  helium,  a  gas  which  is  widely  distributed,  like 
hydrogen,  in  the  sun,  stars,  and  nebulae.  A  specimen  of  this  gas  was 
snbjeotedby  Olszewski  to  liquid  air  temperatures,  combined  with  com- 
pression and  subsequent  expansion,  following  the  Cailletet  method,  and 
resulted  in  his  being  unable  to  discover  any  appearance  of  liquefisetion, 
even  in  the  form  of  mist.  His  experiments  led  him  to  infer  that  the 
bdling-point  of  the  snbstanee  is  probably  below  9  degrees  absolnte. 
After  Lord  Rayleigh  had  found  a  new  source  of  beUnm  in  the  gases  which 
are  derived  from  the  Bath  springs,  and  liquid  hydrogen  beeame  available 
as  a  cooling  agent,  a  specimen  of  helium  cooled  in  liquid  hydrogen  showed 
the  formation  of  fluid,  but  this  turned  out  to  be  owing  to  the  presence  of 
an  unknown  admixture  of  other  gases.  As  a  inatter  of  fsiet^  a  year 
b^ore  the  date  of  this  experiment  I  had  recorded  indications  of  the 
presence  of  unknown  gases  in  the  spectrum  of  helium  derived  from  this 
source.  When  subsequently  such  condensable  constituents  were  removed, 
the  purified  helium  diowed  no  signs  of  liquefaction,  even  when  com- 
pressed to  80  atmospiieres,  while  the  tube  containing  it  was  sur- 
rounded  with  solid  hydrogen.  Further,  on  suddenly  expanding,  no 
instantaneous  mist  appeared.  Thus  helium  was  definitely  proved  to  be  a 
much  more  volatile  substance  than  hydrogen  in  either  tiie  liquid  or  solid 
condition.  The  inference  to  be  drawn  from  the  adiabatic  expansion 
effected  under  the  circumstances  is  that  helium  must  have  touched  a  tempo- 
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ntareof  from  9  to  10  degrees  for  a  short  time  without  Bhowing  any  sigDs  of 
hqnefaction,  and  consequently  that  the  critical  point  must  be  still  lower. 
This  would  force  us  to  anticipate  that  the  boiling-point  of  the  liquid  will 
be  about  5  d^rees  absolute,  or  liquid  helium  will  be  four  times  more 
tdatile  than  liquid  hydrogen,  just  as  liquid  hydrogen  is  four  times  more 
Tolatile  than  liquid  air.    Although  the  liquefaction  of  the  gas  is  a  pro- 
blem for  the  future,  this  does  not  preNeut  us  from  anticipating  some 
of  tiie  properties  of  the  Huid  Ix^dy.    It  would  be  twice  iis  denso  as  licjuid 
bv(iro<'en  if  the  ratio  of  the  critical  constants  has  the  same  \aliie  as 
in  the  case  of  hydrogen — that  is  to  say,  the  critical  pressure     ill  not 
exceed  4  or  5  atmospheres.    The  liquid  would  on  this  assumption  })ossesa 
a  very  feeble  surface-tension,  and  its  compressibility  and  expansibility 
v  oulii  be  about  four  times  that  of  liquid  hydrogen,  while  the  heat  required 
U)  vaporise  the  molecule  would  be  about  one-fourth  that  of  liquid  hydro- 
gen.   If  the  critical  pressure  should  turn  out  to  be  as  high  as  that  of 
nitrogen  or  oxygen,  then  the  fluid  density  would  exceed  that  of  water 
and  the  surface-tension  be  increased,  while  the  compressibility  would  be 
diminished.    Heating  the  liquid  1  degree  above  its  boiling-point  would 
mise  the  pressure  by  1 J  atmosphere,  which  is  more  than  four  times  the 
increment  for  liquid  hydrogen.     The  liquid  would  be  only  seventeen 
times  denser  than  its  \  apour,  whereas  liquid  hydrogen  is  sixty-tive  times 
iln.-.iT  than  the  gas  it  gives  off.     Only  some  3  or  4  degrees  would 
aeparat^  the  critical  temperature  from  the  boiling-point  and  the  melting- 
point,  whereas  in  liquid  hydrogen  the  separation  is  respectively  10  and 
15  degrees.    As  the  liquid  refracti.\ ities  for  oxygeu,  nitrogen,  and  hydro- 
f^n  are  closely  proji'»rtioual  to  the  gaseous  values,  and  as  Lord  Rayleigh 
has  shown  that  helium  has  only  one-fourth  the  refractivity  of  hydrogen, 
although  it  is  twice  as  dense,  we  may  infer  that  the  refractivity  of 
liquid  helium  would  also  be  about  one-fourth  that  of  liquid  hydrogen, 
unless  the  critical  pressure  is  high,  which  would  necessitate  an  increase 
in  the  value.     Now  hydrogen  has  the  smallest   refractivity  of  any 
blown  liquid,  and  yet  liquid  helium  will  have  only  about  one  fourth 
of  this  value — comparable,  in  fact,  with  liquid  hydrogen  just  below  its 
critical  point.    This  means  that  the  liquid  will  bo  quite  exceptional  in 
its  optical  properties,  and  very  difficult  to  see.    This  may  bo  the  ex- 
planation of  why  no  mist  has  been  seen  on  its  adiabatic  expansion  from 
the  lowest  temperatures.    Taking  all  these  rernaf  kaV)le  jiroperlies  of  the 
liquid  into  consideration,  one  is  afraid  to  predict  that  we  are  at  present 
able  to  cope  with  the  difficulties  involved  in  its  production  and  collection. 
Provided  the  critical  point  is,  ho'.vever,  not  below  8  degrees  absulute, 
then  from  the  kiio\vlfd<r»'  of  the  conditio!is  that  are  successful  in  pro- 
ducing a  change  of  state  in  hydrogen  throuLjii  tlu;  use  of  liquid  air,  Me 
may  safely  predict  that  helium  can  be  licjuetied  by  following  similar 
methods.    If,  however,  tlie  critical  point  is  as  low  as  G  degrees  absolute, 
then  it  would  be  almost  hopeless  to  anticipate  success  by  adopting  the  pro- 
ceiB  that  works  so  well  with  hydrogen.    The  present  anticipation  is  that 
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the  gas  will  raocumb  after  being  subjocted  to  this  process,  only,  instead  off 
liquid  air  under  exhaustion  being  used  as  tlie  primary  cooling  agent,  liquid 
hydrogen  evaporating  under  similar  circumstances  must  be  employed.  In 
this  case  the  resulting  liquid  would  require  to  l>e  collected  in  a  vacaum 
vessel,  the  outer  walls  of  wliich  are  iiiunersed  iji  liquid  hydrogen.  The 
practical  difficulties  and  the  cost  of  the  operation  will  be  very  great  ;  but 
on  the  other  hand,  the  descent  to  a  temperature  within  5  (lej^Tct  s  of  the 
zero  would  open  out  new  vistas  of  scientihc  inquiry,  which  would  add 
immensely  to  our  knowktlge  of  the  properties  of  matter.    To  command  in 
our  laboratories  a  temperature  which  would  be  equivalent  to  that  which 
a  comet  might  reach  at  an  infinite  distance  from  the  sun  would  indeed 
be  a  great  triumph  for  science.    If  the  pre<fnt  Koyal  Institution  attack 
on  helium  should  fail,  then  we  must  ultimately  succeed  by  adopting  3 
process  based  on  the  mechanical  produetion  of  cold  through  the  perform- 
ance of  external  work.    When  a  turbine  can  be  worked  by  compressed 
helium,  the  whole  of  the  mechanism  and  circuits  being  kept  surnnindod 
with  liqui<l  hydrogen,  then  we  need  hardly  doubt  that  the  li(]uefaction 
will  be  effected.    Tn  all  probability  gases  other  than  helium  will  be  dis- 
covered of  greater  volatility  thr.n  hydrogen.    It  was  at  the  British  Asso- 
ciation Meeting  in  1896  that  I  made  the  first  suggestion  of  the  probable 
existence  of  an  unknown  element  which  would  be  found  to  fill  up  the  ijrap 
between  argon  and  helium,  and  this  anticipation  was  soon  taken  up  by  othOTi 
and  ultimately  confirmed.  Later,  in  the  Bakerian  Lecture  for  1001, 1  was 
led  to  infer  that  another  member  of  the  helium  group  might  exist  having 
the  atomic  weight  about  2,  and  this  would  give  118  a  gas  still  more  volatih^, 
with  which  the  absolute  zero  might  be  still  more  nearly  approached.  It 
is  to  be  hoped  that  some  such  element  or  elements  may  yet  be  isolated 
and  identified  as  coronium  or  nebulinm.    If  amongst  the  unknown  gases 
possessing  a  veiy  low  critical  point  some  have  a  high  critical  pressnre^i 
instead  of  a  low  one,  which  ordinary  experience  would  lead  us  to  antici- 
pate, then  such  diflficultly  liquefiable  gases  would  produce  fluids  having 
different  physical  properties  from  any  of  those  with  which  we  are 
acquainted.   Again,  gases  may  esust  having  smaller  atomic  weights  and 
densities  than  hydrogen,  yet  all  such  gases  must,  according  to  our  present 
views  of  the  gaseous  state,  be  capable  of  Hquefaedon  before  the  zero  of 
temperature  is  reached.   The  chemists  of  the  future  will  find  ample  scope 
for  investigation  within  the  apparently  limited  range  of  temperature 
which  separates  solid  hydrogen  from  the  zero.   Indeed,  great  as  is  the 
sentimental  interest  attached  to  the  liquefaction  of  these  refractory  gases, 
the  importance  of  the  achievement  lies  rather  in  the  fact  that  it  opens  out 
new  fields  of  research  and  enormously  widens  the  horizon  of  physical 
science^  enabling  the  natural  philosopher  to  study  the  properties  and 
behaviour  of  matter  under  entirely  novel  conditions.   This  department 
of  inquiry  is  as  yet  only  in  its  infancy,  but  speedy  and  extensive  develop- 
ments  may  be  looked  for,  since  within  recent  years  several  special  cryo- 
genic laboratories  have  been  established  for  the  prosecution  of  such 
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researches,  and  a  liquid-air  plant  is  becoming  a  comuion  adjunct  uj  the 
equipmeut  of  the  ordinary  laboratory. 

The  Upper  Air  and  Auroras. 

Tlie  present  liquid  ocean,  ne{:;lecting  everything  for  the  moment  but 
the  water,  was  at  a  previous  jx  ritKl  of  the  earth's  history  part  of  i\w 
atmosphere,  and  its  condens.ition  has  been  brouglit  about  by  the  i,M:wluuJ 
cooling  of  the  earth's  surface.  Tliis  resulting  ocean  is  subjected  to  the 
pre&jure  of  the  remaining  uncond«'nsed  gases,  and  as  these  are  slightly 
S(^able  they  dissolve  to  sonic  extent  in  the  tluid.  The  gases  in  solution 
can  be  taken  out  by  distillation  or  by  exhausting  the  water,  and  if  wo 
compare  their  volume  with  the  volume  of  the  water  as  steam,  we  should 
find  about  1  volume  of  air  in  60,000  volumes  of  steam.  This  would 
then  be  about  the  rough  proportion  of  the  relatively  permanent  gas 
condensable  gas  which  existed  in  the  ease  of  the  vaporised  ocean.  Now  let 
us  assume  the  surface  of  the  ejirth  gradurJly  cooled  to  some  200  degrees 
below  the  freezing-point  ;  then,  aftpr  all  the  present  ocean  was  frozen, 
and  the  climate  became  three  times  more  intense  than  any  arctic 
frost,  a  now  ocean  of  liquid  air  would  appear,  covering  the  entire  surface 
of  the  fru/.f'n  globe  about  35  feet  deep.  We  may  now  apply  the 
same  reasoning  to  the  li(iuid  air  ocean  that  we  foruieily  did  to  the 
water  one,  and  this  would  lead  us  to  anticipate  that  it  might  cont^ain  in 
solution  some  gases  that  may  be  far  less  con(](  usable  than  the  chi«^f 
constituents  of  the  Huid.  In  order  to  .separate  them  we  niu.^t  imitate 
the  method  of  taking  the  gases  out  of  water.  Assunie  a  sample  of 
liqui  i  air  cooled  to  the  low  temperature  that  can  be  reached  by  its  own 
evnpuration,  connected  by  a  j)i]>c  to  a  condenser  cooled  in  lit|uid  hydrogen  ; 
th»^n  any  volatile  ceases  present  in  solution  will  distil  owr  with  the 
tirst  portions  of  the  air,  and  can  be  pumped  off,  being  uncoiidensalde 
atthe  temperature  of  tlie  condenscM'.  In  this  way,  a  gas  mixture,  con- 
taining, of  tlie  known  gases,  free  hychoL;cn,  helium,  and  neon,  has  been 
separated  from  liquid  air.  It  is  interesting  to  note  in  jmssing  that  the 
relative  volatilities  of  water  and  oxygen  are  in  the  same  ratio  as  those  of 
liquid  air  and  hydrogen,  so  that  the  analogy  between  the  ocean  of  water 
and  that  of  liquid  air  has  another  suggestive  parallel.  The  total  uncon- 
densable  gas  separated  in  this  way  amounts  to  about  one  tifty-thousandth 
of  the  volume  of  the  air,  which  is  about  the  same  proportion  as  the  air 
dissolved  in  water.  That  free  hydrogen  exist*  in  air  in  small  amount 
il  OODclatiTely  proved,  but  the  actual  proportion  found  by  the  process  is 
very  much  smaller  than  Gautier  has  estimated  by  the  combustion 
method.  Tlie  recent  experiments  of  Lord  Rayleigh  show  that  Gautier, 
vbo  estimated  the  hydrogen  present  as  one  filve-tbousandth.  has  in  some 
viy  produced  more  hydrogen  than  he  can  manage  to  extnvct  from  pure 
air  by  a  repetition  of  the  same  process.  The  spectroscopic  examination 
U  these  gases  throws  new  light  upon  the  question  of  the  aurora  and  the 
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nature  of  the  upp«'r  air.    On  passin;^  electric  discharges  throii^^h  the 
tubes  contaiDing  the  most  volatile  of  the  atmospheric  gases,  they  glow 
with  a  bright  orange  light,  which  is  especially  marked  at  the  negative 
pole.    The  spectroscope  showB  that  this  light  consists,  in  the  visible  part 
of  the  spectrum,  chiefly  of  a  succession  of  strong  rays  in  the  red,  orang^e, 
and  yellow,  attributed  to  hydrogen,  helium,  and  neon.    Besides  these, 
a  vast  number  of  rays,  generally  less  brilliant,  are  distributed  through 
the  whole  length  of  the  yinble  spectrum.    The  greater  part  of  these 
rays  are  o^  as  yet,  unknown  origin.    The  violet  and  ultra-violet  part  of 
the  speetnim  rivals  in  strength  that  of  the  red  and  yellow  mys.  As 
these  gases  probably  include  some  of  the  gases  that  pervade  inter- 
planetary spaoe,  search  was  made  for  the  prominent  nebular,  coronal,  and 
auroral  lines.    No  definite  lines  agreeing  with  the  nebular  spectrum  oould 
be  found,  but  many  lines  occurred  closely  coincident  with  the  coronal 
and  auroral  spectrum.   But  before  discussing  the  spectroscopic  problem 
it  will  be  neoessaiy  to  consider  the  nature  and  condition  of  the  upper 
air. 

According  to  the  M  law  of  Dalton,  supported  by  the  modem  dynamical 
theory  of  gase%  each  ccmstituent  of  the  atmosphere  while  acted  upon  hy 
the  force  of  gravity  fbrms  a  separate  atmosphere,  completely  independent 
except  as  to  temperature,  of  the  others,  and  tibe  relations  between  the 
common  temperature  and  the  pressure  and  altitude  for  each  specific 
Atmosphere  can  be  definitely  expressed.   If  we  assume  the  altitude  and 
temperature  known,  then  the  pressure  can  be  ascertained  for  the  same 
height  in  the  case  of  each  of  the  gaseous  constituents,  and  in  tiiis  way 
the  percentage  composition  of  the  atmoq»here  at  that  place  may  be 
deduced.   Suppose  we  start  with  a  surface  atmosphere  having  the  com- 
podtion  of  our  air,  only  containing  two  ten-thousandths  of  hydrogen,  then 
«t  thirty-seven  miles,  if  a  sample  could  be  procured  for  analysis,  we 
believe  that  it  would  be  found  to  contain  12  per  cent,  of  hydrogen  and 
only  10  per  cent,  of  oxygen.   The  carbonic  add  practically  disappears  ; 
and  by  the  time  we  reach  forty-seven  miles,  where  the  temperature  is 
minus  l'i2  degrees,  assuming  a  gradient  of  3  2  degrees  per  mile,  the 
liitrogen  and  oxygtii  have  so  thinned  out  tliat  the  only  constituent  of 
the  upper  air  which  is  li^ft  is  hydrogen.    Tf  the  gradient  of  temperature 
were  doubled,  the  elimination  of  the  nitro<jjen  and  oxygen  would  take 
place  by  the  time  thirty-st  ven  miles  was  readied,  witli  a  temperature  of 
minus  220  degrees.    The  permaneiicM'  of  the  composition  of  the  air  at  the 
highest  altitudes,  as  deduced  from  the  basis  of  the  dynamical  theory  of 
gases,  has  Ijei  ii  discussed  by  Sloney,  Bryan,  and  others.    It  would  appear 
that  there  is  a  consensus  of  opinion  that  the  nite  at  which  ^asps  like 
hydrogen  and  helium  could  escajK*  from  the  earth's  atmosphere  would  be 
excessively  slow.    Considering  that  to  compensate  any  such  Ions  the  same 
gases  are  being  supplied  by  actions  taking  place  in  the  crust  of  the  earth, 
we  may  safely  regard  them  as  necessarily  permanent  constituents  of  the 
upper  air.    The  temperature  at  tlie  elevations  we  have  been  discussing 
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moM  sot  be  soffident  to  cause  any  liquefaction  of  the  nitrogen  and  oacj- 
gen,  the  pressare  being  eo  low.  If  we  amme  the  mean  tempcratare  aa 
aboDt  the  boiling-point  of  oxygen  at  atmoepherio  pressnrei  then  a  con- 
ddenble  amount  of  th»  carbonic  acid  moat  iiolidify  as  a  miat^  if  the  air 
Irhii  a  lower  level  be  cooled  to  thii  temperature ;  and  the  aame  result 
might  tske  place  with  other  gases  of  r^tivelj  small  volatility  which  ooenr 
in  air.  This  would  explain  the  clouds  that  have  been  seen  at  an  elevation 
si  fifty  miles,  without  assuming  the  possibility  of  water  vapour  being 
cttrisd  up  so  high.  The  temperature  of  the  upper  air  must  be  above  that 
m  the  vapour  pressure  curve  corresponding  to  the  barometric  pressure  at 
the  locality,  otlierwise  liquid  condensation  must  take  place.  In  other 
wQcdi^  the  temperature  must  be  above  the  dew-point  of  air  at  that  place. 
At  hii^ier  devatioos,  on  any  leasooaMe  assumption  of  temperature  distri- 
batioD,  we  inevitably  readi  a  temperature  where  the  air  would  condense, 
jut  as  Fourier  and  Poisson  supposed  it  would,  unless  the  temperature  is 
sirerted  in  some  way  from  approaching  the  zero.  Both  ultra-violet 
shmrption  and  the  prevalence  of  electric  storms  may  have  something  to 
do  with  the  maintenance  of  a  higher  mean  temperature.  The  whole  mass 
of  the  air  above  forty  miles  is  not  more  than  one  seven-hundredth  part  of 
the  total  mass  of  the  atmosphere,  so  that  any  rain  or  snow  of  liquid  or 
Sl^  air,  if  it  did  occur,  would  necessarily  be  of  a  very  tenuous  descrip-. 
tioo.  In  any  case,  the  dense  gases  tend  to  accumulate  in  the  lower  strata, 
snd  the  lighter  ones  to  predominate  at  the  higher  altitudes,  always  as- 
suming that  a  steady  state  of  equilibrium  has  been  reached.  It  must  be 
observed,  however,  that  a  sample  of  air  taken  at  an  elevation  of  nine  miles 
ltt£  shown  no  clitlen  nce  in  composition  from  that  at  the  ground,  whereas, 
•ocording  to  our  hypothesis,  the  oxygen  ought  to  have  been  diminished 
to  17  per  cent.,  and  the  carbonic  acid  should  also  have  become  much 
less.  Til  is  can  only  be  explained  by  assuming  that  a  large  inter- 
mixture of  difilrent  layers  of  the  atrnospherc  is  still  taking  j)lace  at  this 
elevation.  This  is  conhrnied  by  a  study  of  the  motions  of  clouds  about 
ax  miles  high,  which  reveals  an  average  velocity  of  the  air  currents  of 
some  seventy  miles  an  hour  ;  such  violent  winds  must  be  the  means  of 
ceasing  the  intermingling  of  different  atmospheric  strata.  Some  clouds, 
however,  during  hot  and  thundery  weather,  have  l)oen  seen  to  reach  an 
elevation  of  seventeen  miles,  so  that  we  have  direct  proof  that  on  occaiiion 
the  lower  layers  of  atmosphere  are  carried  to  a  great  elevation.  Tlieoxist- 
«ice  of  an  atmosphere  ai  more  than  a  liundred  miles  above  the  surface  of 
the  earth  is  revealed  to  us  by  the  appearance  of  metorrs  and  fireballs,  and 
when  we  can  take  photographs  of  the  spectrum  of  sucii  apparitions  wo 
shall  learn  a  great  deal  about  tlie  composition  of  the  upper  air.  In  the 
meantime  Pickering's  solitary  spectrum  of  a  meteor  reveals  an  atmosphere 
of  hydrogen  and  helium,  and  so  far  this  is  corroborative  of  the  doctrine 
we  have  been  discus.sing.  It  has  long  been  recognised  that  the  aurora  is 
the  result  of  electric  discharges  within  the  limits  of  the  earth's  atmosphere, 
bat  it  was  difficult  to  understood  why  its  spectrum  should  be  so  entirely 
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different  from  anythiDg  which  coold  be  produced  ariificsally  bj  electrio 
diBchargee  through  rarefied  air  at  the  surface  of  the  earth.   Writing  in 
1879,  Band  Oapron,  after  collecting  all  the  recorded  obeervations,  waa 
able  to  enumerate  no  more  than  nine  auroral  rays,  of  which  but  one  ooold 
with  any  probability  be  identified  with  rays  emitted  by  atmoepherie  air 
under  an  electric  discharge.   Vogel  attributed  this  want  of  agreement 
betwem  nature  and  experiment,  in  a  vague  way,  to  difference  of  tempera- 
ture and  pressure ;  and  Zollner  thought  the  auroral  spectrum  to  be  one 
of  a  different  order,  in  the  sense  in  which  the  line  and  band  spectra  of 
nitrogen  are  said  to  be  of  different  orders.   Such  statements  were  merely 
oonliBssions  of  ignorance.   But  since  that  time  observations  of  the  spectra 
of  auroras  have  been  greatly  multiplied,  chiefly  through  the  Swedish  and 
Banish  Polar  Expeditions,  and  the  length  of  spectrum  recorded  on  the 
ultra-Tielet  side  has  been  greatly  extended  by  the  use  of  photograpliy,  so 
that^  in  a  recent  discussion  of  the  results,  M.  Henri  Stassano  is  able  to 
enumerate  upwards  of  one  hundred  auroral  rays,  of  which  the  wave-length 
is  more  or  less  approximately  known,  some  of  them  far  in  the  ultra-violet. 
Of  this  large  number  of  rays  he  is  able  to  identify,  within  the  probable 
limits  of  errors  of  observation,  about  two-thirds  as  rays,  which  Professor 
liveing  and  myself  have  observed  to  be  emitted  by  the  most  volatile 
gases  of  atmospheric  nir  unliquefiable  at  the  temperature  of  liquid 
hydrogen.    Most  of  the  remainder  he  ascribes  to  arrjon,  and  some  he 
might,  with  more  probability,  have  identified  with  krypton  oi- xenon  r.iys, 
if  he  had  been  aware  of  the  pul»lication  of  wave-lenpjths  uf  the  spectra  of 
those  gases,  and  the  idcntilication  of  one  of  the  liighest  rays  of  krypton 
v»ith  that  most  characteristic  of  auroras.    The  rosy  tint  often  seen  in 
auroras,  particularly  in  the  stn  anu  rs,  appears  to  be  due  mainly  to  neon, 
of  which  the  spectrum  is  remarkably  rich  in  red  and  orange  rays  One 
or  two  neon  rays  are  amongst  those  most  frequently  observed,  while  tlie 
red  ray  of  hydrogen  and  one  red  ray  of  krypton  have  been  noticed  only 
once.    The  predominance  of  neon  is  not  surprising,  seeing  that  from  its 
relatively  greater  proportion  in  air  and  its  low  density  it  must  t^jnd  to 
concentrate  at  higher  elevations.    So  large  a  numljer  of  probable  identifi- 
cations warrants  tlic  belief  that  we  may  yet  l)e  able  to  reproduce  in  our 
laboratories  the  auroral  spectrum  in  its  entirety.    It  is  true  that  we  have 
still  U)  account  for  the  appearance  of  some,  and  the  abs(  nee  of  other,  rays 
of  the  newly  discovered  gases,  which  in  the  way  in  which  we  stimu- 
late them  a{>pear  to  be  e«|ually    brilliant,  and  for  the  absence,  with 
»>iie  doubtful  exception,  of  all  the  rays  of  nitrogen.    If  we  cannot  give 
the  reason  of  this,  it  is  b<^cause  we  do  not  know  the  mechanism  of  lumi- 
nescence— nor  even  -whether  the  particles  which  carry  the  electricity 
are  themselves  luminous,  or  whether  they  only  produce  stresses  causing 
other  particles  which  encounter  them  to  vibratf  ;  yet  we  are  certain 
that  an  electric  discharge  in  a  highly  rarefied  mixture  of  gases  lights  one 
element  and  not  another,  in  a  way  which,  to  our  ignorance,  seems 
capricious.    The  Swedish  !North  Polar  Expedition  concluded  from  a  great 
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Bunber  of  trigonometrical*  measDremeiits  that  the  average  above  the 
ground  of  the  baie  of  the  anrora  uras  fifty  kilometres  (thirty-fonr  miles) 
St  Ospe  Thorsden,  Spitsbergen ;  at  this  height  the  pressure  of  the  nitrogen 
of  (he  atmosphere  would  be  only  about  one-tenth  of  a  millimetre,  and 
Honsan  and  Deslandres  have  found  that  in  atmospheric  air  at  pressures 
ksi  than  one  millimetre  the  rays  of  nitrogen  and  oxygen  fade  and  are 
replaced  by  those  of  argon  and  by  five  new '  I'ays  which  Stassano 
idsatifies  with  rays  of  the  more  volatile  gases  measured  by  us.  Also 
Collie  and  Ramsay's  observations  on  the  distance  to  which  electrical 
disdiaiges  of  equal  potential  traverse  difierent  gases  explosively  throw 
arndi  light  on  the  question ;  for  they  find  that,  while  for  helium  and  neon 
tlus  distance  is  from  250  to  300  mm.,  for  argon  it  is  45(  mm.,  for 
hjdrogen  it  is  39  mm.,  and  for  air  and  oxygen  still  less.  This  indicates 
that  a  good  deal  depends  on  the  very  constitution  of  the  gases  themselves, 
sod  certainly  helps  us  to  understand  why  neon  and  argon*  which  exist  in 
the  atmosphere  in  larger  proportions  than  helium,  krypton,  or  xenon, 
ihoold  make  their  appearance  in  the  spectrum  of  auroras  almost  to  the 
sxdusion  of  nitrogen  and  oxygen.  How  much  depends  not  only  on  the 
coutitution  and  it  may  be  temperature  of  the  gases,  but  also  on  the 
duuracter  of  the  electric  discharge,  is  evident  from  the  difference  between 
the  spectra  at  the  cathode  and  anode  in  different  gases,  notably  in 
nitrogen  and  argon,  and  not  less  remarkably  in  the  more  volatile 
compounds  of  the  atmosphere.  Paulsen  thinks  the  auroral  spectrum 
irboOy  due  to  cathodic  rays.  Without  stopping  to  discuss  that  question, 
it  is  certain  that  changes  in  the  character  of  the  electric  discharge 
produce  definite  changes  in  the  spectra  excited  by  them.  It  has  long 
been  known  that  in  many  spectra  the  rays  which  are  inconspicuous 
with  an  unoondensed  electric  discharge  become  very  pronounced  when  a 
Leyden  jar  is  in  the  circuit.  This  used  to  be  ascribed  to  a  higher 
temperature  in  this  condensed  spark,  though  measurements  of  that 
teoiperature  have  not  borne  out  the  explanation.  Schuster  and  Hem- 
alech  have  shown  that  these  changes  of  spectra  are  in  part  due  to  the 
csdllatory  character  of  the  condenser  discharge  which  may  be  enhanced 
hy  self-induction,  and  the  corresponding  change  of  spectrum  thereby 
msde  more  pronounced.  lightning  we  should  expect  to  resemble 
condensed  discharge  much  more  than  aurora,  but  this  is  not  borne  out  by 
the  spectrum.  Pickering's  recent  analysis  of  the  spectrum  of  ;i  flash 
obtained  by  photography  shows,  out  of  nineteen  lines  nieasurod  by  him, 
only  two  which  can  be  assigned  with  probability  to  nitrogen  and  (ixyjien, 
while  three  hydrogen  rays  most  likely  due  to  water  are  very  conspic  uous, 
and  eleven  may  be  reasonably  ascribed  to  argon,  krypton,  and  xpnon,  one 
to  more  volatile  gas  of  the  neon  class,  and  the  bri<,'htest  ray  of  all  is  but  a 
very  little  less  rcfrani:il)le  than  the  characteristic  auroral  ray,  and  coinridea 
vith  a  strong  ray  of  calcium,  but  also  li<'s  between,  and  clost^  to,  an  argon 
and  a  neon  rav,  neither  of  them  wcik  i  ays.  There  mav  l)e  some  <loubt  about 
the  identiiication  of  the  spectral  rays  of  auroras  because  of  the  wide  limits 
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of  the  probable  erron  iii  measuring  wave-lengths  so  faint  as  most  of  tben 
arOi  bat  there  Is  no  sneh  donbt  about  the  wave-loDgthsof  the  rays  in  solar 
protuberances  measnred  by  Beslandres  and  Kale.  Stassano  found  that 
these  rays,  forty-fonr  in  number,  lying  between  the  Frannhofer  line  F 
and  3148  in  the  oltra^Tiolet  agree  very  closely  with  rays  which  Professor 
Idveing  and  myself  measured  in  the  spectra  of  the  most  volatOe  atmo- 
spheric gases.  It  will  be  remembered  tiiat  one  of  the  earliest  suggestioiie 
as  to  the  nature  of  solar  prominences  was  that  they  were  solar  aororaa. 
This  supposition  helped  to  explain  the  marvellons  rapidity  of  their 
changes,  and  the  apparent  suspension  of  brilliant  self-luminous  donds  at 
enormous  heights  above  the  sun's  surface.  Now  the  identification  of  the 
rays  of  their  spectra  with  those  of  the  most  volatile  gases,  which  also 
furnish  many  of  the  auroral  rays,  certainly  supports  that  suggestion.  A 
stronger  support,  however,  seems  to  be  given  to  it  by  the  results  obtained 
at  the  total  eclipse  of  May  1 901 ,  by  the  American  expedition  to  Sumatfft. 
In  the  '  Astrophysical  Journal '  for  June  last  is  a  list  of  339  lines  in  the 
spectrum  of  the  corona  photographed  by  Humphreys,  during  totaUtgr* 
with  a  very  large  concave  grating.  Of  these  no  fewer  than  209  do  not 
diffnr  from  lines  we  have  measured  in  the  most  volatile  gas^  of  the 
atmosphere,  or  in  krypton  or  xenon,  by  more  than  one  unit  of  wave- 
length on  Armstrong's  scale,  a  quantity  within  the  limit  of  probable 
error.  Of  the  remainder,  a  good  many  agree  to  a  like  degree  with  argon 
lines,  a  very  few  with  oxygon  lines,  and  still  fewer  with  nitrogen  lines  ; 
the  characteristic  greeu  auroral  ray,  which  is  n»)t  in  the  range  of 
Humphreys'  photographs,  also  agrees  within  a  small  fraction  of  a  unit  of 
wave-length  with  one  of  the  rays  emitted  by  the  most  volatile  atmospheric 
gas.  Taking  into  account  the  Fraunhofer  lines  //,  A'  and  6',  usually 
ascribed  to  calcium,  there  remain  only  fifty-five  lines  of  the  339  un- 
accounted for  to  the  degree  of  probability  indicated.  Of  these  consider- 
ably more  than  half  are  very  weak  lines  which  have  not  depicted 
themselves  on  more  than  one  of  the  six  films  exposed,  and  extend  but  a 
very  short  distance  into  the  sun's  atmosphere.  There  are,  however,  seven 
which  are  stronger  lines,  and  reach  to  a  considerable  height  above  the 
sun's  rim,  and  all  have  depicted  themselves  on  at  least  four  of  the  six 
films.  If  there  be  no  considerable  eiTor  in  the  wave  lengths  assigned  (and 
such  is  not  likely  to  b«'  tiie  case),  tliese  lines  may  perhaps  be  due  to  some 
volatile  element  which  may  yet  be  discovered  in  our  atmosphere.  How- 
ever that  may  be,  the  very  great  numl^er  of  close  coincidences  between 
the  auroral  rays  and  those  which  are  emitted  under  electric  excitement 
by  gases  of  our  atmosphere  almost  corkstrains  us  to  believe,  what  is  indeed 
most  probable  on  Other  grounds,  that  the  sun's  coronal  atmosphere  is 
composed  of  the  same  substances  as  the  earth's,  and  that  it  is  rendered 
luminous  in  the  same  way — namely,  by  electric  discbarges.  This  conclusion 
has  plainly  an  important  bearing  on  the  explanation  which  should  be 
given  of  the  outburst  of  new  stars  and  of  the  extraordinary  and  rapid 
changes  in  their  spectra.   Moreover,  leaving  on  one  side  the  question 
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whether  gacfs  ever  become  luminous  by  the  dircc't  action  of  heat,  apart 
frnm  such  transfer  s  of  enersiv  Jis  occur  in  chemical  ch:iTi£je  and  electric 
dislurhance.  it  deniands  a  revision  of  the  Iheuries  which  attribute  mart' 
permanent  differences  l>etween  the  spectra  of  different  stars  in  dilTereuccs 
of  temperature,  and  a  fuller  consideration  of  the  question  whether  they 
<^uot  with  better  reason  be  explained  by  differences  in  the  electric 
conditions  which  prevail  in  tlic  stellar  atmosphere. 

If  wo  turn  to  the  question  wIiaL  is  the  cause  of  the  electric  dischnrL^es 
which  are  gnierally  believetl  to  occasion  auroras,  but  <»f  whicli  little  more 
Itts  hitherto  been  known  than  that  they  are  connected  with  sun-spots  and 
solar  eruptions,  recent  studies  of  electric  discharges  in  high  vacua,  with 
which  the  names  of  Crookes,  Rontgen,  Lenartl,  and  J.  J.  Tiiomson  will 
always  be  associated,  have  opened  the  way  for  Arrhcnius  to  suggest 
a  definite  and  rational  answer.  He  points  out  that  the  frequent  dis- 
turbances which  we  know^  to  occur  in  the  sun  must  cause  electric  dis 
chari^es  in  the  sun's  atmosphere  far  exceeding  any  that  occur  in  that  of 
the  earth.  These  will  be  attended  with  an  ionisation  of  the  gases,  and 
the  nesfative  ions  will  stream  away  through  the  outer  atmosphere  of  the 
sun  into  the  interplanetary  space,  becoming,  as  Wilson  has  shown,  nuclei 
of  aji^ogation  of  condensable  vapours  and  ctxsmic  dust.  The  liquid  and 
solid  particles  thus  formed  will  be  of  various  sizes  ;  the  larger  will 
gravitiite  back  to  the  sun,  while  those  with  diameters  less  than  one  and  a 
half  thousandths  of  a  millimetre,  but  nevertheless  greater  than  a  wave- 
length of  light,  will,  in  accordance  with  Clerk-Maxwell's  electromagnetic 
th»ory,  be  driven  away  from  the  sun  by  the  incidence  of  the  solar  rays 
upon  them,  with  velocities  which  may  become  enormous,  until  they  meet 
other  celestial  bodies,  or  increase  their  dimensions  by  picking  up  more 
cosmic  dust  or  diminish  them  by  evaporation.  The  earth  will  catch  its 
share  of  such  particles  on  the  side  which  is  turned  towards  the  sun,  and 
its  nppf  r  atmosphere  will  thereby  become  negatively  electrified  until  the 
potential  of  the  charge  reaches  such  a  point  that  a  discharge  occurs,  which 
vill  be  rqieated  as  more  chai|{ed  particles  reach  the  earth.  This  theory 
not  only  accounts  for  the  auroral  discharges,  and  the  coincidence  of  their 
times  of  greatest  ireqneiifiy  with  those  of  the  maxima  of  sunspots,  but  also 
for  the  minor  maxima  and  minima.  The  vernal  and  autumnal  maxima 
occur  when  the  line  through  the  earth  and  sun  has  its  greatest  inclination 
to  the  sohct  equator,  so  that  the  earth  is  more  directly  exposed  to  the 
region  of  maximum  of  sunspots,  while  the  twenty-six  days  period  corre- 
^oods  closely  with  the  period  of  rotation  of  that  part  of  the  solar 
to&oe  where  faculse  are  most  abundant.  J.  J.  Thomson  has  pointed  out, 
u  a  consequence  of  the  Richardson  observaUons,  that  negative  ions  will 
be  constantly  streaming  from  the  sun  merely  regarded  as  a  hot  body,  but 
this  is  not  inconsistent  with  the  supposition  that  there  will  be  an  excess 
of  this  emission  in  eruptions^  and  from  the  regions  of  facula^.  Arrhenius^ 
thsMj  accounts  also,  in  a  way  which  seems  the  most  satisfactory  hitherto 
euuaeisted,  for  the  appeanuioes  presented  by  comets.  The  solid  parts 
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of  these  objects  absorb  the  sun's  rays,  and  as  they  approach  the  sun  ' 
become  heated  on  the  side  tnraed  towards  him  nnUl  the  volatile  snbstances 
froien  in  or  upon  them  are  eyaporated  and  diffiised  in  the  gaseous  state  in 
surrounding  space,  where  they  get  cooled  to  the  temperature  of  liqne-  . 
faction  and  aggregated  in  drops  about  the  negative  ions.   The  larger  of  ' 
these  drops  gravitate  towards  the  sun  and  form  clouds  of  the  coma  about  | 
the  head,  while  the  smaller  are  driven  by  the  incidence  of  the  sun's  light 
upon  them  away  from  the  sun  and  form  the  tail.    The  curvature  of  the 
tail  depends,  as  Bredichin  has  shown,  on  the  rate  at  which  the  particles 
are  driven,  which  in  turn  depends  on  the  size  and  specific  gravity  of  the 
particles,  and  these  will  vary  with  the  density  of  the  vapour  from  which 
they  are  formed  and  the  frequency  of  the  ne^jative  ions  which  collect 
them.    In  ;iny  case  Arrhenius"  theory  is  a  most  suggestive  one,  not  onlv 
with  reference  to  auroras  and  comets,  and  the  solar  corona  and  chromo- 
sphere, but  also  «'is  to  the  constitution  of  the  pliotosphere  itself. 

Various  Law-TempmUure  ReseareKes. 

We  may  now  summarise  some  of  the  results  which  have  already  been  | 
attained  by  low- temperature  studies.  Tn  the  first  place,  the  great  niajoritT 
of  chemical  interactions  are  entirely  suspended,  but  an  element  of  such 
exceptional  powers  of  combination  as  fluorine  i>  still  active  at  the  temy)e- 
rature  of  liquid  air.  Whether  solid  lluorine  and  liquid  hydrogen  would 
interact  no  one  can  at  present  say,  iJtxlies  naturally  become  denser,  but 
even  a  highly  expansive  substance  like  ice  does  not  appear  to  reach  the 
flensity  of  water  at  the  lowest  temperature.  This  is  confirmatory  of  the 
view  that  the  particles  of  matter  under  such  conditions  are  not  packed  in 
the  closest  possible  way.  The  force  of  cnhesiou  is  greatly  increased  at 
low  temperatures,  as  is  shown  by  the  additional  stress  required  to  rupture 
metallic  wires.  This  fact  is  of  interest  in  connection  with  two  cnnflictinji 
theories  of  matter.  Lord  Kelvin's  view  is  that  the  forces  that  hold 
together  the  particles  of  bodies  may  be  accounted  for  without  assuming 
any  other  agency  than  gravitation  or  nny  other  law  than  the  Newtonian. 
An  opposite  \  iew  is  that  the  phenomena  of  the  aggregation  of  molecules 
depend  upon  the  molecular  vibration  as  a  physical  cause.  Hence,  at  the 
zero  of  absolute  temperature,  this  vibrating  energy  being  in  complete 
abeyance,  the  phenomena  of  eolu'sion  should  cease  to  exist,  and  matter 
generally  be  reduced  to  an  incoherent  heap  of  cosmic  dust,  f  his  second 
view  receives  no  support  from  experiment. 

The  photographic  action  of  light  is  diminished  at  the  temperature  of  ' 
liquid  air  to  about  20  per  cent,  of  its  ordinary-  efficiency,  and  at  the  still  | 
lower  temperature  of  liquid  hydrogen  only  about  10  per  cent,  of  the 
original  sensitivity  remains.  At  the  temperature  of  liquid  air  or  liquid 
hydrogen  a  laige  range  of  organic  bodies  and  many  inorganic  ones  acquire 
under  exposure  to  violet  light  the  property  of  phosphorescence.  Snch 
bodies  glow  faintly  so  long  as  they  are  kept  cold,  but  become  exceedingly 
brilliant  during  the  period  when  the  temperature  is  rising.   Even  sdid 


Digitized  by  Google 


ADDRESS, 


47 


Air  is  a  phosphorescent  body.  All  the  alkaline  er»rth  sulphides  which 
phosphoresce  brilliantly  at  the  ordinary  temperature  lose  this  property 
when  cooled,  to  be  revived  on  heating  ;  but  such  bodies  in  the  first 
instance  may  be  stimulated  through  the  absorption  of  liujht  at  the  lowest 
temperatures.  Radio-active  bodies,  on  the  other  hand,  like  radium,  which 
are  naturally  self-luminous,  maintain  this  luminosity  unimpaired  at  the 
very  lowest  temperatures,  and  are  still  capabh^  of  inducing  phospho- 
rescence in  bodies  like  the  platino-cyanides.  Some  crystals  become  for  a 
tinif^  splf-luminous  when  cooled  in  liquid  air  or  hydrogen,  owinr;  to  the 
induced  plectric  stimulation  causing  discharges  betwrcn  tlie  crystal  mole- 
cules. This  phenomenon  is  very  pronounced  with  nitrate  of  uranium  and 
some  plat  inn  cyanides. 

In  conjunction  with  Professor  Fleming  a  long  series  of  experiments 
was  made  on  the  electric  and  magnetic  properties  of  V>odiesat  low  tempera- 
tures. The  subjects  that  have  been  under  investigati(ni  may  be  classi- 
fied as  follows  :  The  Thermo -Electric  Powers  of  Pure  Metals  ;  The 
Magnetic  Properties  of  Iron  and  Steel  ;  Dielectric  Constants  ;  The 
Magnetic  and  £lectric  Constants  of  Liquid  Oxygen  ;  Magnetic  Sqb- 
ceptibility. 

The  investigations  have  shown  that  electric  conductivity  in  pore 
toetals  varies  almost  inversely  as  the  absolute  temperature  down  to  mtnu$ 
200  degrees,  but  that  this  law  is  greatly  affected  by  the  presence  of  the 
most  minute  amoont  of  impurity.    Hence  the  results  amount  to  a  proof 
that  electric  resistuioe  in  puro  metals  is  closely  dependent  upon  the  mole- 
edar  or  atomic  motion  which  gives  rise  to  temperature,  and  that  the 
process  by  which  the  energy  constituting  what  is  called  an  electric  current 
bdinipatecl  essentially  depends  upon  non -homogeneity  of  structure  and 
vpon  the  absolute  temperature  of  the  materiaL  It  might  be  inferred  that 
«t  the  sero  of  absolute  temperature  resistance  would  vanish  altogether, 
and  all  pure  metals  become  perfect  conductors  of  electricity.   This  oon- 
cbnon,  however,  has  been  rendered  very  doubtful  by  subsequent  obser- 
Titions  made  at  still  lower  temperatures,  which  appear  to  point  to  an 
ultimate  finite  renstaace.   Thus  the  temperature  at  which  copper  was 
as?mmed  to  have  no  resistance  was  minus  223  degrees,  but  that  metal  has 
been  cooled  to  minus  253  degrees  without  getting  rid  of  all  resistance. 
The  reduction  in  resistance  of  some  of  the  metals  at  the  boiling-point  of 
bydrogen  is  very  remarkable.    Thus  copper  has  only  I  per  cent., gold' and 
plstinnm  3  per  cent.,  and  silver  4  per  cent,  of  the  resistance  they  possessed 
St  zero  C,  but  inm  still  retains  12  per  cent,  of  its  initial  resistance, 
la  the  case  of  alloys  and  impure  metals,  cold  brings  about  a  much  smaller 
decrease  in  resistivity,  and  in  the  case  of  carbon  and  insulators  like  gutta- 
percha, glass,  ebonite^  Ac,  tlieir  resistivity  steadily  increases.   The  enor- 
mous inoresse  in  resistance  of  bismuth  when  transversely  magnetised  and 
pooled  was  also  dtsoovered  in  the  oomrse  of  these  experiments.   The  study 
•cf  dieleetrio  constants  at  low  temperatures  has  resulted  in  the  discoveiy 
sf  some  interesting  facts.   A  fundamental  deduction  from  Maxwell's 
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theory  is  tliat  the  square,  of  tho  refractive  index  of  a  bady  should  be  the 
saine  nuiuber  as  its  dielectric  cotist  int.    So  far,  however,  from  this  being 
the  case  fjenerally,  the  exceptions  are  far  more  numerous  than  the  coinci- 
dences.   It  has  been  sliown  in  the  case  of  many  substances,  such  as  ice 
and  glass,  that  an  increase  in  the  frequency  of  the  alternating  electro- 
motive force  results  in  a  reduction  of  the  dielectric  constant  to  a  value 
more  consistent  with  Maxwell's   law.     By  experiments  upon  many 
substances  it  is  shown  that  even  a  moderate  increase  of  frequency  brings 
the  large  dielectric  constant  to  values  quite  near  to  that  required  by 
Maxwell's  law.    It  was  thus  shown  that  low  temperature  has  the  same 
etiect  as  high  frequency  in  annulling  the  abnormal  dielectric  values. 
The  exact  measurement  of  the  dielectric  constant  of  liquid  oxygen  as 
well  as  its  magnetic  permeability,  combined  with  the  optical  determina- 
tion of  the  refractive  index,  showed  that  li(juid  oxygen  strictly  obeys 
Ma.vwell's  electro-optic  law  even  at  very  low  electric  frequencies,  lu 
magnetic  work  the  result  of  greatest  value  is  the  proof  that  magnetic 
susceptibility  vaiies  inversely  as  the  absolute  temperature.    This  shows 
that  the  magnetisation  of  paramagnetic  bodies  is  an  affair  of  orientation 
of  molecules,  and  it  su^^t'sts  that  at  the  al)Solute  zero  all  the  feebly  para^ 
magnetic  bodies  will  bo  stioncjly  mai,'nctic.    The  diamagnetism  of  bismuth 
was  found  t<»  1k'  increased  at  low  tctnperatures.    The  magnetic  moment 
of  a  steel  magnet  is  tem{)oranly  in<  reused  by  cooling  in  liquid  air,  but  the 
increase  seems  to  have  reached  a  limit,  because  on  further  cooling  to  the 
temperature  of  liquid  hydrogen  hardly  any  further  change  was  observed. 
Tlie  studv  of  the  thenno  electric  relations  of  the  metals  at  low  tenipora- 
tures  resulted  in  a  great  extension  of  the  well  known  Tait  Thermo- Electric 
T)ia;^ram.    Tait  found  that  the  thermo-electric  power  of  the  metals  could 
he  expressed  by  a  linear  function  of  the  absolute  temperature,  but  at  the 
extreme  range  of  temjicratur*'  now  under  con.side ration  this  law  was 
found  not  to  hold  generally  ;  and  further,  it  appeared  that  many  abrupt 
electric  changes  take  place,  wliich  originate  })roV)ably  from  specitic  mole- 
cular changes  occurring  in  the  metal.    The  thermo  electric  neuti-al  jvoiuts 
of  certain  metals,  such  as  lead  and  gold,  which  are  located  at  or  belnw 
the  boiling-point  of  hydrogen,  have  been  found  to  be  a  convenient  means 
of  defining  specific  temperatures  in  this  exceptional  part  of  the  thermo* 
metric  scale. 

The  effect  of  cold  upon  the  life  of  living  ori^anisms  is  a  matter  of  great 
intrinsic  interest,  as  well  as  of  wide  theoretical  importance.  Experiment 
indicates  that  moderately  high  temperatures  are  much  more  fatal,  at  least 
to  the  lower  forms  of  life,  than  are  exceedingly  low  ones.  Professor 
McKendrick  froze  for  an  hour  at  a  temperature  of  minus  182°  C.  samples 
ol  meat,  milk,  &c.j  in  sealed  tubes  ;  when  these  were  opened  after 
being  kept  at  blood  he&t  for  a  few  days,  their  contents  were  f ound^  to  be 
quite  putrid.  More  recently  some  more  elaborate  tests  were  carried  out 
at  the  Jcnner  Institute  of  Preventive  Medicine  on  a  series  of  typical 
bacteria.  Theee  were  expoied  to  tlie  temperature  of  liquid  air  for  twenty 
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bours,  but  their  vitality  was  not  affected,  their  functional  activities  re- 

:.iAiut'i  unimpaired,  and  the  cultures  whi^'h  they  yielded  were  normal  in 
*»verv  respect.    The  same  result  was  obtained  when  liquid  hydrogen  was 
aiil  stituted  for  air.  A  similar  persistence  of  life  in  seeds  has  been  demon- 
strued  even  at  the  lowest  temperatures  ;  they  were  frozen  for  over  a 
hundred  hours  in  liquid  air,  at  the  instance  of  Messrs.  Brown  and  Escombe, 
with  no  other  result  than  to  atlcct  their  proto])la8m  with  a  certain  inert- 
neas,  from  which  it  i-ecovered  with  warmth.    Subsequently  commercial 
samples  of  barley,  pea,  vegetable- marrow,  and  must^ird  seeds  were  litrrully 
st€^p&d  for  six  hours  in  liquid  hydrogen  at  the  Royal  Institution,  yet 
when  they  were  sown  by  Sir  W.  T.  Thiselton  Dyer  at  Kew  in  the  ordinary 
way,  the  proportion  in  which  iiermination  occiirretl  was  no  less  than  in 
the  other  batches  of  the  same  seeds  which  liad  sutFered  no  abnormal  treat- 
meat.    Bacteria  are  minute  vegetable  cells,  the  standard  of  measurement 
for  which  is  the  'mikron.'    Yet  it  has  been  found  possible  to  completely 
tritarate  these  microscopic  cells,  when  the  operation  is  carried  out  at  the 
temperature  of  liquid  air,  the  cells  then  being  frozen  into  hard  break- 
able masses.    The  typhoid  organism  has  been  treated  in  tliis  way,  and 
the  cell  plasma  obtained  for  the  purpose  of  studying  its  toxic  and  immu- 
nising properties.    It  would  hardly  have  been  anticipated  that  liquid  air 
should  tind  such  immediate  application  in  biological  research.    A  research 
hy  Profes^sor  Macfaclyen,  just  concluded,  has  shown  that  many  varieties  of 
tiiicro-organisms  can  be  e.\ posed  to  the  temperature  of  liquid  air  for  a 
period  of  six  months  without  any  appreciable  loss  of  vitality,  although  at 
sach  a  temperature  the  ordinary  chemical  processes  of  the  cell  must  cease. 
At  such  a  temperature  the  cells  cannot  be  said  to  be  either  alive  or  dead, 
in  the  ordinary  acceptation  of  tlu  se  words.    It  is  a  new  and  hitherto  un- 
obtained  condition  of  living  matter — a  third  state.    A  final  instance  of 
theapplicaticn  of  the  above  methods  may  be  given.    Certain  species  of 
J-acteria  durini^  the  course  of  their  vital  processes  are  capable  of  emitting 
light.    If,  however,  the  cells  be  broken  up  at  the  temperature  of  liquid- 
air,  and  the  crushed  contents  brought  to  the  ordinary  temperature,  the 
luminosity  function  is  found  to  have  disappeared.    This  points  to  the 
luminosity  not  being  due  to  the  action  of  a  ferment — a  '  Luciferase  '  but 
«  being  essentially  bound  up  with  the  vital  processes  of  the  cells,  and 
dependent  for  its  production  on  the  intact  organisation  of  the  cell.  These 
attempts  to  study  by  frig()rific  methods  the  physiology  of  the  cell  have 
^ireatly  yielded  valuable  and  encouraging  results,  and  it  is  to  be  hoped 
tlut  this  line  of  investigation  will  continue  to  be  vigorously  prosecuted  at 
the  Jenner  Institute. 

And  now,  to  conclude  an  address  which  must  have  sorely  taxed  your 
patience,  I  may  remind  you  that  T  commenced  by  referring  to  the  plaint 
of  Elizabethan  ccience,  that  cold  was  not  a  natural  available  product.  In 
the  course  of  a  long  stru;:::^lo  with  nature,  man,  by  the  applicatioQ  o£ 
intelligent  and  steady  industry,  has  acquired  a  control  over  thlB  Ogencj 

which  enables  him  to  produce  it  at  will,  and  with  almost  any  degree  of 
1902.  K 
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intensity,  short  of  a  limit  defined  by  the  very  nature  of  things.  But  the 
success  in  working  what  appears,  at  first  sight,  to  be  a  quarry  uf  rtst  arch 
that  would  soon  suffer  exhaustion,  has  only  brought  liini  to  the  tlire^hold 
of  new  labyrinths,  the  entanglements  of  which  frustrate,  with  a  seemingly 
invuliir'rriblc  complexity,  the  hopes  of  further  progress.  In  a  legitimate 
sonse  all  ^ermine  scientific  workers  feel  that  they  are  '  the  inheritors  of 
imfuitilled  renown.'  The  battlefields  of  science  are  the  centres  of  a  per- 
petual warfare,  in  which  there  is  no  hope  of  find  victory,  although 
partial  conquest  is  ever  triumphantly  encouraging  tlie  continuance  of  the 
discipline<I  and  strenuous  attack  on  the  seemingly  impregnable  fortress  of 
Nature,  To  serve  in  the  scientitio  army,  to  have  shown  some  initiative, 
and  to  be  rewarded  by  the  consciousness  that  in  the  eyes  of  his  comrades 
he  bears  the  accredited  accolade  of  successful  endeavour,  is  enougli  to 
satisfy  the  legitimate  ambition  of  every  earnest  student  of  Nature.  The 
real  warranty  that  the  march  of  progress  in  the  future  will  be  as  glorious 
as  in  the  past  lies  in  the  perpetual  reinforcement  of  the  scientific  ranks  by 
recruits  animated  bj  such  a  spirit^  and  proud  to  obtain  such  a  reward. 
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Ex^rimenU  for  imp'oviiuj  Uis  Condrudion  of  IVactical  Standardit  for 
EUdrieal  MeofuremmU, — Report  of  the  Commiileey  cansistintf 
of  Lord  Rayleigh  (Chuirman),  Dr.  U.  T.  Glazebrook  (Secreiartfjy 
Lord  Kelvin,  Professors  W.  E.  Ayrton,  J.  Perry,  W.  G. 
Adams,  and  G.  Carky  Foster,  Sir  Oliver  J.  TiOOOB,  Dr.  A. 
MuiRHEAD,  Sir  W.  H.  Pbeeck,  Professors  J.  D.  riVERETT,  A. 
J:?CHi:srKK  .T.  A.  JTleming,  and  .I.J.  THOMSON,  Dr.  \\  .  N,  Shaw, 
Dr.  J.  T.  BoTTOMLEY,  Rev.  T.  C.  FlTZPATrtirK,  Dr.  G.  Johnstone 
Sidney,  Professor  8.  J*.  Thompson,  Mr.  J.  Kenme,  Mr.  E.  H. 
Gki KEITHS,  Sir  A.  W.  Ruckeh,  Professor  H.  L.  Callendab, 
bir  W.  C.  liOBERTS-AusTEN,  <md  Mr,  Geurue  Mattuey. 

ArpBlDtx.— On  the  DefiitUimi  of  the  Vnit  tf  Heat  65 

Ddbwc  the  past  yoartlie  apparatus  Ixilonging  to  the  Association  has  been 
removed  to  and  set  up  at  tlie  NatioDal  Physical  Laboratory  at  i>ushy 
Home.  A  KMm  in  the  basement  has  been  fitted  for  aicciirate  resistuioe 
voilr.  By  means  of  a  thermostat  the  temperature  can  be  kept  under  veiy 

complete  control,  and  the  room  has  proved  most  suitable  for  its  purpose. 
In  it  the  resistance  standards  ol  Association  liave  been  set  up,  and  a 
numlM  T  f)f  f-omparisons  have  })een  made  l)y  Mr.  F.  E  Smith.  Particulars 
as  to  the  results  of  these  comparisons  can  best  be  j^iven  at  a  later  date, 
vbtn  the  mercury  standards  now  iu  course  of  construction  have  been 
setap. 

Ae  work  of  setting  up  the  mercury  standards  of  resistance  has  been 
Mier  advanced.  A  number  of  tubes,  both  of  verre  dur  and  of  Jena 
|hi8,  IG'^',  have  been  calibrated  by  Mr.  SmiUi.  When  the  final  corrections 
to  the  weights  used  have  been  obtained  from  the  Bureau  International  it 
l>e  possible  to  complete  these  and  to  determine  the  values  of  the 
piatinum-silver  and  manganin  standards  in  terms  of  tlie  mercury  unit. 

From  the  resistance- room  a  cellar  -formerly  the  wine- eel hir  of  Bushy 
HoQse — opens,  and  in  it  work  requiring  an  extreme  constancy  of  tem- 
pttitare  can  be  carried  on. 

In  this  room  Mr.  Smith  has  set  up  a  number  both  of  Clark  and  also 
^  Weston  cells,  and  comparisons  between  these  have  been  carried  on 
9»tematicaUy. 

Discrepancies  of  a  considerable  amount  have  been  found  between  cells 
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aet  up  ia  the  same  manner,  but  from  materials  Bupplieil  by  various  makersy 
and  these  have  been  traced  to  the  mercurous  sulphate.  The  observers  at 
the  Reichsanstalt  have  come  to  a  simikir  conclusion.'  Dr.  Car[>enter  and 
Mr.  Smith  are  now  cn^jfii^cd  in  experiments  at  the  National  Physical 
Laboratory,  the  results  of  which,  it  is  hoped,  will  enable  them  to  spwify 
a  method  of  preparing  mercurous  sulphate  which  will  lead  to  consistent 
results  for  the  E.M.F.  of  the  cells. 

The  aur  oood^isen  belonging  to  the  Committee  have  been  set  up^  and 
a  number  of  determinations  of  their  capacity  have  been  made  hy  Mr. 
Campbell.  The  results  of  these,  though  at  present  they  are  only  to  be 
treated  as  provisional,  show  that  the  condensers  are  in  good  order,  and 
have  suffered  no  damage  by  their  journeys  tirst  to  Liverpool  and  then  to 
Richmond.  The  capacity  of  one  is  nearly  the  same  as  whe/i  at  Cam- 
bridge ;  tliat  of  the  other  has  altered  very  sliglitly.  With  a  view  of 
establishing  a  standard  of  capacity  a  nuiuber  of  other  comparisons  between, 
the  standiurds  of  the  Association  and  those  of  I)r.  Muiriiead  are  in 
progress. 

1  p.  this  comparison  work  some  difficulty  has  arisen  from  the  fact  that 
all  the  resistance-boxes  belonging  to  the  Association  are  of  platinum- 
silver.  The  small  temperature  coefficient  of  manganin  gives  that  material 
a  very  distim  t  iul vantage,  and  tht-  Secretary  has  been  endeavouring  to 
use  it  whenever  possible.  It  would  be  of  great  service  fortius  part  of  the 
work  to  have  a  subdivided  megohm -box  in  manganin,  and  the  Committee 
trust  that  funds  for  thht  may  be  forthcoming.  They  hope  in  their  next 
report  to  give  a  detailed  account  of  the  condenser  experiments. 

The  coDStmetion  of  platinum  thermometers  as  standards  for  high 
temperature  thermometry  has  made  some  progress.  The  National  Phy- 
sical Laboratory  was  not  opened  until  March,  and  the  work  of  setting  up 
the  apparatus,  eiirryinLj  out  the  necessary  c  ilibratious,  <S:c.,  has  occupied 
most  of  the  time  of  the  assistants  since  then. 

After  some  further  experiments  however,  to  test  the  purity  of  the  wire 
it  was  proposed  to  use  had  been  carried  out^  a  stock  of  eight  ounces  of  wire 
of  the  huihest  purity  and  of  a  thickness  varying  from  six  to  eight 
mils  has  been  bought  from  Messrs.  Johnson  &  Matthey,  while  four 
ounces  of  the  same  wire,  but  of  twenty-two  mils  in  tliickncss,  suitable 
for  leads  or  for  drawing  down  to  special  sizes,  have  also  been  secured  ;  and 
six  thermometers  are  in  course  of  con.struction  in  the  workshops  of  the 
Laboratory  under  Dr.  Marker's  supervision. 

,  Of  these  six  thermometers  two  of  five  ohms  fundamental  interval  will 
be  hermetically  sealed  in  glass  tttbes>  and  will  serve  as  standards  for  low- 
temperature  work  ;  a  second  pair,  having  an  interval  of  one  ohm,  in  tubes 
of  hard  glass— probably  Jena — 59"' — will  serve  for  temperatures  up  to 
550°  C,  while  the  third  pair,  also  of  one  ohm  interval,  in  porcelain 
tubes,  will  be  employed  up  to  1100"  or  ll'DC^  C.  It  is  hoped  by  the  use 
of  quartz  to  extend  the  ran^^e  of  temperature  considerably,  and  some  ex- 
periments are  in  progress  with  tiiis  object. 

Two  electrical  resistance  ovens  have  been  built  by  Dr.  Harker  for 
high-temperature  work,  and  these  servo  their  purpose  admirably. 

The  grants  voted  during  the  past  two  years  have  been  expended  on 
the  purchase  of  the  materials  for  the  platinum  thermometers,  and  addi- 
tional  sums  are  necessary  to  complete  their  manu&bcture. 

'  ThiitigkcU  dcr  i'hys.-  Jcch.-Iictcluaiutalt,  llK)l-ia02. 
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With  regard  to  the  construction  of  the  ampere  balance  the  Committee 
are  sorry  that  they  cannot  report  progress  ;  they  have  learnt  with  cxtn  im! 
negret  of  Profe,ssor  Ayrton's  ill-health  during  part  of  the  year,  but  are  glad 
to  know  that  he  believes  he  will  be  able  to  continue  his  investigationa 
into  this  importaiit  question,  and  they  hare  therefore  reason  to  hope 
the  natter  will  be  advanced. 

In  this  work  the  late  Principal  Viriamu  Jones  was  closely  a^^i^ociated 
with  Professor  Ayrton,  and  it  is  a  source  of  great  pleasure  to  the  Com- 
rait-tee  to  know  that,  through  the  generosity  of  the  Drapers'  rompany, 
his  name  and  connection  with  Electrical  Me.u^uroments  will  bo  perj  <  tuated 
at  the  National  Physical  Laboratory.  Tiie  Company  had  promised  to 
Principal  Jones  the  funds  for  the  construction  of  an  improved  Lorenz 
Apparatus  for  the  determination  of  the  ohm,  and  they  have  intimated  to 
tbe  Committee  of  the  Laboratory  their  intention  to  place  700/.  at  the 
l^ecative  Committee's  disposal  for  the  construction  of  such  an  apparatus 
in  his  memory  under  the  superintendence  of  Professor  Ayrton  and  tlio 
Director  of  tli»'  National  Physical  Laboratory.  The  Secretary  stiites  that 
iteps  have  already  been  taken  to  obtain  designs  for  the  instrument. 

At  the  Meeting  in  Belfast  Sir  William  Preece  drew  the  attention  of 
tks  Gommitee  to  the  work  of  the  Standardisation  Committee  of  the 
Eegineering  Soeietie%  and  expressed  the  hope  that  in  his  capacity  as  chair< 
oaa  of  the  electrical  branch  of  that  committee  he  might  have  the  assist- 
ance of  t  he  Electrical  Standards  Committee.  The  Secretary  was  instmoted 
to  afford  all  the  assistance  in  his  power. 

Reference  was  also  made  to  the  definition  of  the  unit  of  heat,  and  the 
Secretary  was  requested,  with  the  assistance  of  Mr.  GritHths,  to  draw  up 
•li  Appendi.x  to  the  Report  dealing  with  this.  The  Committee  expressed 
tlis  strong  hope  that  any  unit  of  heat  formally  accepted  by  engineers 
AuHd  be  based  on  the  C.O.S.  system  of  units. 

^  In  conclusion  the  Committee  recommend  that  they  be  reappointed, 
*ith  a  grant  of  7'/.,  to  be  used  for  the  estalilishmcnt  of  a  standard 
of  capacity  and  for  thf*  construction  of  standard  platinum  thermometers; 

Lord  liayleigh  be  Chairman  and  Mr.  £.  T.  Giazebrook  Secretary. 


APPENDIX. 
On  the  D^nUwn  of  liU  Unit  ofHeaL 

The  question  of  the  definition  of  the  unit  of  heat  has  been  before  the 
Ooaunittee  on  various  occasions. 

In  1896,  at  the  Liverpool  Meeting,  after  an  exhaustiv  e  discussion  and 
^hecDRsideration  of  letters  from  scientific  men  in  all  parts  of  the  world, 

ioUowisg  propositionB  vere  provisionally  approved : — 

^  FropoMtm  I. — For  many  purposes  heat  is  most  conveniently  measured 
unnits  of  energy,  and  tbe  theoretical  C.G.S.  units  of  heat  is  one  org.  The 
'^itne  <  joule '  has  been  given  by  the  Electrical  Standards  Committee  to 

10'  ergs. 

For  nnfiy  prartiral  purposes  heat  will  continue  to  be  measured  in 
t^rois  of  the  heat  required  to  rai&e  a  measured  mass  of  water  through  a 
*^tiiiiite  range  of  temperature. 

If  the  mass  of  water  be  one  gramme,  and  the  range  of  temperature  1®  C. 
of  ths  hydrogen  thermometer  from  9**'b  C.  to  I0*''5  C.  of  the  scale  of  that 
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thermometer,  then,  according  to  the  best  of  the  existing  determinations, 
the  auottot  of  heat  requured  is  4*2  joules. 

It  will  therefore  be  eonvenieat  to  fix  upon  this  number  of  jonlea  m» 

a  seccnidary  unit  of  heat. 

This  secondary  thermal  unit  may  be  called  a  'calorie.' 
For  the  present  a  second  proposition  is — 

ProposiHon  11. — The  amount  of  heat  required  to  raise  the  tempera* 
tureof  one  gramme  of  water  1  C.  of  the  scale  of  the  hydrogen  thermometer" 
at  a  moan  temperature  which  may  be  taken  as  10°  C.  of  that  thermo- 
meter is  4  "2  joules. 

If  further  research  should  show  ili.it  the  slaU'nicnt  in  II.  is  not- 
exact,  the  definition  could  be  adjusted  by  a  small  alterdtion  in  the  mean 
temperature  at  which  the  rise  of  1°  takes  place.  The  definition  lu  1.  and 
the  number  (4:!)  of  joules  in  a  calorie  would  remain  unaltered. 

Tlie>e  ]in)})()sitionfj,  it  will  he  ol)served,  while  reatiirnuni^  llie  names- 
'  joule'as  the  e(juivale!it  of  10'  ergs,  and  calorie,  the  equivalent  of  l  l!  joules, 
as  the  amount  of  heat  required  to  raise  the  temperature  of  one  gramme  <)£ 
water  one  d^ree  centigrade  on  the  hydrogen  scale,  leave  undetermined 
the  mean  temperature  of  the  water  so  raised.  Proposition  II.  states  that> 
this  maj  be  taken  as  10**  C,  but  it  is  pointed  out  that  if  the  heat  required 
to  raise  one  gramme  of  water  from  9^*6  to  10***5C.  should  prove  not  to 
be  A"2  joules,  a  readjustment  in  the  mean  temperature  employed  in  the 
definition  could  easily  be  mude. 

Accordingly  in  the  Keport,  181)7,  made  at  Toronto  the  Committee 
wrote  :  — 

'At  the  Liverpool  Meetiiii;  the  committee  agreed  that  the  "caloric,'" 
defined  as  the  heat  e<juivalent  of  4  L'  x  10^  erj;s,  should  he  adopted  as  tlu^ 
unit  for  the  measurement  of  quantities  of  heat,  but  the  question  as  to 
the  exact  part  of  the  absolute  thermodynamic  scale  of  tempeiatare  at 
which  this  quantity  of  heat  oonld  be  taken  as  equal  to  one  water-gramme- 
degree  was  for  the  time  being  left  open. 

*  This  resolution  has  made  it  iiicumbent  on  the  Committee  to  oon^ider 
carefully — 

*  1.  The  relation  between  the  results  of  measurements  of  intervals  id 
temperature  by  accepted  methods  and  the  absolute  scale. 

*  2.  The  specific  neat  of  water  in  terms  of  the  ei^g  and  its  variation  with 
temperature. 

*  With  regard  to  the  first  point  there  appears  to  be  no  reason  to  doubt 
that  the  scale  of  a  oonstant-volume  hydrogen  thermometer  is  very  nearly 
idfliiti«»]  with  the  absolute  soale.   The  Committee  have  therefore  decided 

to  recognise  the  standard  hydrogen  thermometer  of  the  Bureau  Inter- 
national des  Poids  et  Mesures  as  representing,  nearly  enough  for  present 

purposes,  the  a1  •solute  scale.  This  convention  has  at  least  the  advantage 
of  giving  a  dclinite  n.eaning  to  statements  cf  the  numerical  value  of  inter 
vals  of  temperature  within  any  range  for  w  hich  comparison  with  the 
hydrogen  thermometer  is  practicable.  If  future  investigation  should 
show  that  it  is  inaccurate  to  any  appreciable  extent^  comsponding  cor- 
rections can  be  ajiplied  when  necessary.' 

As  re^rards  the  second  point  further  research  has  shown  that  azi 
alteration  in  the  temperature  of  measurement  is  required.    The  present 
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position  has  been  buiuined  up  by  Priucipal  (Iriftiths  in  the  '  KapportJs 
pr^sent^  aa  Congr^  International  de  Physique,'  Paris,  1900,  tome  i,  and 
in  lus  Lectures  on  ihe  Thennal  Measurement  of  Energy.'  They  aro 
also  summarise<I  1  ly  Professor  Everett  in  the  latest  edition  of  his  work, 
•CG.S.  Unite  and'Constants.' 

The  followinc^  tal.lo,  t.ikt'n  from  Professor  Everett's  work,  gives  the 
results  adopte<l  ))y  Pi  incipal  Grittiths. 

From  this  it  follows  that  the  heat  required  to  raise  a  gmmnic  of  watt-r 
P  ou  the  hydrogen  scale  is  4  2  joules  when  the  size  of  temperature  is 
from  7''«2  C.  to  8''*2  C.  Thus  acoording  to  this  the  10°  C.  of  Fkoposition  II. 
ihoold  be  7^*7  C,  and  a  calorie  would  be  the  heat  required  to  raise  a 
gmmme  of  water  U  of  the  hydrrigen  scale  from  7^*2  to  8°'2  of  that  scale. 


TdUea     Mechanical  Equimlenia  in  Jaulet, 

1  joule  =  10'  erfrs. 
Rowlsnd,  reducwd  bj  Day.  Hydrogen  scale. 
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The  results  of  a  sn  i<'s  of  ubsorvatioiis  on  the  heat  mjuired  to  raise  a 
gramme  of  water  from  U  C.  to  lUU  C.  were  published  by  lleyuoltls  and 
Moorby  in  1897.   The  quantity  necessary  is  proved  to  be  418*4  joules. 
Thus  the  mean  heat  required  to  raise  a  gramme  1**  C.  for  temperatures 
between  0'  and  100'  is  4-181  joulea.    This  number  is  not  tat  from  the 
4*2  joules  adopted  in  181)0  as  tlie  number  of  heat  units  in  a  calorie. 
Accordingly  the  suji^eKtion  has  been  made  that  it  would  bo  convenient 
to  change  the  definition  of  a  calorie  and  take  it  to  be  one-hundredth  part 
of  the  heat  required  to  raise  one  gninune  of  water  from  0^  C.  to  lOU^  C. 
In  this  case,  according  to  the  mean  number  adopted  by  Griffiths  (see 
table),  one  calorie  would  be  equal  to  4*1854  joules,  while  according  to 
Reynolds  and  Moorby  it  would  be  4*184  joules,  while  the  degree  centi- 
grade  through  which  it  would  be  necessary  to  raise  one  gramme  of  water 
in  order  to  absorb  an  amount  of  heat  equal  to  one  calorie  would  be  from 
17°  to  IS^  C. 

If  this  view  were  taken,  thcu  instead  of  Proposition  II.  of  1896  we 
should  read  : — 

One  calorie  is  the  amount  of  lieat  rernn'red  to  raise  the  temperature  of 
a  gramme  of  water  fioni  17^  ('.  ti»  Is  (J.  on  the  scale  of  the  hydrogen 
thermometer,  and  is  eijual  lo  4- 1^4  joules. 

It  should  be  noted,  however,  that  the  Committee  have  not  as  yet  taken 
any  resolution  on  the  point,  and  that  formally  the  propositions  accepted 
in  1896  and  reprinted  above  are  those  which  they  have  approved. 

It  sliould  also  be  mentioned  that  in  deference  to  inti^rnational  repre* 
sentations  the  use  of  the  word  '  therm '  was  withdrawn  in  1896,  the  name 
being  repUced  by  the  word  *  calorie.' 


Comjiarhi'i  miil  licdun'-iifj  Maijnrtic  (}hsei'v<iiiojL<.—li>'j)uif  of  the 
Co}})wt(lct\  (•<t,(,<i<i(i(fi  o/*  Professor  \\  .  (J.  Adams  {Clui  'tnntin),  Dr. 
C.  Chhke  (Scn-etarn)^  hort]  Kf.lvin.  IVoles^or  G.  Chrvst.M-,  Pro- 
fessor A.  ScnrsTEK,  Captain  K.  W.  Creak,  the  Astroxumek 
Royal,  Mr.  William  Vaaa^,  and  Sir  A.  W.  Hi  ckek. 

The  Committee  have  been  in  existence  since  1885,  and  have  exerted  a 
beneficial  and  important  influence  on  tetTestial  magnetism.  Questions 
connected  with  the  comparison  and  reduction  of  magnetic  observations  do 
not  now,  however,  se(;m  naturally  to  come  under  the  cognisance  of  the 
Committee.  Of  late  years  the  reports  have  really  been  papers,  for  which 
individual  members  have  been  responsible,  and  which  have  called  for  no 
corporate  action.  The  creation  of  an  international  committee  naturally 
affords  a  more  direct  means  of  communication  between  the  observers 
of  different  countries,  wbUst  the  existence  of  the  journal  *  Terrestrial 
Maf^netism  '  affords  a  means  of  reaching  with  greater  certainty  the 
limited  eiass  really  interested  in  the  subjeet.  Under  these  circum- 
stances it  seems  best  that  the  Committee  should  not  ask  for  reappoint- 
ment. 
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Seimoloqiral  Inre.stojntion.'t.— -Seventh  Iieport  ofthp  (^tmmiileCy  consist^ 
in^j  of  Professor  J.  W.  JuhD  (Ch(n'r,ii'i n  ).  Mr.  J.  MihNK  (Serrrfanf)^ 
Lord  Kklvin.  Profe^isor  T.  G.  Ponnky.  Mr.  C.  A'.  PoYS,  l*mfessor 
(}.  U.  Dakw  JN.  Mr.  lIoFiACP:  Dakulx,  Major  L.  iJAinvi.v,  I*rotessor 
J.  A.  1!\M.NG,  Dr.  P.  ']'.  Glazkbrook,  Profes.sor  C.  G.  Knott, 
JVotc^.-or  K.  Mkldola,  Mr.  U.  1).  Oldham,  Proff.ssor  J.  Pkkky, 
Mr.  W.  E.  Pllmmek,  Professor  J.  11.  PoYXTiNG,  Air.  Clkment 
Reid,  Mr.  Nelson  Richardson,  and  Professor  H.  H.  Turner. 
(Drawn  up  hij  the  Secretary,) 

Plate  I. 

COKTBKTS. 


69 
60 
61 
6i 


I.  On  iSeUmoimjical  Siutut'it  abroad  and  in  Great  Uritaim  .... 

)L  The  Tintmmemtt  in  ii$e  at  Skide  ......... 

Ill  The  Oru/iniflftke  Earthqnake$  rt  corded  in  1%99, 1900,  «nd  lOOl 
iV.  IhtTatioH  of  the  h  irst  Preliminary  Trrmors  ...... 

V.  Time  C  urrcjs  Jot  Ktrthtiuakct  rteorded  during  the  four  yean  ending 

D^mArr  81. 1900    66 

TL  The  ('omparimm«ftie  Beeord$  obiaUud  Jrom  three  korix^nial  ^eitdmlumt 

at  6hidt  68 

Vn.  Climametrie  Kxperimcnt*  .  70 

Vin.  Vertical  Spring  Srismngraph  Kxprrimentk  71 

rX.  On  the  ynt ttrr  of  f-.arth'jiiahi'  Mi  rement      .......  71 

JL  Bi^atiQushijt  hetnera  liock/oUiing,  Srifmir,  and  VUeonic  Activities  .  .  72 
XI.  (M  tke  romparitm  tf  Earthquake  Jir^uters  from.  8hide,  A'ew,  Bidtton^  and 

Ldinhurgit  78 
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T.  On  Seitmological  Stations  ahroad  and  in  Great  Britain, 

f^EisMOGKAPiis  of  the  type  reconiniei)ded  by  the  beismological  Investiga- 
liott  Committ^'e  of  the  British  Association  have  been  construeted  for  and 
bnoet  instances  are  already  established  at  the  following  stations  : — 


1.  Africa.     .    Cnpe  Town. 

1     M  Gaito. 

3>  Auainlia  .  Meibonriw. 

„        .  Sydi.ey, 
3.     „         .  Perth, 
i  Asam  (8  instraments). 


7.  Conada 

9.  Ceylon 
l<k  Eogland 

13.  Germany 

11  U.iwaii 
15.  India 

16. 

n. 

^  Japan 
SI.  Htuitiof 


H 
>t 


Tor*  •!  I  to. 
Victoria,  B.C. 
Colombo. 

81iid«,  Isle  of  Wight. 

Kew, 
}<idjnnn. 
8trm»burg. 
HoDoIaltt. 

(".ilcutta. 

Madras,  KodaikanaJ. 
„  Viiagapatam. 

Bombay. 
P.jitavia. 
Tokio. 

Royal  Alfred  Obierva. 
toiy. 


22.  Mexico 

23.  Kew  Zealand 

21. 

2o.  Portugal 
2B.  KuBsia 

27.  ,. 

28.  .. 
2t».  Scotland 
30. 

31.  S.  Ametica 


Mexico. 

Wellington. 

Chri8tcliiiich. 

Coiin  bra. 

Iikutfek. 

TtHis. 

Tascbkent. 

Edinburgh. 

Pais  ley. 

Cordova 

(Argentioa). 
Arpqnipa. 
San  Fernando.  ' 
Beynit. 


32. 

83.  Spain 
34.  Syria 
3.-..  Trinidad. 
3C.  U.b.  of  America 
37. 

38.  Antarctic 

Kegioos    8i. 'Diacorery.* 


Philadelphia. 
Ballimote. 


The  last  roisters  iBSued  by  the  British  Associntion  Oommittee  ar» 
^^inukrs  Not.  4  and  5.   These  refer  to  Shide,  Kew,  Bidston,  Edinhurgh, 
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Strasburgy  Toronto,  Victoria  (B.G.X  San  Fernando  (Spain),  Cairo,  Caf»e  of 
Good  Hope,  Calcutta,  Bombay,  Kodaikanal,  Batavia,  Trinidad,  H.-iIti 
nioro,  Mauritius,  Perth,  and  Irkutsk.  To  these  is  added  a  list  of  local 
earthquakes  observed  in  1901  in  Japan.  A  register  of  earthqu.-ik<?si 
observed  by  Mr.  (t.  TTouben  at  Wellington,  in  New  Zealand,  conimciioin*: 
October  3,  1900,  will  appear  in  the  next  Circular.  It  is  expected  that 
theso  will  be  supplemented  by  a  corresponding  register  drawn  up  hy 
Mr.  Coleridge  Farr,  of  Christohurcb,  in  New  Zealand.  Mr.  Hogben  is 
inclined  to  the  opinion  that  many  of  his  records  refer  to  disturbances 
originating  in  the  Antarctic  regions,  and  these  he  ha^  arranged  .to 
exchange  by  means  of  the  relief  expedition  with  those  which  may  have 
been  obtained  by  the  landing  party  from  the  ss.  '  Discovery.* 

The  last  instruments  despatched  were  those  sent  to  Mr.  F,  A.  Chaves, 
Director  of  the  meteorological  station  at  St.  Michael,  in  the  Azores. 
They  left  the  maker,  ii.  D.  Munro,  Granville  Place,  King's  Cross  Koad, 
London,  on  May  16  of  this  year. 

II.  The  Instrunients  regularly  in  use  at  SHide. 

1.  A  photngraphing  recording  horizontal  pendulum  oriented  north 
and  south.  This  is  the  type  of  instrument  similar  to  those  in  use  at  the 
other  stations.  It  is  adjusted  t<j  have  a  period  of  seventeen  seconds,  ancl 
with  this  odjustmcut  a  4^  turn  of  the  calibrating  screw  results  in  a 
deflection  of  the  enter  end  of  the  bocon  of  14  mm.  As  in  all  instmments 
a  P  tnm  of  the  screw  causes  a  tilt  of  1"*9,  the  above  adjustment  means 
that  a  deflection  of  1  mm.  at  the  outer  end  of  tlie  boom  is  equivalent  to 
a  tilt  of  0"'54.  This  stands  on  a  brick  pier  18  inches  square  and 
4  feet  high  above  its  footings,  which  rest  on  a  beds  of  concrete  above 
the  chalk  formation. 

When  a  rope  is  placed  round  this  column  2  inches  below  its  upper 
edge,  and  this  is  pulled,  the  deilectiou  of  the  upper  surface  of  the  column 
is  equivalent  to  0"'095  per  1-lb.  pull. 

For  certain  experimental  purposes  this  adjustment  of  14  mm.  deflec* 
tion  for  4®  turn  of  tlie  calibrating  .screw  is  the  one  now  adopted  at  Kew, 
Bidston,  and  Edinburgh  (see  p.  75).  If  the  instrument  is  regarded  as 
a  *  steady  point'  seismograph,  and  records  horizontal  motion,  such  motion 
is  theoretically  multiplied  (J  T  times. 

2.  A  pair  of  pendulums  similar  to  the  above  oriented  north-south  and 
east-west.  This  instrument  is  referred  to  under  the  name  of  its  donor, 
Mr.  A.  F.  Yarrow.  The  booms  of  this  instrument  swing  on  the  same 
vertical  upright.  The  one  recording  north-south  motion  has  the  same 
dimensions  as  those  of  the  type  instruments.  The  other  boom,  recordini; 
east-west  motion,  is  only  5^  inches  in  length  ;  but  there  is  cranked  to 
it  at  right  angles  a  light  recording  pointer,  the  arrangement  being 
similar  to  that  shown  in  lig.  1.  By  this  device  the  records  of  two  com- 
ponents of  motion  are  obtained  side  by  side  upon  the  same  band  of 
paper. 

Tills  instrument  is  installed  in  a  building  about  ')0  yards  distant 
from  that  in  whieh  the  ^rpe  instrument  is  placed.  It  stands  upon  » 
rectangulsr  brick  column,  uie  east-west  dimension  of  which  is  18  inches, 
and  the  north'SOuth  dimension  is  37  inches.  This  is  5  feet  3  inches 
in  height  above  its  footings.  Its  deflection  constant,  determined  as 
above,  is  in  an  east-west  direction,  1-lb.  pull  =  0"'14.   In  a  north-south 
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direction,  as  inferred  from  oxp^rinionts  upon  other  «Jimilar  columns,  the 
deflection  per  1-ib.  pull  will  probably  bo  one  quarter  oi  the  above,  or 

3.  A  pair  of  horizouUil  pondulums  writing  on  smoked  paper.  The 
booms  of  these  pendolaou,  which  are  made  of  bieycto  tubing,  are  each 
liHO  m.  in  length  and  cany  at  their  oater  ends  80-lb.  weights.  The 
lertieal  support  for  these  pendalams  is  a  lamp-post  bedded  in  concrete. 

The  vertical  distance  between  the  top  of  the  ties  which  carry  the  weights 
it  the  ends  of  the  booms  and  the  points  where  the  inner  ends  of  the 
'  -.Am<;  pivot  against  blf»ck'?  attached  to  the  lower  part  of  the  lamp  po«5t  is 
Meet  llli  inches.  As  at  ]»if's;t'nt  adjasted  a  motion  of  the  outer  fiid  of 
the  boom  oriented  north-south  i>>  l»y  means  of  a  light  lever  multiplied 
six  times,  whilst  the  movement  of  an  arm  cranked  to  the  east-west  boom 
nhfm  similar  armngement  multiplied  sixteen  times. 

A  plan  of  the  arrangement  is  shown  in  fig.  1.  The  dimensions  are  in 
minimetreR. 

Fig.  1 — Mca»ureineota  io  Millioietres. 


From  these  dimensions  it  follows  that  if  each  boom  were  tilted  equally 
the  diagrarn  for  the  north-south  boom  should  be  3'1  tiuies  greater  than 
that  given  by  the  east-west  boom. 

H  the  weights  carried  by  the  boom  be  regarded  as  centres  of  oscilla- 
tion  the  multiplication  of  horizontal  motion  can  be  calculated  from  the 
dimensions  given  in  fig.  1. 

This  instrument  takes  the  place  of  a  pair  of  horizontal  pendulums 
vbich  carried  weiij;ht.>  of  10  lb.  This  instrument,  a  spiral  spring  seismo- 
graph, and  a  large  balance  arrangctl  to  record  tilting,  which  are  referred 
to  in  the  Report  for  last  year,  an'  no  longer  in  use.  The  character  of 
the  records  obtained  from  the  last  two  of  these  instrumeiits  is  referred 
toon  pp.  70  and  71. 

III.  rZ/c  lif^rorfh  of  the  Tears  18110,  1000,  and  1001. 

In  the  Report  of  the  British  Association  for  1 000,  on  p.  70,  a  map  is 
jiven  showing  the  origins  from  which  the  earthquakeh  recoided  in  Britain 
daring  the  year  1800  had  radiated.  These  origins  were  deter  mined  by 
methods  explained  on  pp.  70  and  80  of  that  rej>ort.  The  {ic(  <»ni|  anying 
map,  tig.  2  ^Piate  I.),  gives  a  similar  distribution — each  cartinjuuko  being 
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referred  to  by  its  numbers  in  the  Shide  register — for  the  recor(ls  obtainet? 
in  the  years  1900  and  1901.  An  attempt  has  been  made  to  place  these  earth 

Snakes  in  groups,  each  gronp  being  enclosed  by  a  dotted  line.  Altogether 
here  are  tweWe  such  groups  which  on  the  map  are  indicated  by  the  first 
twelve  letters  of  the  alphabet.  A  glance  at  this  map  shows  that  certain 
of  these  groups,  like  B  and  C,  overlap,  whilst  there  are  many  instances 
where  orif:;ins  are  placed  outride  the  boundaries  of  any  of  the  groups. 
It  is  therefore  likely  that  when  the  data  on  which  these  groupings  are 
based  become  more  complete  the  same  will  be  subj»'ctecl  to  modifications. 
The  large  numerals  indicate  the  number  of  earthquakes  which  originated 
in  the  districts  marked  A,  B,  C,  in  the  years  1899,  1900,  and  1901. 
The  notched  bands  give  the  direction  of  prominent  ridges  on  the  face  of 
the  globe,  whilst  the  dotted  areas  are  the  '  deeps  '  or  depressions  in  the 
beds  of  various  oceans  exceeding  3,000  fathoms  in  depth. 

That  there  is  a  relationship  between  the  distribution  of  the  origins  of 
largo  cartluiuakes  and  the  pronounced  irregularities  on  the  surface  of  the 
earth  will  be  seen  from  the  following  notes. 

A.  Alaskan  Jifigion  (number  of  earthquakes  25). — The  average  depth 
of  the  water  in  this  bight  is  about  3,000  fathoms,  but  in  its  northern 
part  depths  of  3,200  fathoms  have  been  found  within  sixty  miles  of 
the  shore.  On  this  shore  Mount  St.  Elios  rises  to  a  height  of  18,000 
feet.  An  average  slope  from  the  land  to  the  sea  on  a  north  south  line 
can  be  found  which  exceeds  100  feet  per  mile.  This  is  over  a  distance 
of  180  miles. 

On  the  face  of  this  and  neighbouring  slopes  during  the  last  three  years 
it  is  probable  that  molar  displacements  of  great  magnitude  have  taken 
place.  On  September  10,  1899,  in  the  island  of  Kanak,  oppobitu  YakuUi, 
a  graveyard  sank  so  that  on  the  next  day  a  boat  was  able  to  vow  over 
the  place  where  it  had  been,  and  the  tops  of  the  submerged  trees  could  be 
seen.  Many  of  the  earthquakes  from  this  region  have  yidded  large 
seisniograms  at  the  Cape  of  Good  Hope,  which  is  antipodean  to  Alaska. 
We  have  here  a  district  partly  belonging  to  the  Alutian  ridge,  oti*  the 
southern  shores  of  which  within  eighty  miles  of  land  depths  of  4,000 
fathoms  have  }>een  noted,  where  orogenic  proc«'Hses  are  now  marked  the 
extent  of  which  will  probably  be  gauged  by  future  soundings. 

B.  CcrdiUerwn  Bejfian  (number  of  earthquakes  14). — This  region 
forms  the  western  side  of  the  Mexican  plateau  and  the  Cordilleras.  Just 
south  of  the  20^  parallel  a  depth  of  2,800  fathoms  has  been  found  within 
forty  miles  of  the  shore,  whilst  depths  exceeding  2.000  fathoms  have  been 
found  a  little  over  100  miles  from  the  land,  somewhat  farther  to  the  south. 
Although  there  are  peaks  in  these  regions  riaing  to  heights  close  upon 
18,000  feet,  the  average  height  of  the  ranges  does  not  greatly  exceed 
6,000  feet.  There  are,  therefore,  in  this  region  slopes  of  180  to  570  feet 
per  mile,  and  the  instability  of  these  is  testified  by  the  frequency  of 
their  yieldings. 

C.  AfUiUean  Begion  (number  of  earthquakes  16). — Here  we  have  at 
least  two  ridges  to  consider — that  of  Cuba,  Haiti,  and  Puerto  Rico 
running  east  and  west,  and  that  of  Grenada,  St.  Vincent,  Martinique, 

"Omninica,  and  other  islands  running  north  and  south.  The  oast-west 
ridgp  slopes  steeply  to  the  north  into  water  which  n(trth  of  Puerto  Rico 
attains  a  depth  of  4,000  fathoms,  and  to  the  south  into  water  2,fiOO  fathoms 
in  depth.  These  depths  are  respectively  found  at  distances  uf  sixty  and 
forty  miles  off  land  and  indicate  slopes  of  400 and  375  feet  per  mile.  With 
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iht  iiorth-south  ridge  the  slopes  to  tlie  west  over  a  shorfe  distance  liko 
tvdve  miles  is  1,000  feet  per  mile,  whilst  to  the  eastwards  it  is  oompara* 
lifdj  gentia   If  these  gradients  be  measured  in  lengths  of  300  miles  the 

iktpes  are  about  70  feet  per  mile. 

D.  Andean  Ditstrict  (number  of  earthquakes  1*2). — At  many  points  on 
the  west  coast  of  South  America,  within  fifty  miles  of  the  shore,  depths  of 
from  2,000  to  4,000  fathoms  occur,  which  correspond  to  grarlients  of  from 
2o0  to  480  feet  per  mile.  Within  a  distance  of  150  miles  from  the  sljore 
the  land  mes  to  a  height  of  12,000  feet,  so  that  the  gradients  from  them 
to  the  bottom  of  the  neighbouring  ocean  may  be  taken  at  130  to  180  feet 
per  mile. 

E.  Japan  District  (number  of  earthquakes  29), — To  the  past  of 
Northern  Japan  and  the  Kuriles,  at  a  distance  of  about  180  miles  off  shore, 
depths  of  4,000  and  even  4,600  fathoms  are  found,  indicatin<^  c^rodients  of 
130  to  150  feet  per  mile,  and  from  observations  made  in  Japan  it  is  known 
that  many  of  the  large  earthquakes  originate  on  the  face  or  at  the  bottom 
oC  these  slopes. 

P.  Jaioan  Duiriei  (number  of  earthquakes  41). — Off  the  south-west  coast 
of  Sumatra  and  the  south  coast  of  J  ava,  at  distances  of  from  eighty  to  lOO 
wiks,  depths  of  from  2,000  to  3,000  fathoms  occur.   The  straits  on  the 

opposite  shores  of  these  islands  are  shallow,  seldom  excoedinfj  thirty 
fathoms.  Eastwards,  from  Java  as  far  as  C'eram,  soundings  between 
1.  »  and  2,U00  fathoms  are  frequent.  At  on©  point  fifty  miles  south 
of  liie  latter  island  there  is  a  depth  of  4,000  fathoms.  From  this 
particular  *  deep '  on  September  29,  1899,  a  displacement  took  place  the 
dfeta  of  which  were  partially  ▼isible  by  subsidences  on  the  southern  coast 
4f  Oeram.  In  this  district  the  sub-oceanic  irregularities  in  contour  are 
SI  irregularly  distributed  as  the  islands  which  form  their  outcrops. 

G.  Affiuritian  District  (nutnber  of  earthquakes  1 7). — The  origins  for  this 
groap  of  earthquakes  are  not  well  defined.  Tliey  are  probahly  relate<l  to 
the  deprr'S-sion  lying  between  the  ridges  represented  by  tlie  Laccadi^'es 
Vkd  Maldives  ou  .the  east,  and  the  Seychelles  and  Mascarine  Islands  to 
tbs  south-west. 

H.  North-eattem  AUofUic  (number  of  earthquakes  22). 

I.  North-mestem  Atlantic  (number  of  earthquakes  3). 
J.  Nwth  Atiuntiie  (number  of  earthquakes  3). 

The  earthquakes  originating  in  these  distric  ts  liave  been  few  in  number, 
comparatively  small,  and  their  origins  aro  not  well  detined.  Although  a 
ridge  is  marked  as  extending  up  the  Atlantic,  it  is  comparatively  small, 
sod  even  in  the  vicinity  of  the  Azores  it  is  ditticult  to  find  a  gradient  over 
s  distance  of  180  miles  which  exceeds  33  feet  per  mile. 

K.  Alpin$,  JBMan,  Caueaeian,  Himalai^n  DiartOB  (number  of  earth- 
quakes 14). — Strictly  speaking  this  region,  which  is  the  only  one  from 
vbicb  earthquakes  originate  on  a  land  surface,  might  l>e  divided  into  four 
or  more  sub  regions  according  to  the  direction  of  the  strike  of  the  ridges 
^hich  each  represents. 

The  most  pronounced  foldings  are  in  the  enstei-n  part  of  these  districts 
vhfire  in  distances  of  100  miles  gradients  of  i2U  feet  per  mile  can  be 
foosd,  and  it  is  frcnn  these  steep  uopes  that  the  larger  earthquakes  have 
originated 
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IV.  DuraiioH  of  the  First  Preliminary  Tremors, 

In  aeismograins  from  the  Milne  horizontal  pendulum  the  first 
preliminaiy  tremors,  which  usually  appear  ns  a  thickening  of  the  normal 

trace,  arc  only  seen  in  connection  ^vith  f.urly  lari,"'  rlisturbances.  The 
reason  for  this  is  at  least  twofold  :  tirst,  as  a  reroidci-  of  elastic  vibrations 
the  multiplication  of  tha  instrument  is  low,  with  the  result  that  when 
these  vibrations  are  minute  they  may  be  loot  in  the  thickness  of  the 
t.rBoe ;  and  second,  because  as  the  leconling  surface  only  moves  at  a  rate  of 
1  ram.  per  miniite  it  is  diffionlt  to  measure  very  small  intervala  of  time. 
For  'near'  earthquakes,  thorofore,  tho  seismograms  usually  show  a  dis- 
turbance commencing  suddenly,  and  the  duration  of  the  preliminary 
tremors  connected  wntli  the  same  can  only  be  inferred  by  the  continuation 
of  the  curve  of  the  durations  of  the  movements  as  recorded  at  distant 
stations  backwards  towards  its  origin.  It  is  satisfactory  to  notice 
that  these  inferred  durations  closely  agree  with  actual  measurements 
id  the  same  made  by  seismographs  adaptM  to  record  *  near '  earthquakes. 

The  following  four  tables  give  the  daratioiis  of  preliminary  tremors 
in  minutes  for  earthqaakes  originating  near  Japan,  Mexvxs  Alaska,  or  in 
the  East  Indies  ns  recorded  at  Shide,  Kew,  Toronto,  Victoria  (B.C.), 
Bombay,  Batavia,  Mauritius,  Madras,  and  the  Cape  of  Good  Hope. 

The  number  following  a  duration  and  |»!aced  in  parenthesis  is  the 
number  of  the  eartlujuake  as  enteretl  in  the  Sliide  register.  For  districts 
.see  map,  lig.  2  (Plate  I.). 

Origins  Wf$t  of  Alaska  {^Di.'<ti{vt  X). 


) 


\'ictoria,  li.C.  . 
Toronto  .      .  . 

8hide,I.W.  . 

Kow 

Bed  Fernando  (Spain) 

l^omkiy .      .  . 
iialavia  . 


Distant  20^ . 


ft 


»« 


:(»=' . 

77''. 
lOS  . 


DttiatioDs  '^  (:m4),  2        7  (4.-4). 

5  (282),  8  (H09),r,(;i;ia;,G  (337), 

7  (941).  n  (442).  10  (464). 
n  (282).5(3:^:{,\  G(S41),8(344), 

8  (442),  8  {\:A). 
8  (33H ),  7  (337),  U  (338).  10  (442). 
W  (.309),  9  (337),  9  (448). 
10(3(m),  10(464). 
a  (454). 


»« 
•t 


Victoria,  ll.C. . 

Distant  S0<^ . 

Toronto  .  ... 

34« . 

.Shidc,  I.W.  . 

Ivow      •      *  • 

84« . 

San  Fernando  (Spain) 
<'8pc  of  (Jood  Hope  . 
liombay  •  . 
llatavia  . 

. 

«     HS  . 
„  160«. 

Victoria,  B.C. 

r.ombay  . 
bbide,  l.W. 

Toronto  . 


Oriffins  in  or  near  MfS'ieo  {Ih'strictM  B  and  0). 

Durations  (!  (3S1).  4  (446),  4  (447).  4  (472). 

7- (483). 

r,  (250),  3  (iOi).  »I  (381),  fi  (407). 
r,  (416),  3  (422).  6  (446).  4  (447), 
4  7  (472\ 

„       13(167). 4  (lHiM.i>(21.')  10(248), 
8(25)4),  10(407).  10  (455) 
!»(260).10(881).11  (407).9(445), 

10  (4.-*-.). 
10  (2<>4),  10(381),  7  415). 
.s  (445). 
10  (483). 
„      8  (483). 

« 

Orijfinf  nrar  Japan  {Di*tni!t  E). 

Distant  «0<» .      .    Dumtions 8  (3fi4),  8  (514).  8  (516). 

;>  (3(31). 

b  (31 7  1. 1 0  (3(16). 7 r40.'i),lO(4oO), 

10  (514),  10  (51G) 
10(514). 
a  <31J4) 


4 


P 


r 


87*>. 
JMT. 


« 
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Ongitts  in  the  Eatt  Indies  {District  Y). 

Bntavia  .      ,      .   Distant  22°  .  .  Domtloili  5  (441),  10  (503). 

Bombay.      .      ,        „      62*» .  .  „      8  (347),  10  (435;,  7(500). 

"                                   TS*.  .  „  10(:i24). 

Hope       „    105°.  .  „  12(:i77). 

105^  .  .  „       10  CiLM).  n  (347).  S  (354)  9(377). 

121°.  .  „       7  (13;t),4(134),  I0(324),6(a47), 

10  CM\  IS  (4M),  13  (460). 

„    121°.  .  „       14  (605). 


Cape  of  Gootl 
Victoria.  H.C. 
fcbide,  l.W. 

Kew 

Toronto  . 


M    13G°.      .         „  10(324). 

values  for  the  above  dantiona  wluoh  represent  the  intemlt 

in  minutes  by  which  tho  preliininary  tremors  have  outraced  the  second 
phase  of  motion  at  distances  of  '20,  30,  40,  50,  60,  70,  80,  90,  nnd  100 
degrees  from  their  origins  are,  4,  4  5,  6*5,  7*2,  8,  8-5,  9,  9  5,  and  9  7 
minutes.  The  materials  to  continue  plotting  the  curve  representee!  by 
these  tigures,  which  is  shown  in  lig.  3,  indicate  that  ten  minutes  is 
approximately  the  limit  by  which  the  aeoond  phase  of  motion  is 
oQtnused  by  the  preliminary  tremors,  and  this  hiuit  if  reaehed  et  a 
dietanoe  of  ninety  to  100  degrees  fnnn  an  origin. 

V.  Tinm  Cwnmfor  the  Earthquakea  recorded  during  four  ytar$ 

ending  in  1900. 

In  the  British  Association  Report  for  1900,  p.  67,  time  corves  for 
the  large  waves  and  preliminary  tremors  of  earthquakes  recorded  at 

long  distances  from  their  origins  are  given.  Tliese  curves  are  beised 
upon  records  obtained  from  ^filne  horizontal  peiiduUnns  prior  to  the 
year  1900.  In  fig.  3  similar  curves,  together  with  a  curve  for  the 
second  phase  of  earthquake  motion,  are  given  for  observations  made 
in  1900.  The  curve  for  the  second  phase  of  motion,  which  corresponds  to 
a  C1UT0  given  by  Mr.  R.  T.  Oldham,^  was  obtained  by  adding  the  time 
ordinates  of  the  lowest  corve  in  this  figure,  discossed  in  the  previona 
section,  to  those  of  the  time  cnrve  for  the  preliminary  tremors.  It  is  of 
interest  to  note  that  this  cur\'e  would  closely  correspond  with  a  curve 
representing?  the  mean  position  of  the  signs  x  which  are  direct  measure 
mentg  of  the  time  taken  by  the  second  phase  of  motion  to  traverse 
varying  distances,  and  are  not  included  in  the  materials  upon  which  the 
lowest  curve  is  based. 

The  individual  observations  relating  to  large  waves  are  indicated  by 
snail  crosses  (+),  whilst  those  referring  to  the  preliminary  tremors  are 
marked  by  small  circles.  It  is  clear  that  the  concordance  between  these 
nnd  their  average  position  as  represented  l)y  the  curves  is  not  so  close  as 
could  l>e  desired.  Tliey  do  not  di8j)ose  of  the  indication  based  on  prior 
obfervations?  that  the  apparent  velocity  of  large  waxes  is  not  unifoim, 
hut  may  l>e  at  its  maximum  in  4uadrantal  regions.  Also,  as  has  been 
shown  in  the  time  curves  puhHsiM  in  1900,  we  see  that  the  appatent 
velocity  of  preliminary  tremors  may  also  be  increased  in  regions  60**  to 
90**  from  their  origin. 

Dr.  C.  G.  Knott  writes  about  these  ol>servations  as  follows  : — *The 
other  day  I  took  another  and  more  careful  look  at  your  curves,  and  I  must 
confess  that  they  bear  out  your  old  view  of  the  large  waves  being  surface 
waves  better  than  anything  else.   The  large  wave  curve  is  a  straight  line, 

•  TMl  Trant.  Snp.  foe,,  p  163. 
1902  JP 
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and  though  we  could  formulate  a  law  which  would  make  through-earth 
waves  reach  the  ditferent  points  of  the  surface  in  times  proportional  to 
the  arcs,  yet  it  would  be  a  most  complicated  and  improbable  law.  There 
ii  no  doabt  the  snrfaoe  ran  fits  in  Mmimblj.  I  always  had  great  diffi- 
enlties  abonfe  it,  hat  ^'iBots  are  ehiele  that  winna  ding,"  and  the  meet 
obvioiM  interpretation  of  your  carve  is  your  old  viev  of  surface  waves.  I 
never  oould  bring  myself  to  believe  in  the  transition  of  such  small  oscilla- 
tions through  the  heterogeneous  crust.  It  is  conceivable,  however,  that 
what  we  observe  may  bo  the  outcrop  of  waves  running  over  the  surface 
of  the  inner  m«jre  horaoj^cneous  nucleus.  This  may  not  be  necessary. 
Meanwhile  I  am  compelled  to  withdraw  my  antagonism  to  the  surface 
waye. 

'The  preliminiry  tremor  oarve  fite  to  within  the  errori  of  ohBervation 
the  formula  time  oe  ehord. 

*  The  ohord  is  proportional  to  sine  of  hall  the  angle.  Tabulating  we 
get:— 


Am 

Time  obHerved 

Sin  A  An 

Time  observed 

Time  to  Aulipodea 

Timo  to  Antipodes 

SO 

•17 

•174 

•20 

30 

•26 

•269 

•80 

40 

•35 

•342 

•89 

60 

•44 

•423 

•487 

eo 

•61 

•WK) 

•67 

70 

•88 

•674 

-06 

80 

•64 

*643 

•72 

90 

•70 

•707 

•78 

100 

•76 

•766 

•88 

110 

•83 

•819 

•87 

180 

•87 

*8<8 

•91 

ISO 

•91 

•906 

•94 

140 

•95 

•940 

•96 

160 

•98 

•985 

•99 

*The  fourth  oolnmn  gives  the  same  comparison  for  the  second  curve, 
vhat  yon  call  the  second  phase.  In  calculating  the  ratios  of  the  times 
I  take  23  minutes  to  be  the  time  to  the  antipodes  in  the  case  of  the  first 
phase  and  33*5  minutes  for  the  second  phase, 

*You  will  spe  how  admirable  the  agreement  is  for  the  first  phase. 
But  it  is  not  so  u'ood  for  the  second  phase.  The  tirst  phase  runs  at 
practically  the  same  rate  along  the  chords.  The  second  phase  seems  to 
mn  a  little  more  quickly  the  deeper  they  go.' 

Tables  of  apparent  yelodties  rased  on  observations  prior  to  the  end  of 
1896  are  given  in  the  *  British  Association  Report'  for  1897,  p.  173. 
These  are  discussed  in  the  Report  for  1898,  p.  221,  where  a  table  shows 
that  the  apparent  arewU  velocity  for  preliminary  tremors  varies  with  the 
square  root  of  the  average  depth  of  the  chord.  In  the  report  for  the 
following  year,  p.  231,  the  preliminary  tremors  arr;  referred  to  as  passing 
through  the  earth  with  an  average  velocity  wliich  increases  with  the 
square  root  of  the  average  depth  of  the  chord  along  which  they  are 
assumed  to  travel.  Whilst  pointing  out  the  inaccuracy  of  this  reference, 
it  must  also  be  observed  that  tiie  variable  velocity  it  implies  is  not 
snwtained  hj  observations  here  published. 
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VI.  Oyi  tlie  Comparison  of  Records  ohfainrd  f/'om  f/nri^  IIorlzonf<d  Pendu' 
luins  at  Shide^  the  Katural  Ptriods  oj  which  have  from  time  to  time 
hem  aUered, 

The  instruments  refei  red  to  are  tlie  photographic  recording  pendulums 
described  on  p.  GO.  Their  records  are  compared  in  the  followincr  table. 
Tiie  type  of  pendulum  which  records  east-webt  motion  i»  referred  to  by 
tbe  letter  A.  The  pendulnm  with  the  short  boom,  also  recording  eaat- 
west  motion,  and  forming  put  of  the  Yarrow  instrument^  is  referred  to  as 
B|  whilst  the  north-soatb  boom  of  the  same  is  called  C. 

Pendulum  A  has  been  kept  with  a  period  of  17  secondSi  whilst  the 
periods  of  B  and  C  have  from  time  to  time  been  changed. 

The  numbers  in  the  first  column  refer  to  difierent  earthquakes  re- 
corded between  Jannair  1  and  Jwa»  3(V  1902,  es  entered  in  the  ShUe 
Begister  (see  Cirenlar  Na  6).  In  the  next  three  coinmns  are  the  differ* 
ences  in  minutes  at  which  A,  B,  and  C  respectively  commenced  to  move. 

The  first  entry  for  Earthquake  No.  ^)7'2  means  that  A  and  B  show 
conimnuonientfi  of  movement  4  minutes  later  than  C,  beneath  which 
tliere  is  a  zero. 

Amplitudes  are  also  referred  to  under  three  columns  marked  A,  B, 
and  G.  They  indicate  half  the  complete  range  of  the  maadmnm  motion. 
Values  less  tlian  one  millimetre  refer  to  the  thickening  of  the  line,  and 

indicate  half  its  width. 

Duration.s  of  the  different  earthquakes  are  |^ven  in  the  last  three 
columns.   They  are  expressed  in  minutes : — 


1 

Differences  in  times  i 
of  ConuiMaoMBant  { 

AmpJitndM 

Durations 

A 

B 

c  1 

*  1 

B 

1 

1 

"  1 

C 

8. 

8. 

1 

8. 

8. 

8. 

8. 

8. 

8. 

Period*  . 

17 

M  1 

17 

17 

IS 

n  1 

11  ,  M 

M. 

M. 

MX. 

XX. 

XX. 

X. 

M. 

M. 

672 

4 

U 

10 

20 

3-U 

11  f) 

140 

180 

573 

6 

0 

0-25 

025 

o 

10 

674 

0 

8 

6 

()-6 

0-6 

10 

70 

60 

« 

675 

not  V 

isible 

0  25 

not  V 

Lsible 

10 

676 

1 

0 

0 

0-5 

025 

025 

38 

10 

45 

67T 

0 

1 

1 

086 

0^S6 

0*26 

8 

6 

6 

678 

97 

0 

0 

0-25 

0-5 

0-6 

46 

120 

ISO 

679 

not  wo 

rking 

0  25 

r. 

680 

1 

025 

0  5 

05 

25 

S.'S 

H5 

681 

0 

05 

20 

20 

120 

230 

150 

588 

0 

2 

13 

0-25 

0-5 

0-25 

45 

50 

20 

688 

1  » 

0 

05 

0-75 

10 

1 

45 

55 

a 

8. 

8. 

8. 

8. 

8. 

8. 

8. 

Faxiod*      •  ■ 

1  10 

10 

17 

10 

10 

1 

10 

10 

684 

0 

3 

10 

0-5 

0*6 

80 

65 

60 

686 

0 

41 

1 

10 

025 

0-4 

60 

20 

60 

686 

air  tre 

mors 

0-6 

100 

687 

»» 

0-6 

1  90 

688 

0 

'  0 

2-0 

lO 

1-0 

70 

60 

60 

689 

not  wo 

rking 

10 

**" 

1  90 
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INflsMiMM  in  yaws 
of 


AmpUkadM 


DarftUont 


A    ,  B 

c 

11 

c  1 

A  1 

B 

c 

 1 

fi. 

s. 

— . 

i 

8.  ' 

1 

K. 

8. 

H. 

Periods       .      •  i 

la 

16 

17 

la  ' 

•16  1 

17  1 

u 

10 

690 

7 

0 

47 

025 

— . — 

0  25 

0  25  i 

1 

10 

15 

691 

0 

n; 

58 

0  25 

0  25 

0-25 

5 

5 

^  1 

5l>2 

18 

0 

c> 

06 

0-25 

10 

25 

30 

4(»  1 

598 

9 

0 

16 

0-75 

05 

10 

90 

120 

120  . 

69i 

IH  ? 

0 

0 

025 

0L*5 

— 

10 

10 

695 

t> 

air 

025 

0  25  . 

' 

25 

5 

— 

1  " 

trems. 

59G 

51 

0 

44; 

025 

025 

026 

30 

35 

120 

597 

0 

025 

0J» 

25 

6 

7 

598 

0 

•ir 

1  0-25 

0-26 

10 

6 

- 

trems. 

599 

G 

10 

0 

1  -n 

1  yi 

075 

2-5 

50 

35 

75  ! 

GOO 

9 

not 

0 

0-25 

not 

025 

20 

30 

viiiible 

visible 

3< 

0 

40 

10 

1-2 

1-2 

140 

HO 

165 

602 

not 

—   j  not 

— 

0-25  J  — 

t 

visible 

'▼imble 

»i 

faint 

0-25 

— 

6 

1  _ 

t>04 

0 

0     J  M 

026 

025 

6 

C 

605 

8T 

faint  0 

0*5 

0-76 

66 

86 

www 

A 
V 

0 

I  0 

6-0 

2I 

80 

180 

90 

180 

8. 

8. 

8. 

8.     1  8. 



8. 

8. 

8. 

*i 

IT 

19 

» 

17  1  M 

1  17 

17  j    19  1 

607 

0 
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When  examining  the  above  table  it  must  be  remembered  that  pendu- 
lum C  is  oriented  at  ri^ht  angles  to  A  and  B,  that  the  stiffness  of  the 
oolnmn  carrying  A  is  flhghtly  greater  than  that  carrying  fi,  and  also  that 
theie  two  pendnliimB  have  not  always  been  so  adjusted  as  to  h  n  e  the 
same  sensibility  to  the  effects  produced  by  tilting.  It  must  also  be  borne 
in  mind  that  preliminary  tremors  are  but  small  movements,  and  their 
visibility  will  vary  with  tho  width  of  the  photograpliic  trace,  whilst  many 
of  the  entries  referring  to  amplitudes  of  0  25  millimetre  are  markings  so 
slight  that  they  might  .easily  escape  detection. 

When  the  periiSs  of  A  and  B  were  17  seconds  (572  to  683  and  607  to 
609)  out  of  thirteen  records,  the  differences  in  time  at  which  these  instni* 
awiiti  coiBinenced  to  reoord  did  not  exceed  1  minato  io  seven  oases, 
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and  there  are  two  cases  where  the  dilftmcet  are  2  and  3  minutes. 
In  the  remaining  four  cttses  the  difierenoes  are  respectively  8,  97,  6,  and 
32  minutes.  When  the  poriod  of  B  waa  changed  to  10  and  then  to 
12  seconds,  it  seems  to  hav  e  been,  out  of  eighteen  cases,  a  matter  of  chance 
as  to  which  of  the  two  pendulums  first  responded  to  the  movement  of  the 
ground.  Twice  they  commenced  simultaneously,  and  three  times  the 
oiffereiiee  in  the  commencements  was  from  2  to  3  minutes.  In  all  other 
instances  these  differences  are  large.  The  times  at  which  pronounced 
phases  of  movement  have  taken  place — for  which  tables  are  not  given^ 
are  practically  identical  for  all  the  pendulums. 

In  comparing  amplitudes  when  the  periods  of  A  and  B  were  equal 
(17  sec),  the  amplitudes  were  either  equal  to  each  other  or  that  for  B 
was  larger  by  0*25  mm.  The  only  exceptions  are  for  Earthquakes  608 
and  609. 

When  B  was  reduced  to  10  and  then  to  12  seconds  the  amplitudes 
were  for  all  the  larger  disturbances,  excepting  601,  distinctly  smaller 
than  those  recorded  by  A.  In  other  instances,  relating  to  small  earth* 
quakes,  these  displacements  were  equal. 

A  similar  relationship  between  amplitude  and  period  is  seen  when 
comparing  O  and  B. 

This  result  is  one  which  does  not  accord  with  the  result  of  a  somewhat 
similar  experiment  made  by  Dr.  F.  Omori,  whilst  it  does  accord  with  the 
hypothesis  that  the  large  waves  of  earthquakes  traverse  the  surface  of 
the  earth  in  undulations. 

With  equal  periods  for  A  and  B,  generally  the  latter  was  caused  to 
move  for  a  longer  time  than  the  former,  whilst  when  B  was  rendered 
more  stable  this  result  was  usually  reveraed.  This  again  suggests  that 
the  movements  recorded  are  accompanied  hgr  tilting. 


VlL  CUnotnUrie  £scperimeni$. 

In  1891,  whilst  resident  in  Japan,  I  designed  a  clinometer  to  record 
the  tilings  of  the  ground  which  take  place  with  severe  earthquakes  withm 
two  or  three  hundred  miles  of  their  origin.  The  chief  feature  in  this 
instrument  was  a  balance  beam  loaded  at  its  extremities,  which  when  its 
frame  was  tilted  in  a  direction  at  right  angles  to  its  length  was  assumed 
to  retain  its  horizoutality.  A  pointer  like  that  of  an  ordinaiy  balance 
attached  to  this  beam  acted  as  a  steady  fulcrum  for  the  short  arm  of 
a  lever,  the  outer  end  of  which  rested  on  a  smoked-glass  surface. 

This  is  described,  and  iUustrationsof  its  records  are  to  be  found  in  the 
*  British  Association  Report  for  1893,'  and  in  the  *  Seismological  Journal,' 
ii.  p.  103. 

In  1900  and  1001  at  Shide,  in  the  Isle  of  Wight,  I  set  up  a  similar 
but  much  lar<.,'i'r  clinometer,  with  the  expectation  that  it  would  give  some 
definite  information  about  the  so-called  large  waves  which  are  assumed  to 
accompany  large  earthquakes  when  they  have  radiated  to  great  distances. 
This  'experiment^'  which  is  referred  to  in  the  'British  Association 
Beport '  for  1 900,  p.  83>  consisted  in  observing  the  movements  of  a 
pointer  attached  to  the  earth  relatively  to  a  pointer,  4  feet  in  length, 
attached  at  right  angles  to  the  beam  of  a  balance,  the  arms  of  which  were 
5  feetjn  length,  audi  each  carried  a  load  exceeding  30  lb.  Any  relative 
movement  of  these  pointers  was  shown  by  the  displaioement  of  a  qpot  of 
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light  reflected  from  a  mirror  hung  by  a  bi&lar  attachment  between  the 
two  pointen.  Snbieqnentlj  the  record  wm  made  nedbanically. 

With  the  first  tnsteUation  1  mm.  defleotioa  as  (K''7,  and  in  the  eeoond 
6"-0. 

Although  leveral  large  earthquakes  took  plaoe^  no  record  was 

obtained. 

Al>out  the  samo  time  Dr.  Wiihelm  Schliitter  (see  his  'Inaugural 
Dissertation,'  Gdttingen,  1901)  experimented  with  a  balance  form  of 
clinometer.  The  records  were  photographic,  but  his  photugrams  failed  to 
give  any  trace  of  twenty  earthquakes  recorded  by  seismographs. 

VIII.  Experiments  with  a  Vertical  Spring  Scisnwgraplu 

With  the  object  of  at  least  detecting  the  vertical  component  ol  the 
large  waves  which  accompany  unfelt  earthquakes,  in  March  1901  I 
suspended  from  the  wall  of  my  laboratory  an  ordinary  spiral  spring, 

1  inch  in  diameter,  which,  under  the  inflaence  of  a  load  A  1  lb.  8  ost  axid 
its  own  w^ht^  was  3  feet  5  inches  in  length.   Its  period  was  then 

2  seconds.  By  the  rising  or  falling  of  the  weight  a  small  mirror  was 
caused  to  rotate,  whicli  displaced  a  spot  of  light  it  reflected  npon  a 
moving  photographic  surface. 

'The  ejirthquakc  of  Octolier  9,  1900,  Caused  ripples  on  the  photogram 
each  about  0*5  mm.  in  range,  wliich  w^ould  correspond  to  a  change  that 
might  have  been  produced  by  increasing  and  decreasing  the  load  by 
part  of  itself.  The  period  of  motion  was  approximately  6*5  minate% 
which  corresponded  with  the  period  of  maxima  in  the  large  waves  as  m 
an  ordinary  seism ogram. 

The  Venezuela  earthquake  of  October  29  gave  deflections  of  half  the 
above,  and  with  periods  of  about  7  miimtes.  Other  earthquakes  caused 
somewhat  similar  movements,  bat  usoally  nothing  mors  than  slight  blntfs 
npon  the  photographic  traces  were  to  be  seen. 

The  records  from  the  clinometer  indicate  that  earth  tilting  has  not 
been  measurable  by  the  instrninent  employed,  whilst  the  records  from  the 
spiral  spring  show  that  there  is  a  possibility  that  vertical  motion  may 
exist,  but  if  it  doe&  it  is  exceedingly  minute.' 

IXi  (hi  Uie  Naiure  of  JEartliquake  Movement  as  recorded  at  a  greai 

distance Jrom  iUoriyin. 

In  an  article  in  'Nature,'  January  2,  1902,  p.  202,  after  epitomlsitii:^ 
the  various  ol^servations  which  have  been  made  in  connection  with  the 
large  waves  of  earthquakes,  it  is  said  that 

'The  general  inference  is  that  the  lai^e  waves  due  to  earthquakes 
originating  at  a  distance,  whether  they  are  surface  waves  or  mass  wavesi 
actuate  horiaontal  pendulums  by  horizontal  displacements  of  the  groondi 
rather  than  by  the  tilting  of  the  same.' 

Observations  which  support  this  view  ate  as  follows : — 

1.  Clinometers  have  hitherto  failed  to  detect  any  tilting  eflbcts. 

2.  If  it  is  assumed  that  the  records  of  horizontal  pendulums  givtb 

angular  values  for  tilting,  and  from  the  period  of  the  waves  causing  these 
tiltings  and  the  velocity  with  which  these  waves  are  propagated  on  the 
assumption  of  simple  harmonic  motion  we  calculate  their  length,  we  have 
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all  the  elemento  whicli  are  required  to  celenlftte  the  heights  of  these  wweO 
Noir  these  heights  are  frequently  as  much  as  1  or  2  feet,  and  ftppereiitly 

represent  accelerations  5^  of  gravity.  The  magnitude  of  tliese  ([uantitips 
is  certainly  sutficient  to  create  a  suspicion  that  the  angular  values  assigned 
to  large  waves  has  hitherto  been  exaggerated.' 

3.  The  slight  evidence  of  vertical  displacements  afforded  by  the 
ea^riments  described  on  p.  70. 

4.  Dr.  F.  Omori's  observation  that  the  amplitude  of  seismograms  is 
not  dependent  upon  the  sensibilities  of  the  seismographs  to  tilting  suggests 
that  the  movements  represented  by  Urge  waves  are  horisontal  rather  than 
undulatory. 

5.  The  smallness  and  paucity  of  records  obtained  from  bliilar  pen> 
dulums. 

On  the  contrary,  observations  which  support  a  surface  undulation 
hypothesis  are  the  following  : — 

1.  Surface  undulations  exist  in  epifocal  districts,  and  theso  by  the 
movement  of  water  in  ponds  and  lakes,  the  movements  of  the  bubbles 
of  spirit  lovids,  the  apparent  movement  of  stars  in  the  fields  of  telescopes, 
and  1^  other  phenomena,  have  been  detected  in  districts  many  hundreds 
of  miles  beyond  the  epifocal  area.* 

2.  The  approximately  constant  velocity  of  propagation  assigned  to 
large  waves  (nee  pp.  G5  and  67). 

3.  Observations  wliich  sliow  that  the  magnitude  of  a  seismogram 
is  dependent  upon  its  sensibility  to  tilting,  p.  70.  This  conclusion  is 
apparently  contrary  to  that  arrived  at  by  Dr.  Omori. 

4.  The  indications  ol  a  vertical  component  of  motion,  which  have  been 
reootdedi  p.  71. 

With  these  latter  observations  before  us,  it  seems  reasonable  to 
eondade  that  the  large  waves  of  earthquakes  have  an  undnlatoiv 

character,  but  the  tilting  involved  is  not  so  great  as  generaOy  supposed, 

and  in  this  sense  the  above  quotation  from  '  Nature'  i-equiivs  correction. 

In  the  seismograms  of  a  large  earthquake  we  have  the  records  of  at 
least  two,  and  probably  three,  types  of  movement,  and  the  manner  iu 
which  they  are  presented  to  us  depends  upon  the  character  of  the  instrument 
by  which  they  were  recorded.  An  ordinary  ^on^period  horizontal  pendulum 
shows  the  praliminarv  tremors,  which  are  regaled  as  compressional  waves, 
which  have  passed  through  the  earth  to  be  recorded  as  ripples  with  a 
small  amplitude  ;  wliilst  the  large  waves,  which  are  assumed  to  be  very 
flat  undulations  passing  round  the  earth  iu  or  l>eneath  its  crust,  are 
shown  as  large  displacements,  which  are  magmhed  cli'ects  due  to  very 
slight  tilling. 

The  same  disturbance  recorded  by  an  apparatus,  the  natural  period  of 
which  is  shori,  but  which  is  provided  with  indices  having  a  high  multipli- 
cation, gives  records  in  w]n(  ]i  the  preliminary  trem<Hrs  are  laigs^  whilst 
the  laige  waves  are  small,  if  not  entirely  absent.^ 

X.  JMoHatuhip  Beiwem  Moekfoldinff,  SeirnniCf  and  Voleanie  Aeiivitieg^ 

Lyell  remarks  in  his  '  Principles  of  Geology,*  vol.  ii.  p.  177  (12th 
edition),  that  near  the  Bay  of  Naples  there  appears  to  be  a  oonnectioB 

»  Brit.  Auoo.  Hep.,  1898,  p.  206.  '  Jlrid.,  19(X),  p.  83. 

•  ItUU  1898,  p.  219 ;  also  1900,  p.  73.  *  iM,  189S,  p.  268. 
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betvetti  movemenii  of  upheaval  mad  »  local  devolopment  of  voloanio 
lioat^  whilst  perioda  of  deprwtion  have  been  ooaoarrent  with  periods  of 
volcanic  quiescence.   A  glanee  at  the  map^  fig.  2  (Plate  I.),  shows  that  the 

districts  from  which  large  earthquakes  originate,  or  earthquakes  which 
are  accoinpauietl  by  molar  displuLt  nients,  are  thase  in  wliich  geological 
o^rvations  indicate  that  the  land  surfaces  exhibited  as  ridges  have 
recently  been  elevated  and  where  history  indicates  that  eleraUon  is  yet 
in  progress. 

When  this  elevation  takes  place  in  a  ridge,  it  seems  likely  that  its 

bounding  furrow  or  furrows  should  be  deepened,  and  direct  evidencf  that 
this  is  the  case  is  sometimos  to  bo  found  in  tho  records  of  soundings  taken 
before  and  after  great  earthquakes.  These  records  give  some  idea  of  the 
magnitude  of  the  sudden  changes  in  conti^uraiiun  which  tiike  place  in 
ooean  beds,  whilst  the  dynamioiS  efforts  which  aooompany  the  same  are 
■een  in  the  disturbances  caused  in  oceanic  water  and  the  propagation  of 
▼ibiatioos  from  their  origin  to  their  antipodes.  Another  effect  which  may 
accompany  these  sudden  adjustments  is  to  relieve  volcanic  strain,  and  no 
l>ctter  illustration  of  this  can  he  found  than  in  the  volcanio  history  of  the 
Antilles,  which  is  briefly  as  follows  : — 

1682.  Fort  Koyal,  in  jAraaica,  dejitroyed  hy  an  sarthqvako  and  land  sank  beneath 

the  sea.    St.  Kitts  erupted. 
1718.  Violent  earthquake  in  St.  Vincent,  accompanied  by  an  ernption. 
1766-6T.  Violent  earthquakes  in  the  N.E.  of  South  America,  Cuba,  Jamaica,  and 

many  of  the  West  Indian  islands.   An  eruption  in  St.  Lucia. 
1797.  Febroary  7. — 10,000  Uves  were  lost  In  Qnlto.  There  were  also  sfaodcs  In 

the  Antilles.    Ernption  in  (fuadeloape. 
1802.  Severe  shock  in  Antigua.    Eruption  in  Quadcloupe. 

1812.  Caraccas  mined  by  an  earthquake.    November  11,  1811,  violents  shocks 
oommenced  in  the  Sonthem  States  of  Monh  America.   Bruptioiis  in  St. 
Vincent  and  Guadeloupe. 
183&-36.  Violent  earthquakes  in  Chili  and  Central  America.   £raption  in  Quade* 
loope. 

IMS.  April  10.— Large  earthquake  in  Central  America,  by  which  towns  were  de- 
stroyed. About  this  date  Mt.  Pel6e,  in  Martioioue,  smoked  and 
mmbled.  Hay  8  it  empted.  Gables  were  broken  ana  the  sea  receded 

on  thi:i  date,  and  was  again  disturbed  on  the  8th,  19th,  and  20th.  May  7, 
eniption  in  St.  Vincent.  Other  cables  were  interrupted.  May  H.  violent 
eruption  of  Mt.  Pcl^e.  With  these  eruptions  there  were  many  biuall 
eaithmiakes 

Practically,  therefore,  we  see  that  every  volcanic  eruption  in  the  West 
Antillei  haa  been  oonnocted  with  aome  aadden  geGtoetonio  change  in 
ita  own  or  in  a  nelghboaring  ridge. 

The  small  earthqnalroe,  of  which  there  may  be  30,000  in  the  world 
per  year,  do  not  hold  any  appreciiOile  relationship  to  the  volcanic  activity 
of  the  districts  in  which  they  occur.  ^ 

XI.  On  Uus  Comparison  of  EarthqiMke  Reguters j'rom  Sh  'uie^  KeWj 

Bidtton,  and  Edifihurgh. 

In  the  *  British  Association  Report,'  1901,  pp.  44-50,  reference  is  made 
to  a  series  of  earthquake  records  obtained  in  the  early  part  of  1901  at 
Kow,  Sliide^  Bidston,  and  Edinburgh.  These  registers  and  their  con- 
tinuations  to  the  end  of  that  year  will  be  found  in  the  British  Associa- 
tion Cireolars  Noa.  4  and  d.   The  following  comparisons  of  the  records 

*  See  Nature^  May  29  and  June  11, 1902. 


Digitized  by  Google 


74 


AEPOBT— 1902. 


from  the  above  lour  stations,  which  are  respectiTolj  situated  OA  alhiTiiifll, 

chalk,  new  red  sandstone,  and  a  Palaeozoic  f  el  stone,  with  the  OZOOptioil  of 
the  month  of  Jnly,  when  the  instrument  at  Bidston  wao  not  woridng, 
relate  to  the  remaining  eleven  months  of  the  year  1901. 

Bt&thqmke  Frequency. 

At  Kew  73  records  were  obtuiucd,  G3  of  which  were  noted  at  other  stations. 

Atshide       107    „       «        «      «)        M  „  »,  „ 

At  Bidston      13!^     „        „         „      94         „  „  „  „ 

At  Edinburgh  U4     „         „  „       86  „  „  „  „ 

Earthqiialr.  Duration. — During  the  period  under  consideration  fourteen 
large  earthquakes  were  recorded  at  each  of  tlie  four  stations,  and  were 
also  n^corded  at  many  other  stations  tliroufjliout  llie  worlfl.  The  total 
number  uf  hours  and  minuter  during  which  the  instruments  at  the  four 
British  stations  vera  caused  to  move  by  these  disturbances  were  as 
follows  :— Kew,  27  h.  40  m. ;  fihide,  31  h.  56  m. ;  Bidston,  30  h.  25m. ; 
Edinburgh,  31  h.  59  m. 

Amplitudes. — For  tlio  above  fourteen  earthquakes  the  sum  of  the 
amplitudes  in  millimetres  recorded  at  the  four  stations  were  as  follows  : — 
Kew,  42*8  mm. ;  Shide,  >  58*4  mm. ;  Bidston,  56*7  mm. ;  Edinburgh, 
40*7  nmi. 

The  inferences  to  bo  drawn  from  the  above  three  analyses  are  by  no 

means  clear. 

The  Frequency  Table  apparently  shows  that  at  Sfiide  and  Bidston 
more  earthquakes  ean  be  recorded  than  at  Edinburgh  and  very  many 
more  than  can  l»c  recorded  at  Kew.  Keference  to  the  registers  of  these 
four  btatiuns  shows  that  the  omissions  in  the  Edinburgh  and  Kew  lists 
relate  to  earthquakes  which  were  comparatively  feeble. 

Not  only  are  the  records  at  Kew  few  in  number,  but  the  duration  of 
a  given  set  of  earthquakes  as  recorded  at  that  station  is  shorter  than  the 
duration  of  the  same  set  of  eurtliquakes  as  recorded  at  other  stations. 

A  much  more  marked  difference  between  these  four  sets  of  records  is 
to  be  seen  in  the  Table  of  Amplitudes,  which  it  must  be  noted  have  been 
entersd  at  horizontal  displacements.  Erom  these  records  the  inference  is 
that  the  extent  movement  at  Edinboi^gh  and  Kew  is  much  less  than 
it  is  at  Shide  and  Bidston.  Inasmuch  as  the  foundations  at  the  first  two 
mentioned  stations  are  respectively  harder  and  very  much  softer  than 
the  foundations  at  the  two  second  stations,  it  seems  improbable  that  the 
differences  in  amplitude  here  recorded  are  to  be  altogether  attributable 
to  the  geological  character  of  the  materials  on  which  these  four  stations 
are  situated. 

A  more  likely  cause  resulting  in  these  apparent  differences  in  ampli- 
tude, and  we  may  add  also  the  differences  in  durations  of  movement  and 
number  of  records,  is  to  be  found  in  differences  in  the  sensibilities  of  the 
instruments  at  the  four  stations. 

If  as  a  measure  of  the  seusibility  of  an  instrument  we  take  the  angle 
through  which  the  bedplate  <tf  the  same  has  to  be  tilted  to  produce  a 
deflection  of  one  millimetre  of  the  outer  end  of  the  boom  which  it  earriesi 
then  the  sensibilities  of  the  instruments  at  the  lour  stations  under  con* 
■idoration  have  been  as  fdlows 

At  Kew         the  sonsibility  has  varied  from  0^'-7  to  0'''8,  average  0"*76. 

At  Edinboigh  „         „  been  0"-71. 

At  Shide  «         „     „  0"'47. 

AtMdston  M        »    «*  0"*4Qpto  JwM80andsubssqiiSBtlyO"*8» 
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Isumiioh  M  the  insfcrameiits  vith  the  least  sennbility  ttight  Idl  in 

Moording  certain  very  amall  earthaaakes  which  might  disturb  an  instni- 
ment  with  a  higher  sensibility,  and  that  the  instniments  with  the  lower 
sensibility  would  not  move  so  long  or  be  displaced  so  far  whether  the 
motion  was  horizontal  or  angular,  as  would  be  the  case  with  instruments 
the  booms  of  which  were  more  easily  displaced,  it  appears  that  what  has 
been  recorded  finds  its  beet  explanation  in  the  assnmption  that  the  same 
is  due  to  differences  in  the  sensibilities  of  the  apparatus  employed. 

If  we  assume  that  the  ampUtodes  given  in  millimetres  are  quantities 
to  be  represented  in  angular  measure,  then  the  displacemmits  at  tlie  four 
stations  may  be  stated  as  follows  : — 

Kew,  32"1 ;  Edinbui^h,  28"*4 ;  Bhide,  27"'i ;  Bidston,  19' *0. 

One  inference  from  this  is  that  the  instaHfttfons  at  which  it  was  first 
snpposed  there  was  the  feeblest  seismic  sensibility  are  those  at  which  it 
is  most  marked. 

Observations  are  now  being  made  at  these  four  stations  with  the 
instruments  so  adjusted  that  a  4°  turn  of  the  ralihrating  screw  results  in 
a  deflection  at  the  outer  end  of  the  pendulum  of  11  mm.,  which  means 
that  they  have  eqeal  sensibilities  to  tilting  although  their  periods  may 
differ  (see  p.  60). 

XU.  An  AUempt  to  Jhted  and  Measure  any  R^ative  Movement  pf  ike 
SiftUa  that  may  natv  fif^  taking  place  at  the  Ridgeway  Faulty  near 
Ufwayt  Donetekire.   Third  Report  by  Horace  Babwih,  Auguet  1902. 

In  the  last  Report  a  hope  was  expressed  that  the  alterations  made  in 
the  apparatus  had  prevented  the  water  getting  into  the  oil  tcsmIs  ;  this 
has  not  been  the  case,  water  again  having  blocked  the  pipes  oonnecting 
them.  It  is  prol^able  that  wat«r  enters  in  the  form  of  vapour  and  con- 
denses, and  as  we  saw  no  way  of  preventing  this  we  decided  to  replace 
the  oil  by  a  saturated  solution  of  common  salt ;  an  overflow  was  arranged, 
and  it  is  hoped  that  there  will  be  no  more  trouble  from  this  cause.  It 
was  also  discovered  that  the  pipe  connecting  the  vessels  was  not  quite 
straight,  and  that  slight  undulations  in  it  preveikted  the  free  flow  of  the 
liquid  ;  this  is  being  rectified. 


Magnetic  Observations  at  Falmouth. — Report  of  the  Conimiiieef  con* 
msting  of  Sir  W.  H.  Preece  (Chairmnn),  Dr.  R.  T.  Glazebrook 
(Secretary),  Professor  W.  G.  Adams,  Captain  Creak,  Mr.  W.  L. 
Fox,  Professor  A.  Schuster,  and  Sir  A.  W.  KCcker,  appointed 
to  co-operate  witk  the  Commiiiee  of  tlie  Falmouth  Observaiory  in 
their  Maynetic  Observations, 

The  Committee  report  that  the  grant  voted  at  the  last  meeting  of  the 
Association  has  been  used  in  support  of  tlie  ordinary  magnetic  work  of 
the  Falmouth  Observatory,  and  that  records  of  the  horizontal  force  and 
declination  have  been  kept  durintj  ten  years.  The  curves  up  to  the  end 
of  1901  have  been  examined  at  Kew,  and  the  results  are  of  real  value. 
The  vertical  fonee  instrument  has  been  a  cause  of  some  difficulty  ;  the 
OTaminatifln  of  the  1901  corves  led  Dr.  Ghree  to  suspect  the  ezistenoe  ol 
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»  very  large  and  anomalous  temperature  coefficient.  Experiments  a.t 
Falmouth  confirmed  this  and  showed,  moreover,  the  curious  fact  that  the 
change  following  a  rise  of  temperature  reverseil  its  sign  as  the  heating 
continued.  Thr  instrument  was  dismounted  atul  sent  to  Kew  for  ex- 
amination iu  April  last.  Experiments  made  by  iieating  the  room 
oontaining  the  apparatus  confirmod  those  made  at  FalmonSi  as  to  the 
enormotts  size  of  the  apparent  tempemtttie  coefficieiit;  and  findiag  it 
impoflsible  to  alter  tins  appreciably,  it  was  arranged  to  increase  the  weight 
on  the  oompensatioQ  Ijar  and  make  some  other  changes. 

Even  when  the  instrument  was  returned  the  anomalous  ))ehavioar 
continued,  and  finally  it  was  shown  that  by  far  the  largest  part  of  the 
effect  was  due  in  some  way  to  the  method  in  wiiich  the  mirror  was 
attached  to  the  magnet.  A  change  of  temperature  had  the  effect  of 
binding  or  twisting  the  mirror,  and  most  of  the  etfect  was  due  to  this. 
This  diffioulty  was  remedied,  bat  the  magnet  has  only  Just  been  returned ; 
hence  it  is  impossible  as  yet  to  say  whether  it  U  completely  satisCaetory 
or  not  ;  but  there  is  every  reason  to  suppose  that  this  will  be  so. 

With  regard  to  the  special  work  of  co-operating  with  the  Antarctic 
Expedition,  w^hile  it  was  not  found  possible  to  arrange  for  special  quick 
views  of  the  Falmouth  instruments  on  thr»  term  day,  Mr.  Kitto  under- 
took to  t;ike  such  share  as  was  possible  with  the  existing  instruments,  and 
the  Secretary  sent  directions  to  him  as  to  how  this  might  be  done.  On 
this  point  Mr.  Kitto  reports  : —  • 

1.  Care  has  been  taken  to  prevent  as  far  as  possible  any  local  dis- 
turbance of  the  magnetic  instruments  during  'term  days.' 

2.  The  curves  for  the  term  days  have  been  run  without  iuterrupUoD, 
and  hourly  measurements  will  be  made  of  these. 

3.  The  temperature  has  been  maintained  as  constant  as  possible. 

4.  The  scale  values  have  been  determined  with  care. 

5.  Absolute  determinations  have  been  taken  (as  iAr  as  possible)  Oil 
the  second,  fourteenth,  sixteenth,  and  last  days  of  each  month. 

The  Oommittee  are  of  opinion  that  they  should  be  reappointed  and 
that  a  further  grant  should  be  made  to  them  for  the  continuance  of  the 
magnetic  work  at  Falmouth. 

The  reasons  for  this  are  twofold  : — (i.)  It  has  not  been  found  posnble 

as  yet  to  establish  the  new  magnetic  observatory  and  to  remove  tlie 
recording  instruments  from  Kew  ;  at  the  same  time  the  increase  in 
electrical  traction  to  the  south-west  of  London  has  causf-d  a  distinct 
increase  in  the  disturbances.  T)r.  Chree  reports  that  the  comparatively 
quiet  interludes  seem  fewer  and  the  mean  width  of  the  braces  larger  in 
all  the  elements ;  thus  the  diurnal  variation  results  for  horizontal  foroe 
and  declination  at  Falmouth  in  view  of  the  disturbances  near  London  are 
of  distinct  importance  until  the  new  station  has  been  established,  (ii.)  The 
special  period  of  magnetic  researcli  for  the  Antarctic  lasts  until  March 
1 903  at  least,  and  it  is  desirable  to  keep  up  the  Falmouth  records  during 
the  whole  of  this  period. 

In  conclusion,  therefore,  the  Coniiiiittoe  beg  leave  to  recommend  that 
they  be  reappointed,  with  a  grant  of  100^. 

'  — — —  --  —  —  — --~t 
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Ineestujaium  of  ike  Ufper  AhnoBphere  hy  Meam  of  Kiies  in  eo-opm- 
tian  teUh  a  OommtHeB  of  the  Boyal  MeteoTohgieal  Society, — Report 
of  the  Committee,  eantitiiny  of  Dr.  W.  N.  Shaw  (Chairman),  Mr. 
W.  H.  Dines  (Secretary),  Mr.  D.  .Vrchibald,  Mr.  0.  Verkon  Boys, 
Dr.  A.  BrcHAN,  and  Dr.  H.  B.  Mill. 

T. 

Tom  Gpmnuttee  rabmit  the  loUowing  notes,  drawn  up  by  the  Seen* 

On  the  invitation  of  the  Committee  appointed  by  the  Royal  Meteoto* 
logical  Society  it  wns  decided  to  hold  joint  committee  meetings,  and 
sach  meetings  were  held  on  October  25,  1901 ;  January  14,  April  H,  and 
May  7,  1902. 

The  sum  of  money  at  the  disposal  of  the  joint  committee,  viz.,  7.5/. 
granted  by  the  British  Assoeiadon  and  251.  by  the  Royal  Meteorological 
Sodety,  not  being  sufficient  to  meet  the  necessary  expenses,  it  was  decided 
to  apply  to  the  Meteorological  Council  and  to  the  Qovemment  Grant  Com* 
mittee  of  the  Royal  Society  for  further  assistance.  The  Meteorological 
Council  kindly  undertook  to  supply  th(»  nocessary  instruments  for  a  base 
station,  and  the  Government  Grant  Committee  have  made  a  grant  of  75/. 

Inasroneh  as  there  is  considerable  risk  of  damage  and  also  of  injury 
to  lils  dionld  a  long  wire  carrying  one  or  more  kites  break  loose  in  a 
Sickly  populated  district,  it  was  decided  to  make  observations  in  some 
thinly  inhabited  part,  ind,  if  possible,  over  the  sea,  so  as  to  reduce  this 
risk  to  a  minimum.  Furthfrmoiv,  as  we  have  no  infonnation  whatever  as  to 
the  vertical  temperature  gradient  over  the  great  oceans,  and  this  know- 
ledge is  of  supreme  importance  for  theoretical  meteorology,  it  seemed 
ds£able  to  work  on  the  west  ooast,  since  the  prevailing  westerly  winds 
most  make  observations  taken  there  equivalent,  as  a  rule,  to  those  taken 
over  the  open  sea.  It  was  also  thought  that  if  a  fair  number  of  observa- 
tions could  be  obtained  at  the  height  of  Ben  Nevis,  but  somewhere  on  the 
coast  in  the  neighbourhood  of  Ben  Nevis,  some  light  would  be  thrown 
open  the  question  as  to  iiow  far  the  temperatures  taken  on  a  mountain 
amnmit  differ  from  the  temperatures  of  Uie  free  air  in  the  snrrounding 
districts  at  the  same  level. 

With  these  objects  in  view  I  was  commissioned  to  obtain  the  necessaty 
apparatus  and  erect  it  at  some  convenient  spot  on  the  west  coast  of 
Scotland. 

The  apparatus  has  been  obtained  and  is  now  (June  17)  erected  on  a 
small  island  at  Crinan,  a  small  village  lying  at  the  north  end  of  the  Crinan 
Osjui],  about  thirty  mUes  sonth  of  Oban. 

The  apparatus  consists  of — 

I.  Winding-tn  apparatus  for  the  wire. 
TI.  Engine  and  boder  to  drive  the  same, 

IIT.  Set  of  kites. 

IV.  Twelve  miles  of  steel  milsio*wire« 
Y.  Instruments* 

t.  The  winding- in  apparatus  carries  two  reels  of  1 6  inches  diameter 
and  4  inches  broad,  to  hold  the  wire,  and  two  strain-pulleys  to  reduce 
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the  tension  of  the  wire  before  it  is  wound.  The  reels  run  loose  on 
the  same  shaft  that  carries  the  strain-pulleys^  but  there  is  an  arrange- 
ment by  wbioh  they  are  preited  automatically  against  the  etrain-polleyato 
ineMBse  ih«r  timing  moment  by  f  notion  against  the  oater  rim  ol  the 
pulley,  or  against  the  fixed  frame  of  the  apparatus  to  reduce  the  moment. 
By  this  means  an  adjustment  of  the  tension  is  obtained,  anrl  the  risk  o£ 
the  reel  being  crushed  by  the  tension  o£  the  many  turns  o£  the  win  is 
avoided. 

IT.  Steam-engine. — This  was  obtained  from  the  Reading  (U.S.)  Road 
Car  Company.  It  has  four  single-acting  cylinders  of  2^-inch  bore  and 
4-inch  stroke.  It  weighs  about  60  lb.  and  is  nominally  of  6  H.P.  The 
cost  was  25^. 

The  choice  lay  between  a  steam-engine  and  a  petrol  motor.  The 

steam-engine  was  chosen  for  the  following  reason.  It  is  not  desirable  ta 
draw  in  a  kite  wire,  when  the  wire  is  near  the  breaking-pointy  at  a  uniform 
speed,  because  the  speed  of  winding  in  is  equivalent  to  an  increase  of  the 
wind  velocity,  and  greatly  adds  to  the  strain.  Advantage  should  be  taken 
of  the  intervals  between  tlie  gusts  to  get  in  the  wire,  and  this  a  steam- 
engine  without  a  dead  point  does  automatically.  Winding  in  a  kite 
during  a  gale  on  June  14  the  engine  acted  perfectly,  running  last  when- 
ever tiie  tension  of  the  wire  slaokened,  and  slowing  down  or  even  stopping 
entirely  when  the  tension  was  increased  by  a  gust.  Of  course  the  precise 
tension  at  which  the  engine  stops  is  adjustable  within  wide  liinita  faj 
adjusting  the  steam  pressure  in  the  boiler. 

The  boiler  was  obtained  from  the  Britannia  Company,  Colchester,  at 
a  cost  of  25^.  It  is  tired  by  ordinary  lamp  oil  (paraffin),  of  which  it  uses 
about  a  gallon  an  hour. 

III.  Tlie  kites. — These  aro  described  in  bymons' '  Meteorological  jVIaga- 
sine'  for  April,  where  also  the  reasons  for  not  using  the  Blue  Hill  Idte 
are  stated. 

Of  these  there  are  five  resc^  for  use  and  the  materials  for  making  six 
or  eight  more.   There  are  also  two  kites  designed  by,  and  purchased  q( 

Mr.  F.  S.  Cody. 

Both  kinds,  so  far  as  my  present  experience  goes,  seem  entirely  satis- 
factory. Mr.  Cody's  kite  Hies  at  a  rather  bett^er  angle,  but  does  not  seem 
to  be  quite  as  steady  as  the  other.  Indeed,  the  angle  of  the  Cody  kite 
when  made  of  silk  and  light  bamboos     remarkably  good. 

lY.  3%e  wire, — ^This  is  of  the  usual  kind,  hut  I  have  hesn  supplied 
with  eight  miles  in  one  piece  by  Messrs.  Brunton  and  Son,  Mussel- 
burgh, N.B. 

V.  In  addition  to  the  well-known  Richard  instruments  which  have 
been  ordered,  it  seemed  desirable  to  obtain/if  possible,  something  cheaper, 
since  the  risk  of  losing  the  instruments  is  not  small.  I  am  experimenting 
with  a  cheaper  form.  I  also  ]i<jpe  to  obtain  correct  determinations  of  the 
maximum  height  and  the  temperature  at  that  height  in  the  following 
manner.  If  a  glass  tube  of  uniform  bore,  sealed  at  the  top,  but  with  the 
other  end  under  water  or  quicksilyer,  were  sent  up  with  a  kite^  it  would, 
assuming  constant  temperature,  give  the  maximum  height,  for  the  air  in 
the  tube,  under  the  decreased  pressure,  would  expand  and  bubble  out,  and 
on  the  descent  water  would  rise  in  the  tube,  and  the  h^ght  of  the  water 
or  quicksilver  would  give  the  minimum  pressure,  and  hence  the  maximum 
height.  This  is  assuming  constant  temperature.  But  if  an  exactly  similar 
tube  were  also  used  containing  saturated  vapour  of  alcohol,  two  equations 
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would  be  obt.iine*^!,  from  which  the  two  unknown  quantities,  tempera- 
ture, and  height  can  be  determined.  I  hope  to  perfect  this  method, 
nnee  tbttre  Are  many  eecMtoiiB  on  wldoli  a  kite  and  ft  couple  ot  glass 
tvbw  might  be  raked  when  one  would  hentete  to  send  up  iiutnimeiitB 

The  apparatus  above  deieribed  is  now  in  me  every  day  when  the 
wind  is  suit-able,  but  there  seem  to  be  very  many  days  daring  the  summer 
wh'  n  a  sutbciently  strong  wind  does  not  occur.  A  velocity  of  about 
fifteen  miles  per  hour  is  necessary,  force  4  on  the  Beaufort  .scal<>  ;  but  the 
upper  limit  at  which  the  kites  wUl  fly  has  not  yet  been  determiii^d. 


II. — Addendum^  AuguH  22. 

Up  to  August  20  fiixty-eij^t  flightt  have  been  obtained,  as  shown  in 
the  following  table  : — 


Data 


Time 


7  30  P.M. 


a 


Onmtart 
Hilglit 


Tnnpmir 
tare  On*- 1 

dient  per 
l,UUOfeet 


Wind  Dinetioo 


3,3)  M) 
3,3iX» 
2,1(10 

4,«0U 
1.860 

2.2*0 
4.6<HJ 
2,000 
4,'.«50 
2.:»<>0 
•1,0  R» 
!,«<«(• 
1,.S50 
1.300 
1,!».'50 
6,400 
4.3»W 

3,1  so 
3,600 

8.400 

MT't 

1,:J30 
1,7M» 
2,230 

4,*MM> 

4,7fi(» 
S,4fiO 
1^ 
4,SM> 

7,35<J 
6.<KiO 
1.325 
."i.SSO 
f<,9.>0 

t.400 
8,550 

H,  370 

■I. 01 10 

I,  .v.'u 
1,810 
3,800 


I 


•F. 

8*a 


5-7 


4-  5 
8-0 

0-  o 

1-  8 
3-3 

3-  9 
fS 

0^ 

I'f 

3  1 
28 

2-  0 
S'J 

5-  3 

ft 

4-  3 

2-7 

31 
4-2 


3-3 
2-5 
2-7 
31 
2-7 
S-8 


41 

1-7 
21 
8-5 


3-S 
ft-O 


Abore 


8. 

S.K. 

S.K. 
H.S.K, 
S.S.K. 

N.  by  E. 

N.  bv  E. 
X.N.W. 
W. 

siw. 


\V.  by  W. 
S.W.hy  W. 
8.\V. 
WAW. 

N.X.W. 
W* 

N.N.W. 

N.W. 
N.N.W, 
N.X.W. 

N.W. 


I  E.N.B. 

S.W.hvW, 

.«>.\v. 

I  • 
I  W. 


w.s.w. 
w.s.w. 
i.W.hvW 


&BJL 


Below 


Lpugtbof  No.  of  I 
WlMMidiKltM, 


Feet 
5.(N»0 
6,IMI0 
4,515 

5,000 

7,»00 
8,000 
4.*MN) 
3,560 
7^ 

9,iHX) 
4.0U0 
7,1000 

i,800 


10,300 

6,000 
8.200 


3.226 
7,0UU 
lU.600 
4,900 

2.t>20 

:>,  iw 

I'l.l'KO 
1  2,<  M  H  » 
H,IOtl 

h.'.'uo 
H.413 
17,300 


16,(MHI 

l3,r..M) 
7,530 


0,900 


1 

1 

o 

1 
1 

1 
1 
1 

1» 
1» 

l' 

2» 

1 
1 

1 
1 

!• 

1 

2» 

!• 

«• 

l» 

!• 

«• 

1 

1 

2* 

1 
1 
1 

s 
f 

I 

l» 

2* 

•> 

!• 
!• 
!• 
2« 

]« 

1 

1 

2* 

2* 

1» 

1 

I 

!• 
i 
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I)«t« 


Time 


Gmtaifc 


Wiud  DIzMtloii 
t«i»  Om-'    

tlletit  per  I 
l.yuu  (eet ;  AboTe 


'  length  of  Xo.  of 
Wire  tXM-il  KitM. 


la  tbe  MMt  narknl  •  rcconU  from  Biclianl  Frtrw*  i 
t«npmtnr»  at  tlw  hifbrst  point  ooljr. 


vera  oMalacd,  la  tlw  otfam  tht 


For  the  period  extending  from  July  8  to  August  22  a  steam-tug  was 
obtained,  and  the  apparatus  mounted  on  the  deck.  This  arrangement  was 
found  to  give  mnon  more  eflbotiTe  control  over  tho  experiments,  and 
rendered  possible  observations  in  light  winds  that  would  not  have  lifted 
the  kites  on  land.  The  observations  will  be  discussed  and  the  results  pre> 
pared  for  publication  in  the  oonne  of  the  ensuing  year. 

III. 

The  Committee  consider  that  the  work  which  has  been  completed  is 
amply  suflficiont  to  show  that  the  apparatus  and  methods  are  elTective  for 
securing  valuable  information  as  to  the  upper  air  in  various  conditions  of 
weather.  There  are  some  points  in  which  it  seeras  desirable  to  attempt 
to  improve  the  recording  apparatus  in  order  that  the  readings  may  be 
more  definitely  checked,  and  the  Committee  think  it  desirable  for  the 
experiments  to  be  continued  for  another  year,  during  which  it  may  be 
possible  to  so  arrange  the  flights  as  to  obtain  precise  information  regarding 
the  distribution  of  temperature  and  humidity  in  specific  coiKlitions  of 
weather  in  order  to  examine  the  physical  processes  taking  place  in  the 
upper  air  corresponding  to  weather  changes  noted  at  the  surface. 

The  kites  and  apparatus  for  winding  in,  with  sudi  modifications  as 
experience  has  suggested,  but  with  little  additional  cost,  will  lie  available^ 
but  it  is  of  great  importance  tf)  bo  able  to  employ  a  tug,  in  order  that  the 
investigation  of  the  upper  air  may  not  be  entirely  dependent  upon  windy 
weather. 

The  Committee  therefore  ask  for  reappointment,  with  the  addition  of 
the  names  of  Pr.  Olasebrook  and  IVofessor  Schu&ter,  and  a  grant  of  100^. 
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§  5.  TbI  TiTLB  op  TBI  RgPOBT. 

Tas  first  iiutalme&t  of  this  report  is  printed  in  the  '  British  Associa- 
tion Report'  for  1900  under  the  title  'A  Report  on  the  Freseot  State  of 
the  Theofy  of  Point-groups/   In  view,  however,  of  the  space  it  has  been 

found  necessary  to  assign  to  the  historical  development  of  the  subject, 
this  title  has  been  changed  by  the  omission  of  the  words  limiting  its  scope 
to  contemporary  times.  The  sections  of  which  the  present  instalment 
consists  are  numbered  consecutively  with  Part  I.  After  a  short  general 
introduction  (§  6)  and  a  section  on  the  Theoir  of  Elimuuitton  (§7)  the 
first  period  of  the  historical  outline  given  in  §  2  is  expanded  in  §  8. 


§  6.  QlNBBAL  HlSTOBlOAL  IhTROOOCTIOM. 

In  the  middle  of  the  seventeenth  century  two  men's  names  stand  out 

prominently  in  the  history  of  pure  mathematics.  Descartes  (1596-1650) 
and  Fermat  (1601-1665),  both  Frenchmen,  wore  born  within  five  years  of 
♦'ach  other,  and  although  the  exclusive  epithet  of  Cartesian  has  been 
bestowed  by  posterity  upon  the  technical  device  which  each  independently 
Invented  for  the  tieatoient  of  geometrical  problems,  if  is  doubtful  whether 
FsnnaA^s  Ideas  were  not  of  wider  significance,^  and  in  the  Investigations 
which  bear  most  on  our  purpose  he  certainly  showed  the  greater  insight, 
notwithstanding  certain  unfortunate  deviations  from  fact  in  his  criticism 
of  his  rival.' 

The  paper  containing  Fermat's  exposition  of  the  method  of  coordinates ' 
begins  by  a  detailed  investigation  of  the  equations  of  a  straight  line  and 
each  of  the  oonio  sections  In  turn,  but  carries  this  idea  no  nurther.  In 
Uspreiatoty  words,  however,  we  note  his  realisation  of  the  possibility  of 
a  more  general  application  of  the  method  :  *  Toutes  les  fois  que  dans  une 
Equation  finale  on  trouve  deux  quantites  inconnues,  on  a  un  lieU| 
l  extn^mit^  de  Tune  d'ello.s  (lecrivnnt  une  ligne  droite  ou  courbe.  .  .  . 
Toutes  les  fois  que  Textremite  de  la  <|uantite  inconnue  qui  decrit  le  lieu 
salt  une  ligne  droite  ou  cireolaire,  le  lieu  est  dit  plan  \  si  elle  d^rit  une 
paiaboleb  une  hyperbole  ou  une  ellipse,  le  lieu  est  dit  Bolide  ;  pour  d'autret 
conrbes  on  l'a{qpielle  lieu  de  ligihe.  Nous  n'ajouterons  rien  sur  ce  dernier 
easi  car  la  connaissanoe  des  lieux  cts  ligm  se  d^uit  trte  facilement»  au 

I  Cf.  Cantor,  Genekh  hte  der  JfatkemaHk,  voL  IL  p,  718*  Ml  leaned  and 
witha!  interesting  history  supplies  much  informiUion  ocncemlng  works  pabiiriiad 
btfore  the  year  1758,  with  which  it  closes. 

•  Fermal,  OWrvt  (edit  Tannery  and  Heavy,  Paris,  1891),  toL  i.  p.  121,  editor^ 
note.    Cf.  also  Cantor,  vol.  ii.  p.  744. 

*  '  Introduction  aax  lieox  plans  et  solides,'  loc.  e't^  vol,  U  pp.  81-110  (Latia 
original) ;  voL  lii.  pp.  86-101  (Freaoh  tons.). 
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mo^n  de  reduction,  de  T^tude  des  lieux  plant  et  solides*  The  terms 
phme,  solidf  and  linear  loci  were  in  general  use  at  that  time,  with  the 
meanings  he  attaches  to  them  ;  the  notion  of  including  them  all  under 
one  law  of  formation  marks  his  step  towards  the  true  analytical  .stand- 
point ;  but  the  end  of  the  paragraph  iihows  the  limitation  to  which  his 
mind  was  still  subject  In  fMst»  the  main  interest  of  the  new  meitfaod  to 
Ferm«t  and  Descartes  lay  in  its  application  to  the  sdlatioQ  of  algcibnieil 
equations  by  means  of  the  intersections  of  geometrical  curves ;  th^  did 
not,  apparently,  discern  that  the  opposite  course  would  prove  the  more 
fruitful,  that  with  a  wider  knowledge  of  the  theory  of  algebraical 
equations  future  generations  would  obtain  a  grasp  of  the  geometry  of 
curves  far  exceeding  that  of  the  ancients. 

The  slow  emergence  of  the  modern  standpoint  is  shown  by  the  lapse 
of  time— nearly  seventy  years — between  the  publication  of  Descartes' 
'Geometry  '  (1637j  and  of  Newton's  (1613-1727)  * Ennmeratio linearam 
tertii  ordinis '  (1704).  Here  we  find  stated  for  the  first  time  the  defini- 
tion, now  usually  adopted,  of  the  order  of  a  curve,  Tii.,  the  number  of 
points  in  which  it  can  be  cut  by  a  straight  line.  Descartes  had  adopted 
an  unfortunate  classification,'  not  according  to  degree,  but  according  to 
•genus'  :  in  his  parlance  curves  of  the  2nth  and  of  the  (27i-l)th  degrees 
belong  to  the  nth  genus.  This  had  possibly  arisen  from  his  investigations 
into  a  celebrated  problem  of  Pappus,*  or,  as  Fennat  seems  to  think,-*  from 
an  erroneous  conclusion  respecting  the  reduction  of  an  equation  of  degree 
2n  by  one  degree.  In  any  case  it  became  a  sonrcto  of  error^  and  was 
tacitly  abandoned. 

Next  in  importance  to  the  order  of  a  curve  is  the  number  of  tisiM 
involved  in  its  equation.  The  statement  that  the  equation  of  a  curve  of 
the  tith  order  contains  \n  (n  +  3)  coefficients  was  first  made  by  James 
Stirling  (1692-1770)  in  his  'Linece  tertii  ordinis  Newtoniante,'  which  was 
published  thirteen  years  after  the  Enumeratio  (i.e.,  in  1717),  and  is  practi- 
cally an  exposition  of  and  a  sequel  to  Newton's  book.  Moreover,  in  the 
same  work  ^  Stirling  drew  attentUn  to  the  fset  that  a  curve  can  only  pass 
through  (n  +  3)  points,  and  that  it  is  determined  by  this  number  eC 
points,  and  thus  paved  the  way  for  the  enunciation,  three  years  later 
(1720),  of  the  so-called  Cramer  Paradox  by  his  contemporary  Maclauiin  * 
(1698-1746).  This  young  Scotchman  was  barely  twenty-one  when  his 
*Geometrica  organica,  sive  descriptio  linearum  curvarum  universalis*  was 
published.  Short  as  it  is,  140  quarto  pages  in  all,  this  treatise  at  onc« 
placed  its  author  in  the  front  rank  of  geometers,  and  is  justly  held  to  be 
the  foundation  of  the  modern  synthetic  geometry  of  higher  plane  curves/ 
in  SO  far  as  this  depends  upon  theorems  dealing  with  their  interMctioniL 

<  DescarteB,  OHurres,  edit.  Cooalo  (Ftois,  182i)rVol.  v.pi  888,  Of  O§0ineUrim,  edit. 

Schooten  (Amsterdam,  1659),  p.  21* 

*  Cantor,  vol.  ii.  p.  742. 

*  Ymaax,  voL  i.  p.  1 19  (Lstln  origimd);  vol.  HI.  p.  1 10  (Uteoh  teaas.). 

*  Cantor,  vol.  ii.  p.  44.  »  P.  69. 

*  For  a  brief  account  of  the  historical  oblivion  into  which  the  true  origiDator  of 
the  paradox  had  fallen,  ef.  0.  A.  Scott,  Bull.  Am.  Math.  Soc.,  vol.  iv.  (1898),  p.  261. 

'  Brill  and  Nosther,  *  Die  Entwicklung  der  Theorie  der  algebraiachen  FunoCioBea 
in  alterer  und  neuerer  Zeit,'  Jahrether.  d.  d^itfchfn  Math.  Ver.,  vol.  iii.  (1804),  p.  129. 
This  valuable  report  is  full  of  suggestive  criticisiD,  moat  helpful  to  any  student  of 
the  papen  iriiloh  it  passes  in  rsvtoir,  bat  its  oondse  langosge  snakes  it  rather 
dUfiouU  leading. 
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§  7.  The  TmosT  or  Bumination,  fbom  Lbibhiti  to  Orambb, 

1693-1760. 

We  mint  go  btok  fif^  jmn  before  tlie  birth  of  analytical  geometrj 
to  find  the  first  appearaaoe  of  a  problem  which  is  fundkniflnlid  to  the 
theory  of  elimination  in  one  of  its  aspects,  the  problem,  namely,  of 
obtedning  the  greatest  common  measure  of  two  algebraical  expressions. 
In  1585  a  Belgian  mathematician,  Simon  Stevin  (1548-1620),  published  an 
algebra  in  whieh  the  first  suooessful  attempt  at  a  aolution  was  made.  He 
divided  one  erprsmion  by  the  other,  and  this  again  bv  the  ramainder,  until 
no  lemainder  is  left ;  tiie  last  divisor  is  then  the  greatest  common 
roeasnre  ;  the  fractions  are  left  as  they  appear  in  the  course  of  the  work. 
Vieta  (1540-1603),  the  greatest  algebraist  of  the  sixteenth  century,  wrote 
a  treatise  on  algebraical  e<|uation8  in  1591  (published,  after  hia  death,  in 
1615),  but  did  not  investigate  this  question.  In  fact  it  dues  not  seem 
to  be  meiilioiied  again  in  print  for  more  tlian  a  century,  when  Rolle 
(1652-1719)  gave  it  a  place  in  his  '  Traits  d'Algibte,' published  in  1690. 
By  this  time  abbreviations  of  the  work  by  means  of  multiplication  and 
division  were  probably  in  use,  since  we  find  them  freely  employed  by 
Reyneau  (1656-1728)  in  his  '  Analyse  ddmontr^e  '  of  1708. 

In  the  meanwhile  Fermat  was  attacking  the  problem  of  rationalising 
an  equation  wbieh  Yieto  had  left  in  a  very  uisatialiMstofy  ooiidltion«  and 
the  metiiod  he  adopted,  although  stated  as  a  series  of  proportion  sums  in 
the  manner  of  his  time^  amounts  precisely  to  the  elimination  of  an 
unknown  from  two  equations  by  using  the  condition  that  their  left-hand 
sides  should  have  a  greatest  common  measure.  The  example  he  g^ves  ^ 
consists  of  a  cubic  and  a  quadratic  equation,  each  containing  one  variable 
which  is  to  be  eliminated.  Calling  these  equations  PssO,  Q=0,  respec- 
ttfely,  we  may  write  P=?o  Q+R|,  and  Bi  is  then  the  first  remainder 
alter  dividing  P  by  Q.  Fermat's  process,  however,  reverses  the  usual 
arrangement  of  terms  in  P  and  Q,  writing  them  in  ascending  not  in 
descending  order,  for  he  arranges  hia  proportions  so  that  the  antecedents 
contain  the  variable  while  the  consequents  are  free  from  it ;  thus : 

OqP^+Oi«^+Os<b  :  asw^QOs'+^ifc : 
is  derived  from  PsaoiB*+ai<B'+a£«+Os«:0 

Q=6o»H6ia:+63»0 

where  in  his  notation 

O^tt^  O|a=0,  02=0,  rt3=«»— 

and  thus  his  expressbn  for  Ri,  after  dividing  out  by  the  footor  x,  difihrs 
from  the  usual  one  by  the  interchange  of  a«  and  03,  Oi  and  af,  and 

6:,  and  of  -  for  x,  being  in  modem  notation 


Os  6t  0 

+ 

a,  &t  0  \  » 

Oi  60  bi 

OoO  bil 

*  Fermat,  (Euvre$  {tiSlk,  Hsnnery  and  Henry,  Paris,  1891)  *NooTeau  traitcment 
en  analjtiquc  des  inconnacs  ^econdes  et  d'ordre  BVgMwtt  VOl.  Upp,  181^88  (IiStUi 
original) ;  vol.  iii  pp.  167*-163  (French  trans.). 
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This  fact  is  of  no  importance  tlieoretically,  and  would  be  of  bat  alight 
importance  in  practice,  if  tlie  coetiicients  employed  were  the  most  general 
poaaible.  Bat  whm,  as  in  Eermafs  example,  the  ooeffieienta  of  the 
mghest  powers  odIt  are  unitj,  the  interohaiijge  materially  complicates 
the  algebra  iirrolyed  in  the  next  stage  of  division,  or  in  substitutiiig,  as 
he  directs,  the  expression  for  x  obtained  from  Ri=0  in  the  quadratic 
equation  ;  and,  presumably  for  this  reason,  Fermat  left  it  to  the  industry 
of  his  readers.  Moreover,  when  the  substitution  has  been  effected,  a 
further  complication  arises  from  Fermat *s  method  :  the  irrelevant  factor  * 
'which  is  a  necessary  consequence  of  this  process  is  now  bl  instead  of  l>i, 
i.e.,  (n^—aby  instead  of  unity ;  the  remaining  factor  (the  resultant)  is 
unchanged,  being  symmetrical  with  respect  to  this  interehange  of 
ooeffieientB. 

As  regards  the  general  application  of  his  method  to  a  system  of  fi 
equations  among  n  —  1  unknowns,  Fennat  remarks  :  *  U  est  elair  que  ia 

methode  est  g^nerale.  Si  en  effet  on  proposait  plus  de  deux  inconnues, 
]a  methode,  rditert.%  autant  qu'il  le  faudra,  exprimera  par  example  la 
troisi^me  en  fonction  de  la  premiere  et  de  la  seconde,  puis  la  seconde  en 
fonction  de  la  premi6re,  toujours  par  le  mSme  moyen.'  But  we  may  be 
permitted  to  doubt  whether  the  courage  of  most  calculators  would  not 
fail  in  undertaking  such  an  eliminatioa  without  the  assutanoe  of  a 
properly  devised  notation,  of  which,  at  this  date,'  no  trace  is  found. 

The  emancipation  of  mathematics  from  the  preliminary  stage,  in  which 
attention  is  mainly  directed  to  the  solution  of  particular  problems,  was 
being  effected  during  Format's  lifetime — Kepler  and  Galileo  were  his 
seniors  by  thirty  and  thirty-seven  years  respectively,  Descartes  and 
Pascal  were  his  contemporaries—  but  the  chief  impulse  in  this  direction 
was  given  after  his  death  by  Leibnitz  (iG46-171G)  and  by  iJ^ewtoo. 
Leihmts  espeeially  saw  the  cudinal  importance  of  notation.  The  donUe 
suffix  notation  which  he  inyented  (meWooAer  Siettemeiger)  waa  not 
mentioned  in  print  until  1700,  hut  had  Men  used  by  him  as  earl/  as 
1G78,  as  is  shown  by  a  Latin  manuscript  note  found  among  his  pi^ien 
after  his  death. ^  The  rule  here  set  down  for  removing  the  unknowns 
from  any  system  of  linear  equations  such  as, 

10  +  llx-f  12//=0 
20  +  21a:  +  22y=0 
30+31a;+33y»0 

where  there  is  one  more  equation  than  there  are  unknowns,  eonsiato  in 
observing  the  law  of  combination  of  the  double  indicators.   A  new 

method  for  the  elimination  of  the  unknowns  from  two  equations  of  degree 
higher  than  the  first  is  then  derived  from  this  rule  :  *  By  means  of  this 
rule  another  rule  can  be  found  for  removing  the  unknown  quantity 
common  to  two  equations  of  any  degree  whatever.  Multiply  each  by  an 
assumed  expression  of  one  decree  lower,  and  when  these  products  have 
been  added  together,  so  as  to  form  a  single  equation,  let  every  term  of  it 
be  equated  to  zero ;  we  thus  obtain  as  many  equations  as  there  were 
coefficients  in  the  assumed  expression  and  one  more  equation.  Henoe 

'  An  ingenious  formula  for  obtainino:  this  factor,  in  the  most  general  case,  is 
given  by  Fail  de  Bruno,  Thione  generals  de  l'eiimimtu?fi  (Paris,  1869),  pp.  47-62. 

*  The  date  of  this  msnoiciipt  Is  held  to  be  1688,  althongh  it  was  not  printed 
uatil  1679,  in  the  Viiria  Opeta^  cf.  Cantor,  vol.  ii,  p,  734. 

•  Gerbardr,  pieface  to  vol.  vit  of  l^ibniWa  Warkt  CBerUo,  HsUe,  1849-68),  5. 
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the  loniiflr  nile  ean  be  ApoUflcL  If  the  two  equations  from  whtoh  the 
eommon  quantities  are  to  he  removed  ate  not  of  the  leme  degree,  the 

coefficiente  of  the  higher  orders  in  the  equation  of  lower  order  are  to 
be  taken  as  zero.'  In  a  letter  to  rHdpital  dated  April  28,  1693,^ 
Leibnitz  refers  to  this  subject,  and  expresses  a  desire  for  tables  by  which 
the  results  of  elimination  between  equations  of  higher  order  may  be 
tyttenmtiflallj  dednoed  fnm  those  of  lower  order.  xUs  is  the  letter  in 
whieli  he  for  the  first  time  explained  end  vindieated  tiie  new  notetaoo, 
and  it  has  led  most  writers  ^  to  attribute  to  him  the  origin  of  the  theory 
of  determinants.  Howpver  this  may  be,  the  Theory  of  Elimination  cer- 
tainly owes  its  origin  to  him,  for  he  was  the  tirst  to  regard  it  as  a  matter 
for  Beparate  investigation  and  to  desire  its  reduction  to  general  laws. 

It  would  be  interesting,  were  evidence  on  the  subject  forthcoming,  to 
think  that  Leibnits's  new  method  of  elimination  had  been  oommvntoated 
bj  him  to  lus  friend  l^Mhirnhans  (1651-1708),  with  whom  he  was  in 
oonsUmt  oommunication  on  these  subjeets,  and  that  it  is  the  method 
alluded  to  by  the  latter  in  his  memoir  in  the  *  Acta  Eruditorum  '  of  1683, 
where  he  speaks  of  well-known  rules  for  obtaining  a  third  equation,  in 
which  the  unknown  is  absent,  from  two  given  ones  containing  it  But, 
on  the  wholes  it  is  mote  probable  that  a  method  of  oomblnation  and  sub" 
slitotion,  which  amounts  to  using  the  condition  for  the  existence  of  a 
greatest  common  measure  was  in  his  mind.^ 

Tables  of  the  nature  desired  by  Leibnitz  were  published  by  Newton 
in  his  '  Arithmetica  Universalis  '  (1707)  :  *  he  gives  the  actual  results  of 
the  '  extermination '  of  a  variable  from  certain  typical  equations,  viz., 
from  two  quadratics,  from  a  cubic  and  a  quadratic,  from  a  quartic  and  a 
tgmdtBiaio,  and  from  two  cnlncs,  bnt  with  no  definite  aeoomit  of  the  steps 
M  his  calculation.  His  method,  however,  appears  to  be  that  of  substitu- 
tion and  combination,  and  is  thus  essentially  different  from  that  of  Leibnitz. 
The  arrangement  of  the  terms  in  the  successive  results  shows  an  attempt 
at  a  systematic  derivation  of  each  from  the  last,  but  the  law  is  by  no  means 
clear.  It  is  noteworthy  that  in  each  case  the  result  obtained  is  given  in 
its  simplest  fbrm,  the  eztrsneons  Isetor,  which  is  not  nnily  in  hut 
notation,  has  been  removed. 

Newton  gave  no  rules  applicable  to  equations  of  order  higher  than  the 
fourth,  and  only  considered  equations  involvincj  one  unknown.  Thf^  more 
general  cases  of  higher  equations  and  two  unknowns  were  attacked  for  the 
hrst  time  ^  (unsuccessfully,  however)  by  Maclaurin  in  the  '  Geometrica 
Organica.'  Neglecting  for  the  moment- the  geometrical  Myplication  for 
winefa  he  xeqnirad  his  rssolt^  tiie  interest  of  Section  T.  oi  this  treatise 

•  Leibnitz,  Workx,  edit.  Gerhardt,  vol.  ii.  p.  239. 

*  6y.  Gerbardt,  Geichichte  dcr  Matht-matik  in  De%U$ohlnnd ,  1877,  vol.  xvii,  p.  184, 
and  prelaoe  to  vol.  vii.  of  Leibnitz's  Workt,  p.  8.  A1k>  Brill  and  Noeiher,  loo.  oi^., 
p.  IM,  and  Salmon,  Higher  Algebra,  Note  on  History  of  Determinant*.  It  bss, 
fr  v.  i  vor.  been  pointed  out  by  Sttldnicka  (.4.  L.  Cauchy  aJs  fornuUer  BcgrUnder  der 
J/eterminatUen- Theories  Ptag.  1876)  that  Cauchy  was  the  first  to  develop  a  theorif 
ti  dstermfaiaiits ;  and  it  tMiiu  seieotido  to  distinguish  thus  between  the  invention 
of  a  new  mathematical  machine — the  suffix  notation,  which  provideB  a  law  of 
formation  for  the  new  coefficients — and  the  separate  disoosaion  of  its  properties. 

»  Cantor,  vol.  iii.  p.  109. 
«  Ist  edit.,  p.  74. 

^  Fermat  realiaed  that  cnrves  of  the  mth  and  nth  orders  lead,  by  their  intersec- 
tions, to  the  solution  of  an  equation  of  degree  vin  Fermat,  <Euvre$,  vol.  iii.  p.  119. 
wtL  L  p.  ISO,  sad  Cantor,  toL  ii.  p.  746),  bat  be  gSTs  no  attempt  at  a  proof. 
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centres  on  the  attempt  to  eliminate  (me  unknown  between  two  0(|lia- 

tions  in  two  unknowns  and  to  determine  the  dimension  of  the  remaining 
unknown  in  the  result.  In  the  Lemma  with  which  this  section  opens 
one  equation  only  is  assumed  to  be  of  an  arbitrary  number  of  dimensions, 
fi,  in  «  and  y,  wiiilo  the  aeoond  is  a  quadratio  and  a  cnbio  eqiiation 
respectively.  Maebttrin  fafaslHatw  lor  all  powen  at  tiw  Tanabtoy 
eqval  to  and  greater  than  2  and  3  respectively  in  the  equation  of 
degree  v,  and  thus  obtains  equations  in  y  lower  by  one  degree  than 
the  lowest  of  the  original  pair  of  equations.  In  the  simpler  case  (that 
of  the  quadratic  and  the  equation  of  degree  7t)  this  gives  a  value 
for  y,  which  simply  requires  sulMtitution  in  the  quadratic  in  order  to 
lead  to  the  required  equation  in  x—ni  degree  2fi--and  doea  not  intro- 
duoe  any  eactranooaa  laetor.  But  when  the  original  syatem  oonaiatB 
of  a  cubic  and  an  equation  of  degree  Uy  leading  to  a  system  of  a  cubic  and 
a  quadratic  in  y  whose  coefficients  are  functions  of  r,  the  process  of 
eliminating  y — whether  by  direct  G.C.M.  method  or  by  Maclaurin's 
shortened  process  of  combining  the  equations,  iirst  removing  the  highest 
tenn  and  then  tbe  loweat  tenn — nooewarily  introducea  an  eaEtnuMooa 
factor  wbieh  inirolTeB  «.  To  find  this  lector,  oven  with  an  un^yatematio 
notation,  is  easy  enough  in  this  simple  <»8e,  and  Maolaurin  shows,  quite  cor- 
rnctl  y,  that  the  irreducible  resultant  is  then  of  degree  3n  ;  but  he  saw  clearly 
that  all  his  knowledge  of  Newton's  'method  of  divisors  '  would  not  avail 
him  in  the  completely  general  case  of  equations  of  degrees  m  and  n.  He 
therefore  relegates  this  question  to  Corollary  I.,  which,  freely  translated, 
rona  :  '  Hence  the  inftereectiona  of  linee  of  order  m  and  n  are  seen  to  be 
mn  in  nnoiber.  We  have,  it  ia  true,  hitherto  searched  in  vain  for  a 
universal  proof  of  this  fact  by  reason  of  the  difficulty  of  finding  divisors 
in  harder  equations.'  That  he  did  not  employ  a  better  notation  is  all 
the  more  remarkable  when  we  consider  that  in  a  chapter  of  his  'Algebra* 
(planned  about  the  year  1729,'  but  published,  after  his  death,  in  1748) 
ho  *ozteniiinatea '  tiie  nnknowna  Inim  systems  of  two  and  three  linear 
equations,  and  gives  a  role  for  fbur  equations  which  shows  his  dear 
appreciation  of  the  symmetry  of  the  result :  '  If  4  equations  are  given, 
involvinf;  4  unknown  Quantities,  their  Values  may  be  found  much  after 
the  same  Manner  by  taking  all  the  Products  that  can  be  made  of  4 
opposite  Coefficients  (i.e.,  belonging  to  different  equations  and  to  different 
variables)  and  always  prefixing  contrary  signs  to  those  that  involve 
the  Product  of  two  opposite  Ooofficiente.'  This  is  exactly  the  idea 
involved  in  the  modern  solution  by  means  of  determinants.  And  con- 
sidering that  Leibnitz  had  insisted  on  the  value  of  his  double  suttix 
notation  in  the  paper  in  the  '  Acta  Eruditorum  '  for  1 700,''  written  in 
reply  to  a  tract  published  in  Ix)ndon,  Maclaurin  almost  seems  to  have 
gone  purposely  out  of  hiR  way  to  avoid  its  use,*^  and,  iu  so  doing,  perhaps 
hist  a  chance  of  overooming  someof  theobstacles  to  his  method  of  elimina- 
tion. Even  the  best  possible  notation,  howe^  ( r,  would  have  heea  com< 
pOKatively  valueless  without  the  realisation  of  the  intimate  theoretical 
conn^tion  between  the  process  of  finding  the  G.C.M.  and  the  problem  of 
elimination,  and  for  this  the  time  was  not  ripe.  The  method,  or  its 
equivalent,  was  used  in  practice,  but  was  not  explicitly  explained.  In 

'  Cantor,  vol.  iii.  p.  568. 

>  Leibnits,  Works,  vol.  v.  pp.  340-349. 

•  Oaator,  vol  iii.  pi  670. 
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fact  the  only  oontemporary  statenieDt  in  print  on  this  subject  is 
to  be  found  in  a  small  book  on  analytical  geometry  by  de  Gua  de 
Halves,'  published  in  1740.  He  remarks that  to  find  the  necessary 
condition  in  order  that  certain  three  equations  may  hold  simultaneously  : 
'on  pourra  se  servir  des  formules  que  M.  Newton  a  donnt^s  dans  son 
'*  Arithmetique  Universelle,"  ou,  ce  qui  revient  an  mime,  onpooira  enoon 
diviier  ke  deux  premi^ret  ^oatioiui . . .  par  lenr  rette,  puis  leg  premiera 
tmtm  par  lea  aeoonds,  et  auwi  de  rettes  en  restes  jusqu'it  oe  ipi'on  soit 
parvenu  k  en  trouver  qui  ne  contiennent  plus  I'indtHf  rmin«^e  x,  ces  derniert 
reatei»  ^tant  faits  egaux  k  t/AtOf  donneront  leg  ^uations  des  oonditions.' 

The  process  of  combining  two  equations  by  tirst  removing  the  highest 
temig,  tnen  the  loweet^  which  Maolaurin  nged  in  his  examples,  was  sys- 
tematically described  for  the  first  time  by  Enler  (1707-1783)  in  1748.  Its  ex- 
planation occupies  the  first  half  of  the  chapter  <  De  intorsectione  curvarum ' 
m  his  *  Introductio  in  analysin  infiiiitorum.' '  It  also  occurs  in  a  memoir 
presented  to  the  Academy  of  Sciences  in  Berlin,*  where  it  is  preceded 
by  the  pertinent  remark  :  '  Dans  la  plupart  des  cas  si  Ton  so  sert  dea 
m^thodes  ordinaires  d'^iminer,  on  parviendim  4  une  ^nation  de  plus  de 
diBMBMioDS  quo  fim.'  It  is  then  followed  bj  »  discussion  of  a  case 
in  whioh  the  number  of  intersections  must  fall  short  of  mn :  when  the 
equation  of  a  curve  of  order  wi,  namely,  is  of  the  form  Py^  4-  Q?/*^  + 
By  f  S  =  O,  P,  Q,  R,  and  S  being  of  dimensions  m  —  m  —  2,  tn  —  1, 
and  m  respectively  in  r,  since  then  '  les  (Equations  choisies  n  expriment 
pas  g^n^ralement  les  courbes  des  ordres  m  et  n,  mais  seolement  des 
mfkem  de  ces  ordres.'  This  is  the  fimt  appearance  of  a  dass  of  equa- 
tions which  were  very  fully  discussed  later  oy  B^out 

Two  new  methods  of  elimination  were  put  forward  l)y  Eulcr  in  thoR(» 
publications  ;  but  neither  is  rigorously  demonstrated,  and  the  unsystematic 
notation  once  more  proves  an  obstacle  to  progress.  That  of  the  *  Intro- 
dactio'  is  the  baiue  as  had  occurred  to  Leibnitz,  but  of  which  he  had 
wiitton  nothing  for  publication.  It  consists*  in  multiply lu^  each  equa- 
tion by  a  funotioQ  of  y  whose  coefficients  are  undetermined  quantities, 
and  then  equating  to  zero  the  coefficients  of  the  diflferent  powers  of  y  in 
the  equation  formed  by  subtracting  these  equations  from  each  other. 
From  this  set  of  linear  equations  the  undetermined  coefficients  are 
eliminated  and  the  resultant  obtained.  The  general  rule,  however,  given 
for  the  elimination  of  Uie  undetermined  coefficients  is  rm  laborious  and 
for  inforior  to  that  which  Leibnits  had  discovered.  This  method  has 
taken  its  place  in  modern  text-lxx)ks  as  '  Euler's  method,'  or,  sometimeSy 
as  •  Euler's  second  method  '  :  it  is  really  founded  on  the  necessary 
existence  of  at  least  one  common  root  of  the  two  equations  if  they  are 
to  hold  simultaneously,  and  £uler  himself  explains  this  in  a  memoir^ 

'  Umget  de  VanaUfte  de  Demart^  pour  decautfrir  mm  le  neoourt  du  Calcul 
Diffhrentiel  len  PropriHh  ou  Affect ionx  prijusipaUt  dei  Ligne*  (OonUtri^uei  de  tone 

Ordres.    Cf.  Brill  and  Noether,  loc,  cit.,  p.  134. 
«  P.  60. 

■  See  Cantor,  vol.  iii.  p.  676,  for  an  account  of  this  work. 

*  '  Demonstration  sur  le  nombre  des  points  oil  deoz  lignes  des  ordres  quel' 
eenqoes  peofSBt  m  cooper,'  ileai.  JforHs,  simAe  1748,  pfx  384-248. 

*  See  Cantor,  vol.  iii.  p.  677.  for  detailed  description. 

*  MMgk.  der  Math.  Wiuen.,  Leipzig,  1899.  Bd.  I.,  p.  246,  note  80. 

'  *NcavilIe  siiMicde  d'4Umiiier  les  quantit^s  inconnues  des  ^quationi/  And, 
JMs,  aaD4e  1714,  pp.  8M04. 
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pnbUslied  sixtoen  ye«n  later  (whieb,  however,  throwi  no  Iredi  llgbt  on 
the  eatjeet).  The  same  prindfle  is  fundamental  in  the  other  newmethod^ 
Rketohed  in  the  Berlin  memoir  of  1748.   But  with  this  differenoe.  By 

the  one  method  the  common  linear  factor,  corresponding  to  the  common 
root,  was  eliminated  between  the  two  equations,  and  from  the  resulting 
identity  the  system  of  linear  equations  which  led  to  the  resultant  were 
obtained.  In  the  other  method  the  reeoltant  is  formed  of  the  products 
of  all  poeaible  dilforeDoes  of  the  roots  of  the  two  equations,  sueb  as  (a— a), 
if  5,  c  .  .  .  a,  /9,  y  .  .  .  are  the  roots — one  of  which  must  certainly 
vanish — and  the  crux  of  the  solution  lies  in  the  expression  of  this  product 
in  terms  of  the  coetficienta  of  the  two  equations.  Since  each  equation 
may  also  be  expressed  as  a  jnoduct  of  factors  such  as  {x — a),  the  resultant 
equation  is  found  to  be  the  product  of  the  eciuatioiis  formed  from  one 
equation  by  substituting  in  it  lor  a;  the  roots  of  the  other  ^q^mi&osL  And 
this  lesds  at  onoe  to  the  consideration  of  certain  symmetrie  functions  of 
the  roots,  and  to  the  neciwsity  of  evaluating  them  in  terms  of  the  co- 
efficients. This  process  is  only  sketched  by  Euler,'  and  thus  his  proof 
that  the  resultant,  when  the  coefficients  contain  a  second  variable,  attains 
the  degree  mn  (m  and  n  being  the  degrees  of  the  equations)  in  this  vari- 
able is  not  ooQolnsiTe^  although  the  first  step,  of  proving  that  it  is  ol  the 
mth  degree  in  the  ooefficients  of  the  equation  ol  liho  nth  degree  and  of 
the  nth  degree  in  the  coefficients  of  the  equation  of  the  mth  d^ree,  is 
correctly  takfu.  This  method  is  sometimes  known  as  '  Euler's  first 
method,'  ^  or,  more  properly,  as  '  elimination  by  symmetric  functions.' 
It  was  also  employed  with  far  greater  success  by  Cramer  (1704-1762) 
in  the  Appendix  II.  to  his  *  Introduction  k  I'analyse  des  lignes  courbes 
alg^briques.'  *  In  faet^  it  is  from  Cramer^s  work  that  the  impulse  to 
investigate  all  possible  symmetric  functions  of  the  roots  of  an  equation 
dates.  Up  till  this  time  the  only  ones  discussed  were  the  products  taken 
one,  two,  three  ...  at  a  time,  known  as  early  as  1629  by  Girard*  to  be 
equal  to  the  successive  coefficients  of  the  equations,  and  the  sums  of  the 
powers  of  the  roots  which  Newton  had  investigated.* 

To  Cramer,  also,  belongs  the  cradit  of  devising  a  suitable  notatioii.* 
It  is  in  all  essentials  the  same  as  Leibnitz's,  but  was  probably  invented 
independently.'  He  writes  the  two  equatkms  from  which  «  is  to  be 
elimmated  thus : 

B  .  .  .  (0)+(l)a;+(2)a;»+(3)as>+  .  .  .  +(m)dif'nO 

where  [1],  [P],  [1^],  .  .  .  [1"]  are  functions  of  y  of  degree,  1,  2,  .  .  .  n; 
and  (0),  (1),  (5),  .  .  .  (m)  are  functions  of  y  of  degree  m,  m  —  l,  m— 2, 
.  .  .  0 ;  and  calls  the  resulting  equation  in  C.  C  is,  then,  the  product 
of  tiie  equationB  formed  from  B  by  successive  substitutions  for  x  of  the 
roots  a,  0,  e,  Ac,  of  A  ;  each  term  of  it  therefore  consists  of  two  factors : 
*  I'un,  fscteur-premier,  est  le  produit  de  quelques  coefficients  de  B  ;  Tautre, 
facteur- second,  est  une  fonction  des  racines  «,?),<;...  de  I'^quation  A.'* 
The  *  facteurs-premiers '  are  easily  found  by  combining  n  at  a  time  the  terms 

*  Aead,  Berlin,  ann6e  1748,  p.  245. 

*  Eneyk.  der  Math.  WiumL,  Leipsig,  1889,  Bd.  I.,  p.  245. 

*  Geneva,  1750,  pp.  660.  «  OSDtor,  VoL  ii.  p.  718. 

*  Arithmttica  Uni9«rtalit,  l§t  edition,  p.  261. 

•4iMJj|r«bAiip.L.p.M7.     *  <af.Omlor,fel.iii.p.68ei      •  £^dL,^m^ 
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(0),  (1),  &c ;  they  are  written,  e.g.,  (0"-»l),  (0*-«111224).  The  *  faotenn- 
aeconds'  are  connected  with  the  '  facteurs-prem'ere '  by  the  following  per- 
fectly definite  statement,  in  which  is  st  cn  the  iraportnnce  of  the  numerical 
notation  :  '  Chaque  chiffre  du  facteur-premier  ann<»nce,  dana  le  facteur- 
second  qui  lui  est  joint,  une  puissance  des  lettres  a,  6,  c,  iStic,  dont  ce  chiflre 
ert  Texpoiaiitt  et  oes  palasanoes  flout  autant  de  termes  qu'il  y  a  de 
naaitoe  de  lea  arranger.'^  In  other  words,  each  '  factear'SOoond '  is  a 
sjnnnaetric  function  of  the  roots  a,  6,  c,  .  .  .  of  dimensions  aqnal  to  the 
snm  of  the  numbers  contained  in  its  bracket.  '  8i  done  les  racinea  de 
r^quation  A  ^taient  connues,  il  serait  ais6  d'ayoirtous  les  facteurs-seconds 
de  I'equation  C.  Mais  ces  racines  sont  inconnues,  lorsque  I'equation  A 
est  dHin  degri  trop  pour  que  I'alg^bre  en  puisse  dommr  la  lohition. 
GqwDdant  oes  fsotenrs-seoonda  se  penvent  tonjonra  oalcnler  et  ezhiber 
sous  une  forme  rationnelle^  au  mojen  des  coefficients  de  I'equation  A/  ' 
And  then  from  the  known  connection  between  the  coefficients  of  an 
equation  and  the  products  of  the  roots  taken  one,  two,  .  .  .  together. 
Cramer,  by  a  somewhat  intricate  rule,  deduced  the  values  of  all  the 
symmetric  functions  required  for  the  determinations  of  equation  C. 

The  essential  leatore  of  this  rule  is  an  arrangement  of  the  'fsetenn- 
premiers '  in  lines  according  to  a  certain  law  :  the  first  line,'  for  example, 
being  of  the  type  (0000).  (0001),  (0011),  (0111),  (1111),  the  second  and 
third  linos  are  (0002),  (0012),  (0112),  (1112);  (0003),  (0018),  (0113), 
(1113),  and  so  on.  The  '  facteurs-seconds'  corresponding  to  the  first  line 
are  easily  seen  to  be  these  said  sums  of  the  products  of  the  roots  taken 
one,  two^  three,  four  together,  and  are  thus  equal  to  1,  [1],  [P],  [P],  [1^]. 
AU  the  'facteurs-seconda' corresponding  to  the  succeedmg  lines  are  then 
shown  to  be  derivable,  by  means  of  a  multiplicatacn  theorem  for  pairs  of 
'  facteurs-seconds,'  from  *  facteurs-seconds  *  corresponding  to  terms  in  lines 
above  them,  and  thus,  finally,  from  the  first  line  ;  they  can  therefore  be 
expressed  rationally  in  terms  of  the  coefficients  of  A.  A  typical  example 
of  the  multiplication  theorem  is :  * 

(0-411223)  X  (0-4)==(0''  n  1 1 224)  +  2(0'-«l  1 1 233) 

4- 3(0'- ni 2223) +  4(0"  U111223) 

where,  as  Cramer  is  careful  to  point  out,  the  sum  of  the  significant  figures 
in  each  bracket  of  the  result  is  the  same,  being  equal  to  the  sum  of  those 
in  the  two  factors.  The  proof  of  the  theorem  lies  in  translating  the 
symbols  into  the  actual  terms  for  which  they  stand,  viz.,  using  the  modem 
2  notation, 

as  is  sufficiently  evident.  A  formal  proof  could,  of  course,  easily  be  obtained 
by  induction.  When  the  coctticients  of  equation  A  are,  as  we  have  already 
assumed  them  to  be,  functions  of  y,  the  above  characteristic  of  the  multi- 
plication theorem  enables  Cramer  to  prove  that  the  di^gree  in  y  of  the 
equation  C  cannot  exceed  mn.  For  each  '  fsctour-premier  *  ia  esyiily  seen 
to  oontain  y  to  a  power  (mn — sum  of  its  numbers),  and  it  only  remains  to 
show  that  the  corresponding  '  facteur-second,'  when  evaluated  in  terms  of 
the  coetiicient  of  A,  will  contain  y  to  a  power  equal  to  the  sum  of  the 
numbers  in  its  bracket. 

Now  this  is  seen  to  be  true  of  the  '  facteurs-seconds '  corresponding  to 

«  Zstf.  dt,  p.  6M.    "  Z«0.  ^  p.  668.    •  Xm.  tftt^  p.  668.    «  Xm.      p.  668. 
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the  first  line  of  '  facteun-premiers  *  by  reason  ol  their  known  Talaes. 
And  tinoe  eaofa  *  iMitenr-aeoond'  oen  be  nltiniately  rednoed,  hj  meuis  of 

the  multiplication  thecMrem,  to  the  sum  of  products  of  those  in  the  first 

line — the  total  sum  of  the  signi6cant  figures  in  every  such  product  being 
equal  to  that  in  the  original  bracket—it  follows  that  this  sum  will  be, 
as  required,  the  power  of  The  characteristic  property  of  the  multi- 
plication theorem,  although  only  stated  with  regard  to  the  rooU  of  the 
equation,  justtfiee  the  oonelonon '  that  Cramer  had  conoeived  tb#  Idea  of 
'  wei^t '  as  applied  to  the  expression  in  terms  of  the  coeflSciehte  of  a 
symmetric  function  of  the  roots,  for  the  sum  of  the  significant  figuiea  in 
the  bracket  of  a  *  facteur-second  '  (which  primarily  denotes  the  degree  in 
the  roots)  is  shown  in  the  proof  we  have  sketched  to  persist  throughout 
the  process  of  tracing  it  back  to  the  first  line  and  to  be  thus  equal  to 
tlie  sum  of  the  sulhxes  in  the  equivalent  expression  in  terms  of  tne  oo- 
elBeientai 

$  8.  MiKoiBs  ov  1RB  iNTBBiionoNs  OF  Planb  Gubvkii  fbom  Maclaubih 

TO  IiAMi,  1720-181». 

The  progreas  of  analytical  geometry  as  a  whole  during  this  period  of 
abont  a  bundled  years  is  mainly  along  the  lines  which  Kewton  bad  begun 

to  explore.  The  classic  treatises  of  Euler  and  Cramer  fall  within  its 
limits,  but,  original  and  fruitful  as  these  works  were,  they  formed  rather 
the  climax  of  tlie  purely  Cartesian  ep<jch  than  the  beginning  of  the  modern 
era.  And  it  is  noteworthy,  as  corroljoration  of  this  fact,  that  both  were 
published  before  the  year  1758,  which  saw  the  foundation  of  the  Turin 
Academy  under  Lagrange,  the  'father  of  modem  mathematice.'  The 
daasification  of  curves  according  to  the  degree  of  their  equations,  the 
investigation  of  all  possible  types  of  the  same  order,  of  the  infinite 
branches  and  of  the  singularities  of  a  given  curve,  such  were  the  chief 
problems  which  occupied  these  geometers.  The  notation  employed  is 
invariably  the  Cartesian  equation  written  at  full  length  ;  the  point  was 
thus  the  primary  element  in  the  plane,  and  the  properties  of  curvee 
were  studied  as  belonging  to  configurations  of  points.  The  number  of 
intereections  of  a  pair  of  curves  and  the  possibility  of  passing  a  eurve  of 
given  order  through  a  certain  numbor  of  fjiven  points  are  questions  which 
really  belong  to  a  domain  beyond  the  vision  of  the  mathematicians  of  the 
eighteenth  century — a  domain  in  which  a  curve  itself  is  the  primary 
element  and  systems  of  curves  the  subject-mattor  of  investigation.  They 
ame,  however,  naturally  enough,  the  moment  the  sisnificanoe  of  the 
coefficients  in  the  equation  of  a  curve  was  reeogniiea,  and  were  only 
partially  answered  by  Maclaurin,  Euler,  and  Cramer  before  Lame'*,  in  1H18, 
took  a  more  important  step  in  their  elucidation  than  he  himself  probably 
realised. 

The  enunciation  of  the  paradox  connected  with  these  questions  is  due 
to  Hadanrin.*  It  formatbe  second  ooroUary  to  the  Lemma  of  Seetion  Y.  in 
bis  *Qeometfica  Oiganica,'  and  may  be  rendered  as  follows  :  *A  line  of 
order  n  can  cut  another  of  the  same  order  in  n'  points.   Hence  two  lines 

*  BriU  aDdNoetber,ya/ire4^.  d.  deuttc/ien  Math,  Ver.,  vol.  iii.  (1894),  p.  137. 
Osntor,  vol.  lit.  p.  6ft8.    The  reference  given  by  the  former  to  §§  9, 10  of  Onunerti 

Appendix  II.  is  somewhat  mislcailinp-.  as  these  only  deal  with  the  d^ree  in  the 
roots ;  bat  if  the  whole  pzx>o£  is  studied  their  conclusion  is  fully  established. 

*  See  §  6. 
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of  order  n  may  sometimes  pass  through  the  same  n"^  points  ;  and  thus 
given  points  whose  number  is  V»(»  +  3)  do  not  suffice  to  determine  a  line 
cf  order  n  in  such  a  way  that  the  curve  which  can  be  drawn  through  them 
ii  unique  ;  yet^  in  trutb^  sinoe  tlie  ooeffioieintB  in  the  general  equations  of 
m  line  of  order  n  are  )ii(«i+3)  in  number,  it  is  clear  that,  if  more  points 
are  given,  it  is  perhaps  not  pOiwiMe  to  draw  a  line  of  order  n  through 
them,  and  the  problem  may  be  impossible.  So  nine  points  do  not  as  fully 
determine  a  line  of  order  three  as  five  do  a  line  of  order  two  ;  yet  ten  are 
too  many  for  the  determination  of  a  line  of  order  three.'  Shortly 
expreesed,  this  amounts  to  the  enigmatio  statement  that  ^»^n+3)  points 
both  do  and  do  not  determine  a  curve  of  order  n  nniqiiely.  Madauxin 
makes  no  attempt  at  an  ezphmation,  and  thirty  years  elapsed  before  the 
matter  was  again  put  forward  in  print.  It  then  appeared  simultaneously 
in  two  publications — in  Cramer's  *  Analyse '  and  in  a  memoir  by  Euler 
entitled  ^6ur  une  contradiction  apparente  dans  la  doctrine  des  lignes 
courbes.'  ^ 

CSramer  had  s|ient .  part  of  a  two  gears'  leave  of  absence  tnm  his 
Geneva  profeisonbip  in  England,  and  it  is  perhaps  due  to  this  that  he 
alone  of  foragn  mathematioians  gives  the  reference  to  Maclaurin's 
corollary  in  a  footnote  to  his  own  statement  of  the  paradox  : '  '  Une 
contradiction  apparente  ...  est  celle-ci.  Puisqu'une  ligne  de  I'ordre  m 
ne  peut  rencontrer  une  ligne  de  I'ordre  n  qu'en  nin  points,  une  ligne  de 
Tosdre  v  ne  teooontrera  one  autre  ligne  de  mdme  ordre  qu'en  v*  points. 
8t  done  i^  est  dgal  ou  plus  grand  que  le  nombre  + 3),  qui  est  celai  des 
points  ipii  d^tenninent  one  ligne  de  I'ordre  v,  on  ponrra  faire  passer  plus 
d'une  ligne  de  I'ordre  v  par  ^t?(r-f  3)  points,  ce  qui  semble  contraire 
a  I'article  §  38.'  The  explanation  he  offers  is  as  follows  :  *  Cett«  contradic- ' 
tion  se  leve  par  la  remarque  qui  termine  §  3}^,  c'est  qu'encore  qu'on  ait 
autant  d  equations  qu'il  en  faut,  geueralement  parlant,  pour  determiner 
toes  les  coeffieients  de  I'equation  prise  poor  reprisenter  la  oowrbe  qui  doit 
pewnr  par  nn  certain  nombre  de  points  donnas,  il  peut  pourtant  aniver 
que  ces  coefficients  restent  inddtermin^  Alors  I'^uation  prise  reste 
ind^tennin^  et  repr^sente  une  infinite  de  courbes  du  meme  oixlre.'  His 
use  of  the  plural,  '  ces  coefficients,'  is  worth  noting  ;  in  §  38  it  is  even  more 
emphatic  :  *  quelqaes-uns  de  coefficients ' ;  he  probably  did  not  recog- 
nise that  a  waof^  inSnity  only  of  onrves  is  involved.' 

Singolady  enough,  Cramer,  in  enunciating  the  paradox,  makes  no 
mention  of  £nlsr,  whiise  paper  had  been  communicated  to  the  Berlin 
Academy  two  years  previously  and  printed  in  the  year  of  publication  of 
the  '  Analyse.'  The  same  volume  of  the  *  M^moires  de  I'Acad^'mie  de 
Berlin  '  contains  an  historical  paper  by  Cramer  himself,  and  it  is  rather 
improbable  that  he  had  no  knowledge  of  Euler's  work.^  Euler's  paper  is 
written  with  eharaoteristie  naSwM,  almost  suggesting  that  he  is  writing 
down  his  own  train  of  thought  step  by  step,  in  meditating  over  the  knotty 
point.  By  means  of  the  simplest  examples  he  illustrates  the  cause  of 
a  possible  indetermination  in  one  or  more  of  n  unknown  quantities,  con- 
nected by  n  equations,  summing  up  thus  :  '  Une  des  quantitt^  inconnues 
restera  ind^termin^  si  une  dra  equations  proposees  ^t  renferm^e  dans 
les  autres.  De  plus,  deux  on  plusieurs  quantity  inoonnues  resteront 

>  Aead.  Berlin,  annee  1748,  pp.  219-233.  '  Analjf$et  pp.  78,  79. 

•  Cf.  Scott,  Bull.  Am.  Math,  Sao.,  voL  iv.  (1898),  p.  262. 

*  Cf.  OSator,  TOL  m.  p.  797,  where  donbt  is  thrown  on  Cramei^s  itstiment  thit 
his  Am^ijfm  was  wiittn  quite  indspendsntly  of  Euler's  JiUrodnctU, 
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inddterminte  sHl  7  a  parmi  les  ^nations  deux  ou  plusieurs,  qui  sont  d^jk 
dans  les  autres,  et  qui  par  congruent  ne  contribnent  rien  It  la  d^termiimtion 

penfermt^es  des  inconnues.'^    This  indicates  more  insight  int/)  the  possi- 
bilities in  the  nature  of  a  system  of  equations  than  any  passage  in  Cramer  ; 
but  when  he  proceeds  to  make  use  of  this  conclusion  he  fails  to  bring  out 
the  complete  resolution  of  the  paradox.    He  first  considers  the  cases  of 
a  straight  line  and  of  a  conic  and  shows  how  they  may  remain  indeter- 
mhiateb  even  alter  assigiiatioii  of  two  and  five  points  reapectiYaly  on 
them.  These  caaes  present  no  cUffiedtj,  but  are  not  really  relevaat  to 
the  paradox,  since  in  their  case     is  less  than  ^v(v+3)  :  they  arise  whesi 
the  two  assigned  points  coincide,  and  when  of  the  five  points  four  lie  on 
a  straight  line.    The  cubic,  which  is  the  next  curve  he  considers,  and  to 
which  the  paradox  is  applicable,  is  confessedly  beyond  his  grasp  :  *I1  est 
cependant  fort  difficile  de  d^finir  ces  cas  g<5n^ralement,  commej'ai  fait  pour 
les  lignes  du  second  ordre,  puisque  le  calcul,  k  cause  du  grand  nombre  des 
points  et  des  coefficients,  deviendrait  trop  compliqu^.     N^anmoins  il 
n'est  pas  diifieUe  de  d^couvfir  pladenrs  cas  partlenlier^  o&  oe  deCMit  dans 
la  determination  a  lien ;  desquels  on  ne  oonelara  pas  difBoUement^  que 
le  nombre  de  tels  cas  peut  dtre  inBniment  grand,  ce  qui  suffit  ponr  mon 
dessein/  ^    The  particular  cases  alluded  to  are,  first,  when  the  nine  points 
are  so  situated  that  the  cubic  through  them  must  degenerate  into  a  conio 
and  a  straight   line  :   this  is   analogous  to  the   case  of  the   conic  ; 
and,  next,  when  they  are  arranged  in  the  shape  of  a  square,  so  that  the 
equation  of  a  cubic  through  them  ia  7ni/{y'^-a^)=iix(x'^-a^)f  'ou  le  rapport 
dee  coefficients  m  et  n  peut  Stre  queloonque,  de  sorte  qu'ime  infinite  de 
lignes  da  troisi^ne  oidre  peut  dtre  indiquee,  qui  passent  tontee  per  eea 
points  donnas/  ' 

In  view  of  the  fact  that  Euler  brings  forward  this  example  definitely 
as  a  special  case,  and  that  he  does  not  even  hint  at  a  similar  one  in  the 
discussion  of  quartics  and  quintics  with  which  his  paper  closes,  it  is  hardly 
likely  that  he  recognised  the  universal  application  of  the  principle  which 
underlies  it ;  in  fact,  he  actually  deduces  the  equations  of  the  two 
independent  component  cubics  (each  consisting  of  three  straight  lines) 
from  the  original  equations  by  writing  msO,  nasQ,  in  sneoesslon.  The 
principle  itself  was  not  lormnlated  until  more  than  sixty  years  had 
passed,  by  Lam^  (1795-1870),  so  slowly  do  ideas  grow.  And,  precisely  ss 
the  theory  of  onrves  was  originally  eaq»lored  in  the  interests  of  algabim 
before  the  reverse  process  set  in,  so  here,  the  intersections  of  curvea 
were  studied  with  a  view  to  the  determination  of  the  curves  on  which 
they  lie  long  before  the  properties  of  the  systems  of  curves  themselves  were 
investigated. 

In  the  preface  to  his  '  Examen  des  diff^rentes  m^thodes  employi^ 
poar  resondre  les  proUtoies  de  gtfom^e,'^  Lam^  acknowledges  that  the 
flenersl  reflections  on  pore  mathematics  which  occupy  a  quarter  ol  his 
book  were  suggested  to  him  by  the  problems  which  it  contains ;  this  fact, 
chaiaoteristic  of  the  practical  engineer,  does  not  detract  from  the  theoretical 
importance  of  the  jjeneral  statement  here  made  for  the  first  time,*  vit, 
that  an  equation  whose  left-hand  side  is  formed  by  the  additive  combina- 
tion of  the  left-hand  sides  of  two  or  three  given  equations  of  the  same 
degree,  each  multiplied  by  an  undetermined  quantity,  is  the  adequate  repre- 

*  Loe.  oit.,  p.  237.  '  Loo.  oiU  p*  S81.  *  Z00.  eit.,  p.  281. 

*  FSils,  1818,  ppi  124.  •  Lee.  d».,p.  28. 
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fsnteitioii  of  all  geometeioal  lom  of  this  degree  which  pass  through  the 
intersections  of  the  lines  or  surfaces  represented  by  the  original  eqiutioii& 
It  is  evident,  however,  from  the  examples,  that  Lam6  is  really  concerned 
with  actually  obtaining  the  necessary  conditions  in  order  that  three  or 
four  given  e<|uations  may  hold  simultaneously,  and  that  the  singly  infinite 

iand  linear)  nature  of  the  system  in  the  one  case  and  the  doubly  infinite 
end  ]iikeer)iifttave  of  the  system  in  tbe  other  are  not  of  primaiy  import- 
ance to  him. 


Meiwrdogiad  Obtervations  on  Ben  Nevis. — Report  of  the  Commiilee, 
eomisting  of  Lord  M'Laren,  Professor  A.  Crum  Brown  (Secretary), 
Sir  John  Murray,  Professor  Copeland,  and  Br.  Alexandee 
BoGHAM.  (Drawn  up  by  Dr.  Bucham.) 

Tarn  Obmmittee  were  appointed  lor  the  purpose  of  eoHjperating  with  tho 
Scottish  Meteorological  Society  in  making  meteorological  observations  at 

the  two  Ben  Nevis  ObservHtonVs. 

The  hourly  eye-observations  made  at  the  top  of  tlio  mountain  by  night 
as  well  as  by  day  have  been  regularly  made  by  ilr.  Angus  Rankin,  the 
superintendent,  and  staff  of  assistants.  As  the  observatory  at  Fort 
mlliam  is  one  of  the  obeervatories  of  the  Meteorological  Oonncil,  the 
observations  there  are  taken  fipom  the  photographic  curves. 

The  health  of  the  observers  has  been  good  during  the  year.  The 
directors  desire  to  express  their  very  cordial  thanks  to  Messrs.  A.  Watt> 
M.A.,  T.  Affleck,  R.  Aitken,  WiUiam  S.  Bruce,  and  G.  Philip  for  the 
invaluable  services  rendered  by  them  as  volunteer  observers  at  certain 
seasons  of  the  year,  partioolarlj  during  the  summer  montiis,  thus  scouring 
to  the  members  of  the  staff  of  both  observatories  the  rest  they  needed  from 
their  arduous  work ;  and  to  Messrs.  Wedderbnm  and  Aiken  for  the 
valuable  observations  they  have  made  this  summer  at  the  half-way  station 
on  the  Ben. 

The  principal  results  of  the  observations  made  at  the  two  observatories 
daring  1900  are  detailed  in  Table  I. 
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This  table  shows  for  1901  the  mean  monthly  and  extreme  temfH?rature 
and  pressure  ;  the  amounts  of  rainfalli  the  number  of  days  of  rainfali,  and 
of  days  on  whioh  it  equalled  op  exceeded  an  ineh ;  tiie  botm  of  gnnahine ; 
the  mean  latnband  ;  and  the  mean  velocity  in  mUee  per  hour  of  tiie  wind 
at  the  top  of  the  mountain.  The  mean  barometric  pressures  at  Fort 
William  are  reduced  to  32**  and  sea  level,  but  thoee  at  Ben  Nevis 
Observatory  to  32°  only. 

At  Fort  William  the  mean  atmospheric  pressure  was  29-889  inches, 
or  0  032  inch  above  the  avenge.  The  mean  at  the  topwas  25*325  inches, 
or  0-020  inch  above  the  average.  The  mean  diimenoe  for  the  two 
observatories  was  4*564  inches.  At  the  top  the  absolutely  highest 
pressure  for  the  year  was  26'037  inches  in  May,  this  being  the  highest 
hitherto  recorded  in  May,  and  the  lowest  24  159  inches  in  December, 
We  may  note  that  in  8  years  out  of  18  the  Ben  Nevis  barometer  has  not 
given  a  reading  below  24  inches.  At  Fort  William  the  absolutely  highest 
fffemre  was  w*652  inches  in  November,  and  the  lowest  28*549  indus  h& 
December.  The  differences  of  the  extremes  at  top  and  bottom  wece 
therefore  1*878  inch  and  2*003  inches  respectively. 

The  deviations  of  the  mean  temperatures  of  the  months  from  their 
respective  averages  are  shown  in  Table  II. 
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Tabu  II. 


Fort      Top  of 
WiUiftm.  B«aN«vu. 


February 

April 

May 

June 


o 

•fM 

-2  4 
-0-8 
+0-3 
+  8-0 

-1-9 


-18 
-0-6 
+  0-7 
+  50 
-2-8 


Fort       Too  of 
WOliMi.  BmNvm 


1 


Jttly. 

August 
Sept«mber 
OMober  . 
November 
December 


+9-9 

-0-6 
+  2-6 
-1-1 

-0-2 
-2-9 


^^4 

00 
+  10 
-0-4 

+  0-5 


At  both  observatories  February  was  the  coldest  month  of  the  year. 
In  this  month  northerly  winds  were  seven  days  in  excess  of  the  average 
prevalence,  and  winds  from  south  and  south-west  correspondingly  defec- 
tive. May  and  July  were  both  exceptionally  warm  months,  the  general 
type  of  weather  beins  emmenthr  anticjclonio,  with  «  very  large  exoeiB  of 
sanshine.  The  abeolately  highest  temperature  for  the  year  at  Fort 
William  was  79*»-6  on  July  20,  and  at  the  top  63**-0  on  July  3,  and  the 
lowest  at  Fort  WiUiam  15<**2  on  March  29,  and  at  the  top  G^'  d  on 
March  25. 

In  Table  III.  are  given  for  each  month  the  lowest  observed  hygro- 
metrio  readings  at  the  top  of  Ben  Nevis 

Tablb  ni. 


Jan. 

Ptb. 

Mat, 

April 

Jniw 

July 

1 

Anf. 

I 

Oct. 

Nor. 

Deo. 

Dry  Bulb  . 

25-5 

34-0 

n 

27-9 

0 

300 

0 

40-3 

<• 

63i) 

63-0 

sli 

28^0 

32-0 

e 

213 

Wet  Bulb 

171 

19^ 

19^6 

23-1 

296 

89-3 

35-1 

372 

28-2 

239 

27-6 

167 

Dew-point 

-e-7 

-10-S 

-14-4 

1-4 

16-7 

26-6 

19-9 

21-4 

18-4 

71 

171 

-168 

Biaitie  Poltc . 

•081 

•026 

•V'2'2 

•04  7 

■UM9 

•139 

•107 

•118 

•100 

•060 

•094 

•020 

BdntiTc  Hnmidltj 

28 

20 

14 

28 

36 

34 

SI 

28 

ftS 

39 

ft2 

18 

n^ellCaotti 

10 

20 

21 

17 

13 

7 

6 

20 

2 

S9 

t 

22 

s 

7 

1  ' 

10 

1 

6 

18 

1  " 

1  " 

3 

SI 

8 

8 

Of  these  relative  humidities  the  lowest,  14,  occurred  on  Mandi  21, 
with  a  dew-point  of  — 14°"4.  The  lowest  dew  point  of  the  year  was 
— 15®-6  on  December  22,  the  dry  bulb  being  21°-3  and  the  wet  bulb 
IG"'?.  A  noticeable  feature  of  the  table  is  the  unusually  hi^fh  values  of 
the  minimum  humidities  in  September  and  November.  In  the  former 
month  the  atmoi^iherBon  the  top  of  BenNevie  was  continuously  satnimted 
from  the  evening  of  the  5th  till  noon  on  the  11th,  and  then  almoet  con- 
tjnnoiisly  until  the  14th.  From  the  17th  to  29th  indoaive  there  were 
only  a  few  scattered  hours  at  which  the  humidity  was  not  100.  In 
November,  the  8th  to  14th  and  17  th  to  30th  were  periods  of  continuous 
saturation. 

Tho  rainlsll  for  the  year  at  the  top  was  156*43  inches,  being 
len  than  the  average  hy  1*27  inch.  This  ndnfall  was  no  less  ^n 
08*90  indies  below  the  very  heavy  amount  recorded  for  1900.    June  was 

a  very  wet  month,  the  rainfall  of  13-19  iiu^hos  beinfj;  fi"32  inches  above 
the  average  and  greater  than  any  June  rainfall  except  that  of  1892, 
14*07  inches.  February  and  July  were  comparatively  dry  months,  with 
amounts  5*91  inches  and  6*02  inches  below  their  respective  averages. 
The  greatest  fall  recorded  in  a  single  day  was  4*77  inones  on  March  5. 
At  ^vrt  Wilfiam  the  annual  ndnfsU  was  67*46  Inches,  being  9*88  inchei^ 
or  IS  per  cent.,  below  the  aven^. 
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At  the  top  of  Ben  Nevis  the  number  of  rainy  days  was  259,  and  at 
Fort  William  235.  At  the  top  the  maximum  monthly  was  28  days  in 
December,  and  at  Fort  WiUiam  27  days  in  the  same  month.  In  M&y 
there  were  only  14  rainy  days  at  the  top  and  12  at  Fort  William. 
Daring  the  year  the  numoer  ol  days  on  which  1  ineh  of  nin  or  more 
fell  at  the  top  was  54,  whenai  at  Fort  WiUiam  the  number  of  sadi 
days  was  only  10.   The  correspondiiw  numbers  for  1900  were  69  and  15. 

The  sunshine  recorder  on  Ben  STevii  showed  894  hoars  oat  of  a 
possible  of  4,473  hours,  or  20  per  cent,  of  the  possible  sunshine.  The 
average  of  the  past  18  years  being  756  hours,  the  sunshine  of  1901  was 
138  hours  above  the  average.  May  and  July  were  the  two  sunniest 
months  with  amounts  117  hours  and  42  hours  above  their  respective 
averages.  The  amount  of  75  hours  in  Jane  was  deficient  by  no  fewer  than 
62  hoars.  At  Fort  WiUiam  the  nombcr  of  hoan  was  1,197,  or  44 
houraabovetheaventgeof  11  years.  The  amount  for  May  was  86  hovrs 
above,  and  that  for  J une  29  houn  below  the  aTerage^ 

At  the  Ben  Nevis  Observatory  the  mean  percentage  of  cloud  was  81, 
and  at  Fort  William  71,  both  fractionally  below  the  average.  At  the  top 
the  cloudiest  month  was  December  with  91  per  cent.  This  is  a  low 
value  for  the  maximum  monthly  amount,  and  we  may  contrast  it  with 
97  in  December  and  96  in  January  in  1900.  We  may  note  very  low 
cloud  amounts  at  both  top  and  bottom  for  May. 

Anroras  were  observed  on  February  19,  20  ,  July  27,  28  ;  August  20  ; 
October  9. 

St.  Elmo's  Fire  was  seen  on  January  3, 24>  30 ;  July  14 ;  October  17f 

22  ;  December  31. 

Zodiacal  Li^ht  : — Not  observed  during  the  year. 

Thunder  and  Lightning  :— July  14,  18,  19,  20,  21,  22. 

Thunder  only  :— June  11  ;  August  12. 

Solar  Halos  ; — June  7,  29  ;  July  14  j  September  30. 

Lunar  Halos AprO  2,  23,  27  ;  October  29 ;  November  21 ;  Decem- 
ber 22. 

Meteors May  13, 16. 

During  the  past  year  Mr.  Ormond's  time  has  been  chiefly  given  to 
revising  and  otherwise  preparing  for  publication  the  '  Meteorology  of  the 
Ben  Nevis  Oliservjitions,'  Part  II.,  containing  the  observations  for  the 
years  1888,  1889,  1890,  1891,  and  1892,  and  an  Appendix  containing  the 
results  of  several  papers  which  have  appeared  in  the  publications  of  the 
Royal  Society  of  Edinburgh  and  the  Scottish  Meteorological  Society,  as 
wefi  as  papers  specially  written  lor  this  volume.  A  copy  of  the  volvme 
accompanies  this  report  This  is  the  first  of  the  three  volumes  for  the 
printing  of  which  the  Royal  Societies  of  London  and  Edinburgh  have 
each  voted  500/.  The  second  of  these  volumes  is  now  in  the  printer^s 
hands. 

Meanwhile  other  large  researches  are  beiiij<  carried  on  in  the  Society's 
office  on  the  lines  indicated  by  your  Committee  in  their  Report  to  the 
British  Association  at  Glasgow  last  year.  Dr.  Buchan's  time  has  been 
almost  wholly  occupied  wiUi  a  discussion  of  the  hourly  observationi*  of 
pressure,  temperature,  humidity,  sunshine^  and  rainnll  at  tfa«  two 
observatories,  with  their  interrelations,  particularly  with  the  important 
bearings  of  the  results  on  weather  changes. 

So  far  as  the  discussion  has  gone  the  chief  outcome  is  this,  while  the 
diffinenceof  the  mean  temperatures  of  the  two  observatories  is  nearly 
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15*-5,  the  reduction  of  the  two  barometers  to  sea  level  closely  agrees  after 
a  further  reduction  for  diurnal  and  seasonal  differences,  the  final  dif- 
ference being  only  the  small  ditferencc  of  0'005  inch  on  an  average  of  the 
ten  years  beginning  with  1801.  But  if,  on  the  one  hand,  the  mean 
temperature  differences  be  12^*0  or  Ims,  the  diffennoe  of  the  reduced 
b«roinerten  is  much  lew;  and,  on  the  other  band,  if  the  temperature 
difSirenceB  be  18^*0  or  more,  then  the  differsnoe  of  the  rednc«d  baro- 
meters is  much  greater.  In  the  former  case  the  type  of  weather  has 
been  strongly  anticyclonic,  but  in  the  latter  equally  strongly  cyclonic. 

A  vital  result  which  comes  out  in  the  course  of  this  discussion  is 
shown  in  the  hourly  reduced  daily  values  indicating  the  transition  from 
the  antioyclonio  to  the  cyclonic  type  of  weather  to  be  generally  slow, 
extending  over  several  days,  thu^  prolonging  in  many  cases  the  time  of 
our  prevision  of  the  more  marked  weather  changes.  It  is  contemplated 
that  at  least  another  year's  diacnjision  of  the  important  question  here 
raised  will  be  required. 

It  is  scarcely  necessary  to  remark  that  the  result  here  empirically 
arrived  at  ia  in  aooordance  with  the  princi^  laid  down  by  Dalton : 
<Air  charged  with  vapour  or  vaporised  air  is  specifically  lighter  than 
when  without  the  vapour  ;  or,  in  other  words,  the  more  vapour  anygive^ 
quantity  of  atnuM^pheric  air  has  in  it^  the  less  is  its  specific  gravity.'  ^ 


Siatigiics  co7icerniiig  the  Trainitig  of  Chemists  employed  in  Eivgluh 
Chemical  Industries. — Repori  of  the  Committee,  consisting  of  Pro- 
fessor W.  H.  Perkin  {Chairman),  Professor  G.  G.  Henderson' 
(Secretary),  Professor  H.  £.  Abmstrokg,  and  Mr.  G.  T.  £ii.iLBV. 

The  Committee  decided  that  the  best  method  o£  obtaining  the  desired 
statistics  concerning  the  training  of  the  chemists  employed  in  English 
diemical  industries  was  to  send  a  circular-letter,  with  a  form  for  reply  en> 
closed^  to  all  those  members  of  the  Society  of  Chemical  Industry  who,  so 
far  as  could  be  judged  from  the  designations  given  in  the  list  of  members, 
occupy  a  position  as  manager  or  chemist  in  a  works.  This  method  was 
adopted  because  the  great  majority  of  the  chemists  engaged  in  techno- 
logical work  in  thb  country  are  members  of  that  Society,  and  because 
no  other  meaus  of  obtaining  the  information  seemed  practicable.  The 
result  of  the  inquiry  was  that  more  than  half  of  those  addressed  sent 
rqtties  to  the  circular.  It  is  probable  that  a  considerable  proportion  of 
those  who  did  not  reply  are  not  engaged  in  chemical  works,  and  therefore 
tbe  following  statistics  may  be  considered  to  give  a  fair  idea  of  the  present 
position. 

Information  concerning  their  course  of  training  was  received  from 
502  managers  and  chemists  employed  in  English  chemical  industries. 
Of  these,  107,  or  21  per  cent.,  are  graduates,  and  395  have  not  taken 
a  degree  ;  1 11,  or  22  per  cent.,  are  Fellows  or  Associates  of  the  Institute 
of  Chemistry. 

*  Dalton,  Mtteor9i<ffM  Ohtnmtifin*  Mt4  &tayf,  2ud  ed.,  Hsnchester,  1834, 

p.  100 

VJ02,  u 

Digitized  by  Google 


98  KEroRT— 1902. 

The  foUowing  figures  give  more  detafled  information  : — 

Number  of  gradomtes  of  a  British  Ucivcrnity  .  ...»  50 
Kumber  of  graduatos  of  both  a  British  and  a  foreign  Univer«ity  ,  16 
Number  of  graduates  of  a  foreign  University  82' 

107 

Kumber  of  non^gradnatee  trained  in  a  British  University  or  Uni- 

Ternty  Oollega  137* 

Number  of  non-gradoatM  tntined  in  a  British  Technical  College  .  165 
Number  of  non-graduates  trained  in  a  foreign  University  or  Technical 

Colk'gii     .....   8 

Kumber  of  non-graduates  trained  in  Evening  Olnw,  analyikir 

labofBtoriM*  woikt*  laboratoiieg,  or  otberwiae  .  ,     •     .  85 


The  distribution  of  the  chemists  among  the  principal  industrios  if 
ahown  in  the  folkywing  table : — 


Oraduatos 

Non-graduatcB,  trained  in 

►> 

be 
u  «» 

ity  or 
ego 

« 

c  _ 

Indastrv 

a  u 

ign 
sity 

1  Technical 
1  College 

Total 

■-5  £ 

U  O 

PQ.> 

MM  'C 

op 



c  _ 

i           of  Fore 
Uuiver 

1 

Universi 
i  University 

Foreign  Uni' 
Tucnnical  i 

a  1 

Acids,  Alicalis,  Inorganic 

•J 

5 

20 

19 

2 

20 

Motallurgioal  (wioiu) 

1 

— 

4 

10 

13 

14 

51 

Explosives    .       .  . 

6 

1 

4 

28 

1 

6 

46 

Dyeing  and  Printing  . 

3 

13 

16 

5 

87 

Oils.      Fatt,  Soap, 

2 

1 

8 

11 

0 

1 

S 

82 

Candles 

Colours,  Pigments,  Oils, 

8 

1 

o 

6 

5 

6 

28 

Vaniidies 

Brewing  and  Distilling 

3 

4 

8 

12 

1 

28 

Fine  Chemicals,  Fhar- 

7 

9 



i 

26 

maoentloals,  Oonfeo- 

tions 

Supar,  iStarch,  Glucose . 

3 

2 

1  J 

:i 

8 

3 

19 

Cement,  Tiles,  Pottery . 

1 

1 

5 

10 

1 

18 

Aniline  ColODIS    •  . 

2 

8 

7 

2 

2 

1 

17 

Tar  Distilling 

5 

8 

3 

16 

Paper,  Paper  Pulp 

2 

3 

3 



8 

Olae,  Gelatine,  Size 

1 

4 

7 

Paraffin  and  Fanffin 

3 

4 

~  1  " 

7 

Oil  " 

Dycwood  and  Tiuming 

5 

2 

7 

Extracts 

Cyanides    aod  Feno* 

8 

1 

2 

6 

cyanides 

2 

1 

1 

OVasa    .      •      •  . 

2 

G 

Coal  Gas 

1 

3 

2 

6 

MiscellaneouB 

10 

2 

2 

12 

3 

14 

59 

Total 

69 

16 

32 

137 

166 

* 

u 

602 

>  Thirteen  of  whom  studied  also  in  a  British  UniTerBity  or  Technical  College. 
«  Twen^  of  whom  ttndiod  also  in  a  f orai^in  Univendty  or  Technioal  College. 
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Ab$orfUon  Shtedra  a$id  Ch0imeal  OonstUuhonof  Or^nie  Svbsianeei. — 
F<mHh  inUfim  Beport  of  the  CommiUee,  wnnsUng  of  Profeisor 
W.  NoBj  Habtlkt  (Ohairmtm  and  Secretary),  Professor  F.  B. 
Jafp,  Professor  J.  J.  Dobbie,  and  Mr.  Ajuexandeh  Laudee, 

apjmnied  to  invesii^ate  the  Belatxon  between  the  AluorpHon  Spectra 
mid  Ohtmical  Ooiwit^ttttOA  of  Or^nic  Svib9i(mo$9» 

The  Committee  has  been  oocapied  with  two  distinct  branches  of  it^  work, 
each  of  which  has  demanded  a  large  share  of  afttetttion.  First,  the  spectra 
and  eoDstitiitioii  of  phlorogluomol  and  of  sabitanees  derived  therefrom,  aa 
being  intimately  connected  with  tautomerism.    Secondly,  the  absorption 

curve  of  quinone  and  substances  of  a  like  nature,  as  bein^;  connected  with 
the  view  that  quinone  has  a  special  structure,  and  that  ail  oiganio  colour- 
ing matters  are  constructed  on  the  same  tjpe. 


Pabt  L — ThiB  Abmyrption  Spectra  of  Phloroglucinol  and  some  of  its  Deri- 
eottett.  By  W.S,  Habtlbt»  J>,Sc.f  FM.S,t  Jahbs  J.  Dobbib,  DJSe,, 
MJL^  and  Albzaudbb  Laudbb,  BA.^ 

Phloroglucinol  reacts  with  some  reagents  as  a  phenol,  with  others  as  a 
ketone.  When  heated  with  phenyl-isocyanate  in  beniene  solution  it  yields 
a  trioarbanflide  derivative,  CeH3(O  CO  NH  CeH,)3,  and  when  alkyl- 
ated  under  certain  conditions  it  gives  derivatives  which  are  regarded  as 
true  ethers,  since  their  alkyl  groups  are  split  off  by  heating  with  Iiydrc^n 
iodide.  On  the  other  hand,  it  reacts  with  hydroxylamine  with  formation 
of  a  trioxime,  and  forms  alkylated  derivatives,  from  which  the  alkyl 
groups  are  not  ^Hit  off  by  boiling  with  hydrogen  iodide.  It  is  impossible, 
therefare,  from  its  ehemiod  behayioar  to  deoidb  whether  the  oxygen  atoms 
of  phlon^udnol  are  present  in  enolic  or  ketonio  groups ;  that  is  to  say, 
whether  it  possoisos  the  structure  (I.)  or  (IL) — 

C(OH)  00 

HOj^^CH  H,c/N:JHa 


(HO)C^/0.(OH)  OC'  'CO 

OH  OT, 

I.  IT. 

If  it  possesses  the  structure  represented  by  (I.)  its  absorption  spectra 
should  closely  resemble  the  spectra  of  the  trimethyl  ether,  M.P.  52°,  which 
is  decomposed  by  boiling  with  hydrogen  iodide.  If,  on  the  other  hand,  it 
possesses  the  structure  represented  by  (TI.),  its  spectra  should  resemble 
those  of  the  ftlkyl  derivatives  which  are  not  decomposed  under  this  treat- 


Before  comparing  the  absorption  spectra  of  phloroglacinol  and  its  alkyl 
derivatives  we  deemed  it  advisable  to  examine  specimens  of  phloroglucinol 
from  as  many  different  sources  as  possible,  and  for  this  purpose  specimens 
frere  pre|>ared  from  (1)  kino,  (2)  maclurin,  (3)  resorcinol,  (4}  phenol,  and 
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(5)  phloroglucinol  tricarboxylic  6ttor.  As  the  meltiDg-point  of  pUoro- 
glociool  is  variously  stated  at  tempemtures  ranging  from  310-217*,  W9 
made  a  careful  compariion  of  all  our  pure  preparations  with  the  vioer  of 

(lotermining:  whether  specimens  obtained  from  different  sources  really 
ditferfrom  one  another  as  regards  this  property,  or  whether  the  differences 
observed  are  merely  due,  as  stated  by  Baeyer,'  to  the  various  determina- 
tions not  having  been  made  under  the  same  conditions.  We  first  com- 
pared several  specimens  ot  phloroglucinol  from  kino  which  had  been 
carefully  purified  by  reerystalliiation,  and  found  that  when  dowly  heated 
aide  by  side  they  melted  at  210%  and  when  ^oiokly  heated  at  21 7^  All 
the  other  specimens  when  heated  side  by  side  with  the  speeimens  fnm 
kino  behaved  in  the  same  way. 

The  absorption  spectra  of  aqueous  solutions  of  all  the  five  specimens 
were  photo^^'raphed,  and  the  curves  ou  comparison  were  found  to  he 
practically  identical.  It  may  tliertfore  be  regarded  as  definitely  estab- 
lished that  phloroglucinol  from  whatever  source  obtained  has  always  the 
same  structure. 

On  comparing  the  spectra  of  phloroglucinol  with  those  of  the  trimelliyl 
ether,  M.F.  52%  uie  resemblance  between  them  was  found  to  be  so  cloae  as 
to  leave  no  doubt  as  to  the  enolic  structure  ol  phloroglucinol,  nasnming 
that  the  ether  itself  possesses  this  structure. 

Furth^'rmore,  the  resemblance  is  so  close  that  it  is  impossible  to 
suppose  that  tlic  phloroglucinol  contains  any  appreciable  quantity  of  sub- 
stance with  a  ketonic  structure.^ 

Both  phloroglucinol  and  its  triuiethyl  ether  show  a  selective  absorp- 
tion, the  absorption  band,  however,  not  being  strongly  marked.  It  phloro- 
glucinol  possessed  the  ketonic  structure  the  absorption  band  would  be 
entirely  absent  since  diketohexamethylene,  a  substance  ol  similar  straetars 
to  the  ketonic  derivatives  of  phloroglucinol,  shows  only  general  abeorpfeioB.' 

00  I 

CH, 

\/ 

CO 

DiketohezametUyleue. 

On  the  other  hand,  the  presence  of  an  absorption  band  is  charaeteristio 

of  substances  having  the  true  benzenoid  structure;  confirmation  of  this- 
conclusion  is  afforded  by  the  great  similarity  which  exists  between  thd 
plectra  of  phloroglucinol  and  those  of  pyrogallol,  a  substance  which 
exhibits  no  ketonic  reactions.^  The  spectra  of  pyrogallol  were  described 
by  Hartley  and  Huntington,"^  but  as  the  method  of  reprtfeentation 
employed  at  that  time  was  different  from  that  now  adopted,  we  have 
rephotographed  the  spectra  and  redrawn  the  curve  to  facilitate  comparison 
with  phloroffludnQL  For  the  same  reason  we  include  in  this  paper  ao 
account  of  &e  re-examination  of  the  absorption  spectra  of  phmioL^ 

>  JBer.,  19,  2186. 

•  Ck^,  Soe.  TnM$.,  1899,  T9,  640;  1900,  77,  889. 

•  Ibid.,  1898,  78,  598. 

*  Bacyer,  Her.,  19,  10:5. 

»  Hartley  and  Huntington,  Phil.  Traru.,  Part  I.,  1879,  257, 

*  Hartley  and  HsntiDgton,  200.  oU, 
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We  have  also  rephotographed  and  remeasured  the  absorption  spectra 
of  quinol,  resorcinol,  and  pyrocatechol,  which  were  described  by  Hartley 
in  1888.'  The  aj^reement  between  the  new  and  old  series  of  measure- 
meDts  is  so  close,  although  taken  from  |>hotographs  of  the  spectra  of 
diflbrent  preparatuMis  and  photographed  with  dftemit  iostromeot^  after 
an  interval  of  fcmrteen  years,  that  we  have  not  thought  it  neeeauiy  to 
repeat  an  aoomat  of  them  in  thia  paper. 

On  comparing  the  mono-,  di-,  and  tri-hydroxy- derivatives  it  will  be 
observed  that  while  the  spectra  of  the  mono-  and  di- derivatives  agree 
very  closely,  those  of  phenol  and  pyrocatechol  being  almost  identical,  the 
spectra  d  the  tri-hydroxj-derivatiTea  differ  from  the  othera  in  ahowing 
leaa  general  absorption  and  in  having  the  absorption  band  mvoh  leaa 
diatinotly  marked. 

Experimtntal  Part, 

PJUoroglwitiol. — The  specimens  of  phloroglttcinol  which  we  examined 
were  obtained  from  five  different  sources. 

( 1 )  Specimens  prepared  from  kino  were  obtained  from  Merck  and  from 
Schndhardt.  Both  preparations  were  supplied  to  us  in  beautiful  scaly 
crystabi  which  were  practically  colourless,  and  behaved  in  exactly  the 
same  way  when  lieated  side  by  side.  They  were  reorystaliised  repeatedly 
from  water  before  being  photographed. 

(2)  Commercial  phloroglucinol,  prepared  by  Schuchardt  from  resorcinol, 
waa  purified  hf  the  method  given  by  Will*  ami  Skranp.*  The  purification 
waa  completed  hf  boiling  with  eharooal  and  crystallising  repeatedly  from 
water.  The  specimen  was  then  tested  for  diresorcin  by  dissolving  in 
concentrated  sulphuric  acid  and  heating  the  solution  in  the  water-bath 
with  acetic  anhydride.  No  violet  coloration  was  produced.*  All  the 
specimens  of  commercial  phloroglucinol  used  in  the  course  of  this  investi- 
gation were  purified  by  the  above  method. 

(3)  Phloroglucinol  was  prepared  from  the  tricarboxylic  ester  by 
fiuion  with  potaasiam  hydroxide.^  The  specimen  obtained  by  thia  method 
crystallised  very  readily  in  beautiful  plates,  whioh,  after  being  reciyatalliied 
several  times,  had  the  correct  melting-point. 

(4)  The  method  p^ven  by  Barth  and  8chred«'r''  was  employed  in  the 
prep)aration  of  a  fourth  specimen.  Phenol  was  melted  with  six  times  its 
weight  of  sodium  hydroxide,  and  heated  until  the  evolution  of  hydrogen 
csaMd.  The  fused  mass  waa  addified  with  dilute  sulphuric  acid,  and  the 
phloroglucinol  extracted  with  ether.  The  yield  d  phloroglucinol  waa 
small.  So  far  as  we  could  detect,  its  properties  were  identical  with  those 
of  the  other  specimens  which  we  examined.  It  melted  at  the  .same  t-em- 
perature  as  the  specimens  from  kino  when  the  determinations  were 
carried  oat  aide  by  side.  Its  absorption  spectra  were  alao  identical  with 
thoae  of  the  specimens  from  kino.  as  stated  by  Qautier,^  an  isomer  of 
phloroglucinol  is  obtained  by  fusing  phenol  with  soda,  it  is  certain  that 
phloroglucinol  is  likewise  one  of  Ihe  products  of  the  reaction. 

(5)  A  fifth  specimen  was  prepared  from  maclurin  by  fusion  with 
potiissiurii  hydroxide  according  to  the  method  described  by  Hlasiwets 
and  Pfauadier.'* 

»  Ckem.  Soc.  Tram.,  1888,  68,  641.  *  Ber.,  18,  1328. 

•  MmatihefU,  10.  724.  «  Uerzig  aud  Zei^el,  M^natihefte,  1890,  11,  421. 

»  Baeyer,  Ber.,  18,  3454.  •  Ber.,  1879,  18.  417. 

'  Ml,  899,  CBUm.,  U,  686.  •  An^  187, 961. 
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The  absorption  spectra  of  aqueous  solutions  of  the  speciniens  of 
phloroglucinol  descrit>ed  above  were  photographed,  and,  on  comparison, 
found  to  be  identical.  The  measurements  were  actually  taken  and  the 
euro  drawn  from  the  photographs  of  th#i  apeeiineik  prepared  from  reeoran 
and  purified  by  Skranp's  method. 

A  layer  50  mm.  tldek  of  a  eolatkm  eomtaining  1  milligram  moleenle  in 

Currn  €f  Mokouh/r  VihratitmM,-^(X)  Phloxoglaclnol ;  (2)  Mmefhjlpblorogliiclnol. 
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20  c.c  water  absorbs  all  rays  beyond  ^/\  3323  (X=3009),  while  a  layer 
5  mm.  thick  of  the  same  Bolation  absorbs  all  rays  beyond  ^/X,  3568 
(A=2802). 

The  absorption  band  is  nut  strongly  marked  :  it  appears  iirst  in  the  layer 
1  mm.  thick|of  the'^eolntimi  containing  1  miDlgram-molecnle  in  20  e.o. 
water,  and  nearly  dies  out  in  the  layer  2  mm.  thick  of  the  sc^ntioii  oon- 
taining  1  roilligram*moIeculo  in  100  c.c,  although  its  position  is  still 
distinctly  tnujeable  by  the  weakness  of  the  qpectra  in  solutions  ol  greater 
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dilution.  The  absorption  spectra  of  phloroglucinol  in  aqueous  and  alcoholic 
solutions  are  identical. 

Plilaroylucinol   triimthyl  ether. — This  compound  was  prepared  by 
tatnratiii^  a  sdution  of  pure  pUoroglucinol  in  methyl  alcohol  with  hydro 
chloric  acid  gas,  and  sumequently  treating  the  dimethyl  ether  lo  ol>tained 


Cnrrei  of  Moleeuiar  Vikraii(nUi—(S)  Pyiogallol;  (4)  Fhenot 

I   t  3  4  5  6  7  S  a*^l   2  3 14  6   8   7  •  9^^%   2  3  4  S  6 

'  I '  1 '  \  1 1 '  '  '  I  '  '  I '  I '  I  il '  I '  I '  I '  I ' 1 '  I '  1 '  I '  h  I '  1 '  I 


vith  methyl  iodide  and  potassium  hydroxide  dissolved  in  methyl  alcohol.^ 
Ihe  product  is  an  oil  which  quickly  solidifies  to  beautiful  cdourlesB 
prisms,  M.F.  52-5°. 

The  spectra  of  this  substance  in  alcoholic  solution  were  photographed, 

Rnd  the  compound  itself  was  afterwards  recovered  from  the  alcoholic 
solution  and  found  to  he  unaltered.  The  spectra  are  practically  identical 
with  thoiie  of  pklorogluciuo],  ixa  will  be  seen  from  a  comparison  of  the 
meosuremente  and  curves. 

>  WiU,  Ber.,  SI.  603. 
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Pyroyallol. — A  specimen  of  pyrogallol  obtained  from  Schuchardt  was 
purified  by  crystallisation.  It  melted  at  132-134°.  It  was  photo- 
graphed in  .njuoous  solution,  and  gave  spectra  very  similar  to  those  of 
phloroglucinol ;  ihe  amount  of  general  absorption  is  slightly  greater  ;  the 
.  abeorptioiL  band,  which  occupies  the  same  positum,  is  somewhat  narrower, 
and  dies  oat  at  the  same  degree  of  dilation  as  in  the  oaae  of  phloro- 
glacinol. 

Pheiiol. — The  specimen  employed  was  prepared  from  the  purest  sali- 
cylic acid  by  distillation  with  lime,  B.P.  182°.  The  salicylic  acid, 
•  physiologically  pure,'  was  kindly  presented  for  the  purpose  of  this  inves- 
tigation by  Messrs*  Burgoyne,  Burbidges,  and  Co.  It  has  been  shown  by 
^urtlej  ^  that  the  natural  salicylic  aci^  and  that  prepared  by  Klobe's  pro- 
cess bat  purified  by  recrystallising  the  calcium  salt  and  separating  the 
acid,  are  identical  in  physical  and  chemical  properties. 


FRtoBoaivoaroK. 
C«H,(0H)3  [1:8: 5].  M.P.  210-217*. 

Prepared  from  re^orcin  and  purified  by  UkraupA  method. 
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Absorption  band  

Lines  showing  in  absorption  band  at  . 
Weak  spectnira  transmitted  from  . 
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Spectrum  practically  continoous  to 
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>  Hartley,  Ckem,  Sk,  2Wmi#..  1888,  U,  664. 
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C,n,(0  CH,)5  [1:3:6].    M.P.  62*. 
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Pi'KOGALLOL. 

CeH,(0H)4  [1:2: 3].  M.P.  ia2-134^ 
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PTBOOALLOL— M«<i«lfMi. 
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PabT  H. — 07t  tlu-  Curves  of  Molecular  VUbratuyM  of  QmMne^ 
^^UfMO-pkenolf  and  nmHariy  derived  Subtkmcee, 

The  absorption  spectra  of  qumone,f)-nitroso-phenol  (quinonoxime),  have 
recently  t n  investigated  by  Messrs.  Hartley,  Doh})ie,  and  I^auder,  not 
onl^  with  a  view  to  obtaiuiug  iuformatiou  on  the  &>ubject  of  the  consti- 
totum  of  theee  safafltonoes  u  lepreaented  by  the  diffevaot  fonnnle  which 
have  been  proposed  for  them,  but  ahm  to  determine  whether  there  was  any 
special  character  in  the  absorption  curves  of  substances  of  the  quinone 
t^pe  common  to  and  distinctive  of  all  coloured  substances  and  dyes, 
which  could  be  conceived  to  he  connected  with  some  ])eculiiinty  in  their 
structure.  There  are  some  features  which  the  three  absorption  curves  of 
quinone,  p-nitroso-phenol,  and  quinone  diozime  show  in  eommon,  and 
o-nitroso-phenol  appears  to  stand  in  an  intermediate  position  between  the 
other  twOk  It  may  be  the  case  that  in  a  substance  with  sach  a  oonstitation 
as  that  represented  by  the  following  formula  the  oxygen  Is  so  condensed 

O 


in  the  molecule  that  it  forms  a  new  kind  of  ring  which  possesses  special 
absorption  properties  resembling  a  modification  of  the  benzene  nucleus,  but 
differing  chiefly  in  the  greatly  increased  intensity  of  the  absorption. 

If  mh  a  stmetaral  eonetitatioii  le  a  redity  the  fsots  in  support  of  it 
have  yet  to  be  disoovered.  On  the  other  hand,  the  fbrmnUe  for  quinone 
wuay  very  well  be  written  In  a  manner  similar  to  that  of  ozone,  a  sttbstance 
which  i^ivps  both  a  general  and  a  selective  absorption  of  a  powerful 
character,  and  which  poBsesaes  a  deep  blue  colour.   If  one  atom  of  oxygen 

in  ozone  q___q  be  replaced  by  the  l)enzene  residue  CqH^  we  have 
quinone  as  represented  according  to  the  peroxide  formula 


In  point  of  fact  the  peculiarity  of  the  quinone  absorption  curve  is  that 
it  contains  two  broad  absorption  bands  shown  at  different  stages  of 
dllntian,  and  If  we  compare  the  curve  of  phenol  with  that  of  quinone,  and 
also  with  the  absorption  spectrum  of  ozone,  we  perceive  how  the  atoms  of 
oxygen  have  modified  the  spectrum  of  the  phenol.  There  is  this  much  of 
similarity  between  them,  that  if  we  can  suppose  benzene  and  ozone  to  be 
exerting  a  mutual  action  on  their  molecular  and  intramolecular  vibrations, 


Digitized  by  Google 


108 


REPORT— 1902. 


and  then  form  a  judgment  from  wbat  has  been  observed  m  to  tlie  efibet  o£ 
■nbstltalaon  in  the  benzene  ring  in  a  large  n amber  of  instances,  we  can 

conceive  of  the  change  in  their  combined  spectra  resalting  in  a  curve 
not  dissimilar  from  that  of  quinone,  the  benzene  reeidue  C^H4  being 
united  to  O.,,  as  in  the  precedinjj;  formula. 

The  following  alternative  formulae  have  been  proposed  for  jp-nitroso> 

Shenol,  quinone,  and  the  related  esbetanoes  qninone  chlorimide,  quinone 
icUoriinide^  and  quinone  diozime.  The  chemical  aiguments  by  which 
theM  alternate  fbrmoUs  aie  supported  are  sufficiently  well  known ;  they 
are  geneiaUy  regarded  as  inconolusiTe. 


II. 


III. 


jp-Nitroso« 
phenol 


H 


O 
I 

N.OH 
O 


Quinotip 
Chlorimidt 


NCI 

o 

CI 


Quinono 
Dichlorimide 


C.H 


XCl 
CI 
MCI 


Quinone 
Dioxime 


c.h/ 


KOH 
OH 
NOH 


Quinone 


< 


o 


If  tho  fonnuln'  TT.  aro  accej'ited,  the  substances  have  the  beiizonoid 
structure  ;  whereas,  if  the  fonnuh-r  ITT.  are  accepted,  they  all  contain 
partially  reduced  benzene  nuclei.  So  far  all  the  substances  containing 
partially  or  completely  reduced  nuclei  ^  which  have  been  examined  differ 
from  those  containing  unreduced  nuclei  in  giving  absorption  spectra  whidi 
show  no  bands  ;  t.«7.,  they  behave  like  open  chain  compounds.  If  this  rule 
is  of  general  application,  and  if  we  assume  that  nitroso- phenol,  quinone,  ibc, 
are  correctly  represented  by  formula-  III.,  they  should  show  only  general 
absorption.  But  as  a  matter  of  fact  the  spectra  of  all  the  bodies  show 
well-marked  absorption  bands.  Their  spectroscopic  examination,  therefore, 
favours  the  peroxide  rather  than  the  ketonio  theory  of  their  constitu- 
tion. 

On  comparing  the  curves  of  the  various  substances  with  one  another, 

it  will  be  seen  that  there  is  a  considerable  amount  of  agreement  between 
the  curves  of  quinone  dichloriniidc  and  quinone  dioxime,  and  between 
those  of  quinone  chlorimide  and  quinone  dichlorimide,  the  differences 
between  them  being  such  as  were  to  be  anticipated  from  the  differences 
in  their  composition. 

The  spectra  of  quinone,  on  the  other  hand,  di£^  widely  from  the 
others,  and  it  is  impossible  in  the  present  state  of  our  knowledge  of  the 
subject  to  say  whether  this  difference  is  due  to  the  difference  in  composi- 
tion or  to  some  structural  difference.  We  had  hoped,  from  a  comparison 
of  the  spectra  of  quiuuue  chlorimide  and  />-uitrusu-phenul,  to  be  able  to 


■  Hartley,  Ckcm.  Sjc.  Trant.,  18^5,  47,  685  \  Hartley  and  Dobbie,  ihid.^  1^00, 
97,846. 


Digitized  by  Googic 


ON  ABSOBFnON  SPSgTRA  AHD  CflBMICAL  COMSTinmOlf.  109 


decide  with  ct  rtHUity  as  to  whether  the  constitution  of  the  latter  sub- 
stance should  be  represented  by  the  formula  I.  or  II.  If  it  diilerg  only 
from  qniiume  ohlorimide  by 

Cvrveit  of  MohrvUir  Vihraiiont.—  {o)  QuioODO 


the  nibititiitum  of  OH  for 
C9,  we  should  expect  at  least 

as  close  a  resemblance  be 
tween  the  spectra  of  the  two 
bodies  as  between  the  spectra 
of  quinooe  dioxiuie  and 
qomonedichloriinide,  seeing 
wet  the  difference  in  both 
cases  would  consist  merely 
in  the  substitution  of  OH 
for  CI.  Th-'  ilitirrence,  how- 
ever, ib  considerably  greater 
in  the  one  case  than  in  the 
other,  as  will  be  seen  by 
reference  to  the  diagrams. 

Tliough  we  do  not  re<rai  d 
the  evidence  as  conclusive, 
we  are  of  opinion  tliat  it 
does  not  favour  the  repre- 
sentation of /)-nitr06o>phenol 
hy  a  formula  analogous  to 
that  of  quinone  chloriniide. 

Till'  chemirnl  properties 
ot  quiuone  are  as  much 
those  of  a  peroxide  as  of  a 
ketone  ;  for  instance,  under 
the  influence  of  sunlight  it 
oxidises  alcohol  to  aldehyde, ' 
whi?^  it  undergoes  reduction 
to  quinol. 

In  like  manner  it  oxidises 
isopropyl  alcohol  to  acetone. 
It  acts  upon  polybydric 
aliphatic  alcohols,  pradncing 
sugar-like  substances,  such 
as  were  obtained  by  E. 
Fischer  by  the  action  of 
alkaline  hypobromites  ;  for 
instance,  nom  mannitol  is 
obtained  mannitoae. 

Sxptarimmtal  Part, 

Quinom, — The  specimen 
of  quinone  which  we  ex- 
am in  e<l  was  prepared  in  the 

usual  way  by  the  oxidation 
ot  aniline.  The  absorption 
spectra  of  its  aqueous  solu- 


ScaZr  ct  OscUCaCuxri  frtqumtxe^ 

■  »      ■■■■■         -  —  *  ■  

aeSOWi 


Ciamiciau  and  SUber,  ^«r.,  IdOl,  M,  1360. 
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tion  ehows  two  well-marked  absorption  bandi.  The  fint  band  appeM 
in  the  layer  five  mUlimetiei  Oiiek  of  the  aohitioii  eentMHiiig  one  nuUigFain- 
moleeiile  in  100  cc.  water. 

The  second  band  firatappears  in  the  layer  two  milliniotros  thick  of  the 
solution  containing  one  milligram-moloculo  in  500  c.c.  wat€r,  and  is  still 
distinctly  traceable  in  the  layer  three  uiilliraetres  thick  of  the  solution 
containing  one  milligram-molecule  in  12,500  c.c.  water. 

^-Nitroso-phenol. — ^This  siihstanoe  waa  prepared  hj  the  action  off 
mtnmaacid  on  phenoL  The  absorptbn  qiectra  of  aloohoUo  aotnttooa 

C^rvuif  IMseuUr  m«wliMa^6)  jf-Nitraso-phenoL 
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were  photographed.   The  general  absorption  is  ooosideEably  gresitsr  than 

in  the  case  of  quinone  dichlorimide. 

The  layer  two  millimetres  thick  of  the  solution  containing  Tone 
milligram-molecule  ia  100  c.c.  absorbs  all  rays  beyond  2500  (A.  s 
3996^. 

In  the  layer  four  nnllimetres  thick  of  the  solntioneontainiqgonemiUi- 
gram-moleoule  in  600  cc  the  spectrum  ia  transmitted  to  ^714 

(A  =  3684). 

At  this  dilution  a  wide  absorption  band  begins  to  appear,  wliich  is 
still  traceable  in  a  layer  one  millimetre  thick  of  a  solution  containing  one 
milligram-molecule  in  2,500  c.c. 

A  second  less  persistent  ahsovptioii  band  lying  between 
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(\  =  2573)  and  '/X  4321  (X  =  2314),  appears  iho  layer  three  niillimetreg 
thick  of  the  solution  containing  one  milligram -molecule  in  500  c.c,  nnd 
hfis  nearly  disappeared  in  the  layer  two  millimetres  thick  of  the  same 
bolution. 

Quinone  ehlor%mid«, — A  Bpedmen  of  this  sobBtance  was  obtained  by 

reducing  ;7-nitn»<phenol  with  tin  and  hydrooblorio  acid,  and  afterwards 
^fliaifig  the  ^amido-phenol  thus  obtnincxl  with  an  aqueous  solution  of 
bleachinf^  powder.  Thp  f,'olf1f>Ti  yellow  crystals  melted  at  85'^.  Thf 
absorption  spectra  were  photogi  ij  lit  l  in  alcoholic  solution.  The  general 
absorption  ia  considerably  less  tiiau  ui  the  case  of  nitroso-phenol ;  a  layer 

I  (hartes  of  JUolecitiar  Vibratioiu. — (7)  Quinone  Chlorimide. 
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two  millimetres  thick  of  a  solution  containing  one  milligram-molecule  in 
100  ex.  absorbs  all  rays  beyond  VX  2884  (X  =  34G7). 

In  the  corresponding  layer  of  the  solution  containing  one  miUttnun- 
molecule '  in  500  C.C.  the  spectnim  is  transmitted  to  3148  (s  3176), 
beyond  which  the  rays  are  absorbed  up  to  * /A  4321  (X  =  2314). 

The  absorption  band,  which  begins  to  appear  at  this  dilution,  can  still 
be  traced  in  the  layer  three  millimetres  thick  of  the  solution  containing 
one  miUigram-molecule  in  12,500  c.c. 

Quinane  cftoxtme.— This  substance  was  prepared  by  the  action  of 
hjdroaEjlamine  hydrochloride  on  hydroqoinone. 

It  melted  with  decomposition  at  240^.  Its  absorption  spectm  in 
nlooliolic  solution  me  photographed. 
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A  layer  two  millimetres  thick  of  a  solution  containing  one  milligram* 
molecule  in  100  c.c.  transmits  the  spectrum  to  '/^  ^744  (X  r=  3G44),  beyond 
which  point  there  is  complete  absorption  to  '/X  4321  (X=:  2314). 

The  absorption  band,  which  hecjins  here,  is  very  well  marked  and 
persistent,  being  btili  traceable  in  a  layer  three  millimetres  thick  of  a 
aolvtlim  contaimng  one  miUigFam^molecule  in  12,500  c.c. 

Quinone  dichlorimide. — This  substance  was  prepared  from  the  hydro- 
chloride of  /7-phenylene  diamine  by  oxidation  with  bleaching  powder.  It 
decomposed  at  124''.  I(«  abeorptioii  spectra  in  alcoholic  solatioii  were 
photographed. 


Curva  qf  Molecular  Viiratwiu. — (8)  Qaiiione  Dichlorimide. 
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A  layer  two  millimetres  thick  o£  the  solution  containing  one  milligraiu- 
molecule  in  100  c.c.  alcohol  transmits  all  la^a  to    \  2765  (X  =  3612). 

The  absorj^tioB  hand  first  siakefl  its  appearance  in  the  layer  three 
millimetres  thick  of  the  solution  containing  one  mil]]gram*moleoide  in 
500  C.C.,  and  can  still  be  traced  in  the  layer  three  millindeties  thick  of  the 
solution  containing  one  milligram-molecule  in  12,500  c.c. 

The  amount  of  general  absorption  is  very  nearly  the  same  as  in  the 
case  of  quinone  dioxime,  but  the  absorption  band  does  not  make  its 
appearance  so  soon  and  is  not  so  wide,  although  it  is  as  persistent  as  the 
band  of  the  dioxime. 
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QiriKOHB, 


Thicknesa  of 
Uf  er  of  liquid 
in  mtUinetrat 
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Patoripiion  oi  Spectrum 
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4  and  3 
2  and  I 
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Speefcmm  oontinmoiu  to 
Irt  Ahifrption  band 

Bays  feebly  transmitted 

Speotnim  oontkonaoM  to 
lit  AiiorpHon  hand 

Raya  feebly  transmitted 

tipectrum  continaous  to 
lit  Abmnpiim  hamd 

Rays  transmitted  . 

Spectrum  pmctioally  continuous 

Btui  weak  in*  poiitlo&  of  abnip- 

tion  band. 
Spectrum  continuou  to      •  • 

Speotrom  oontinvoiis  to 

»•  .  . 
Sod  AhmfpHm  htnd  . 

Line  at . 

Spectrum  continaoui  to 
2nd  Absorption  hand    •  • 
Speotrom  tnosmittod  • 

1  miUiffram'VioUcule  in  2,500  c.c.  rcater. 

Spectrum  continuous  to 
2nd  Absorption  band 
Baye  tnasmltted  • 

Spectrum  continuous  to 
2nd  Absorption  band 
Bays  transmitted . 

Spectrum  rontinflOM  tO 
2nd  AhtoTption  band    .  • 
Rays  transmitted .  . 
Speotrom  oontlnoooa  pnotloaUy 

to  

8tiU  very  weak  in  position  of 
absorption  band. 

1  miUii^raM^moleouU  in  12,500  o.c.  water. 

Bpedrom  praotioaUy  oootimioiis 
to     .      •      .      «      «  » 

btill  very  weak  in  position  of 
abio^ion  band  No.  8. 

Same  as  6. 

Spectrum  pnoUcally  all  tians- 
mitted. 
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Spectrum  practically  all  tranfimitted  ; 
still  weak  in  position  of  absorption 
band. 

3896-3886 

3886-4530 

3895.3816 
j  3816-4630 
1  8888 

3388.8816 

3816-4656 
3323 
1  8818.4881 

3521-4668 

i 

3034 
8084-8678 

CO  f  «> — ZZvl  1 

3034-2680 

8009 
3009-8680 
2620-2 196 

.H009  • 
8008Un40 
8840-8147 

1  miUiffran^mohtntle  la  12,500  c.c.  alcokoL 

5,  4.3 

2,1 

Spcctram  practically  all  transmitted; 
still  weak  in  poaltion  of  absorption 

band. 

Continaous  spectrum  transmitted. 

1 
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QUINONE  DiOXIME. 


TUekaew  of 

layer  of  lianid 
in  nuUimewM 

OiMciplidii  of  SpMlnuB 

1 
A 

j 

X 

8S1 

80 

IK 

» 

SpttAiwn  ooDtinnoiifl  to      •     «  • 

2354 

4248 

K 
D 

A 

t»            t»           .     •  . 

2503 

• 

»•               n             .      »  . 

2545 

3929 

M                           ft  ... 

2673 

3741 

1  viilligram-molrcule  in  100  CO,  alcohffl. 

6 

Spectrum  coqUquoos  to 

2673 

8741 

8 

1 

»              I*            .      •  . 

2714 

3684 

8 

11  ... 

2744 

8644 

Absorption  band  

2744-4321 

3644  2314 

RajB  transmitted  .... 

4321-4413 

2314 

1 

Spectrum  continiioilf  to    .      .  . 

27G8 

HG12 

Abmrption  band  ..... 

2766-4243 

3612-23M 

Bays  tnuumiUed  from 

4248^13 

8866.8866 

6 
4 
8 
8 
1 


6 
4 

3 
2 
1 


from 


1  miiUgram'WuiUeule  fa  600 

Spectram  ooDtifiiioiu  to 

AbiLrrption  band    .       .  . 
Ilays  transmitted  from 
Spectrum  coutinugus  to  . 

Absorption  band  . 
Bays  trdnsmitted  from 
Spectrum  contiououA  to  . 

Absttrptt^  ttmd 

Rays  transmitted  from 
Spectrum  continuous  to  . 

AhmrptUm  hand 

Rays  very  feebly  transmitted 
Bpectmm  continuous  to 

Absorption  band   .  ... 
tuMBiltted  fttm 

1  wffllfwew  eMtowtto  lit  8,600 

Spectrum  oontinnoaa  to 
Abtorption  band  . 
Bays  transmitted  from 
Speotnun  eoQthraotui  tQ 

Ah.<or]>tion  band  . 

Riys  transmitted  from 

Spectrum  continuous  to 
Absorption  band 

Rays  transmitted  from- 

Spectriun  continuous  to 
Abmrption  hand 

Rays  transmitted  from 

Speotnun  oontinuous  to 

Rays  transmitted  from 
(Spectram  nearly  «11  tmnsunitted.) 


OJtm  I 


8768 

8618 

8766-4843 

8612-2356 

4243-4413 

2356-2266 

j  2768 

3612 

2768-4112 

3612-2431 

4112-4534 

2431-2205 

2791 

3582 

8791-4112 

3688-8431 

4112-4555 

2431-2195 

2791 

3582 

8781-8886 

8888JM7S 

8686-4656 

2673-2147 

2884 

3467 

8664-3884 

3467-8615 

8884-4666 

8616-8147 

eJML 

2884 

3467 

2684-3824 

3467-2615 

8824-4666 

2616-2147 

8864 

8467 

2884-3636 

3467-2748 

3638-4656 

2748-2147 

2982 

3363 

2982-3681 

3863-2840 

i  3521-4656 

2840-2147 

3063 

3264 

8088.8470 

3864-2881 

8470-4056 

2881-2147 

3148 

3176 

S17U8I4 

8896.4666 

i 

8084-8147 
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Quixoni  Bioxnn— «f  jiiinMil. 

ThickneBs  of 
layer  of  liquid 
in  iiiillimetrea 

DMctiption  of  SpootmiD 

1 

k 

1  wtilUgnm-moleeule  In  12,600  a0.  aSeoM. 

6 

4 

S 

Spectrum  continiuniB  to    .  • 

JxvBUTJflXOn  Ount*     .          .          •          «  ■ 

Rays  transmuted  from 
(Spectrum  nearly  all  transmitted.) 
Spectrum  practically  all  transmitted ; 

still  weak  in  position  of  absorption 

band. 

Spectrum  practically  all  transmitted ; 
still  wealc  in  position  of  absorption 
band. 

Spectrum  an  tmnimitted  . 

82U5>4656 

ni76 

8176-3084 

303I-2U7 

Qvnron  Biohiobimidb. 

0,H,N,C1,.  MJ».m^ 

Thickness  of 
Iftyer  of  liquid 
in  millimeires 

DMcriptioo  of  Spaetnni 

1 

X 

X 

1' 

2 
1 

1} 

8 
2 
1 


1  miUigram-molecuU  t»  100  c.e.  alcohol. 


5 
4 

8 


Bpectnim  ooatiiraoiu  to 

•       •  • 

2630 

3802 

•       •  • 

2714 

3684 

H  It 

•       ■  « 

2768 

3612 

n  If 

•       •  • 

S79ft 

8677 

1  miUifram*maleimle  im  BOO  ex»  alookoL 
Spectrmn  continnoiis  to  • 


Absnrptwn  hand  . 

Kays  very  faintly  transmitted 
Speotram  oontianoiM  to  . 

Ahaorptioi!  hand    .       .  , 
Feebly  transmitted  . 
Spoulfiim  oootintioiu  to 

Absorption  band    .       ,  . 
Bays  tmnnmitted     •  « 


1  mttUgnm'mknile  in  9,600  e.e. 

Speotram  oontfinioin  to 

Absorption  band    .       ,  , 

Rays  transmitted 

Spectrum  continuoos  to 

Absorption  band   .      ,  , 

Rays  transmitted      .  . 

bpcctnmi  continuous  to 

AbsorfUmhtmd  .      •  . 

Ba}»  tenumfttod     %  » 


2796 

3677 

3407 

2884-8834 

3467  2616 

3824-4128 

2610-2422 

2982 

8868 

2982.3824 

3353-2615 

3824-4414 

2615-2265 

9047 

3281 

8047-3638 

3281-2748 

8G38-4639 

2748-2203 

dleoM, 


I  8047 
8047-3638 

'  3638-4539 
3064 
3064-3638 

3638-4539 

ao64 
806i-«ft21 
3621-4666 


8281 
3281-2748 

2748-2203 

3263 
8863-2748 

274J<-2203 
3263 


2840-2147 
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QuiHONK  DionLOBtMiDK — continved. 


ThickneflR  of 
lavi  r  of  lirinid 
ia  miilimelres 


Dtiiiriptinn  d  Oywttuin 


2 
1 


1 

A 


3 


I) 


Spectnun  oontiiiQons  to   t  • 

Ahforjitiou  hand  .  •  •  .  • 
Rays  traoBmitted  ...» 
8p60tiuiii  oontlinioat  to  • 

Abtorption  band  

Baiu  le^ly  tEiDBmiUod  in  band  at  . 

aod 

Speeferam  tnuuRBitttd 

1  milliffram-nwlecule  in  12,500  c.c.  a 

Spectrain  oontinaooB  to    .      .  . 

Aburptum  band  

Bays  fedl>ly  tranamitted  in  band  at . 

aod 

Rajs  tnmtnittad  .  .  .  . 
Bpectmm  ooBtfamona  to   .  . 

AbicrptioH  bmmd  

BajB  tcaBMnitted  at  .      •      .  . 

and 

Rays  transmitted  .... 
Spectrom  practically  all  transmitted  to 
Bat  still  very  weak  ill  pcuritioii  of 

absorption  band, 
bpectrum  all  transmitted ;  still  weak 


3064 
8064-3491 
8491-4656 

8148 
3148^471 
.3296 
3323 


13471  to  468619881  to  2147 


3263 
8863-2864 
2864-2147 

8176 
3176-8881 
3034 
3009 


8148 

8148-8471 

3295 
3323 
3471-4G56 

314H 
8148.8478 
8286 
3323 
3471-4656 
.  4666 


8176 

8176.8881 

3031 

3009 
2881-2147 

•M7G 
8176-2881 

3034 

3009 
2881-2147 

2147 


lastly,  it  may  be  lemarked  that  in  the  report  for  1899,  p»  846,  thmam 

mne  brief  obserrations  on  the  origin  of  eolonr  and  on  fluorMcence,  whioh 
give  a  physical  explanation  of  the  cause  of  colour  in  a  hydrocarbon ; 
the  observations  are  illustrated  by  reference  to  the  constitution  of  triphenyl 
methane,  a  compound  without  any  xngihle  colour ;  of  anthracene,  wliich 
in  the  state  of  greatest  purity  is  faintly  coloured  ;  and  to  bi-dipheuylene 
ethylene,  which  is  strongly  coloured  red.  It  would  be  dtffioolt  to  Mooimt 
for  theie  oolonred  rabetuiees  by  amming  a  partunUar  stmeture  for 
<{iiinoiifl^  aaid  further  assuming  that  all  ccdonred  labstanoes  and  dyes  had 
a  structure  'similar  to  that  of  quinonf.  Tn  connection  with  this  subject 
reference  may  be  made  to  some  recent  work  of  v.  Baeyer  and  Villiger  on 
dibenzylidene  acetone  and  triphenyl  methane.'  They  refer  to  the  constitu- 
tion of  colourless  substances  which  form  highly  coloured  salts,  and  term  the 
phenomeiiOBAajbeAffvniwm.  ThecoloariBnofediietoaqfttiiumoidooiistitatioin 

.0 


for  it  la  e^en  ahared  by  triphenyl  methane ;  and,  farkhermore,  tbeae  acetone 
derivatires  are  oonatitatea  Sn  an  esiontially  diiforent  manner  from  that  of 
quinone  and  of  the  djea  and  eolonred  snbetanoea  fotmnlated  upon  a 
■imilar  tjpical  straetiue. 

>  nr  r,.  1902, 86, 1188ul801;  also  C,  Soe.  J.  AMf^  1908,  vol.  L  pp.  112  and  880, 
June  1902. 
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Hydro-aromaiic  Compounds  with  Single  Xiicleiu^ 
By  Abtbur  W.  Cbo68LBY,  D^fc,  Fh.D. 
[Orderad  bgr  tht  GeiMnl  Oommlttee  to  be  prlntad  inettmm.} 

Wbbn  hydrogen  is  adiMonto  bteasne,  di-,  tetnt-,  andhfizft-liydiobeiiniie 
are  obtained,  and  it  has  tieeome  cnstomary  to  oonsideraU  homologiMB  and 
derivatives  of  the  three  above-mentioned  hydrooarboos  under  the  name 

•  hydro-aromatic  compounds.' '  It  is  only  of  comparatively  recent  years 
that  those  bodies  have  been  much  investigated,  stimulus  to  research  being 
fouud  in  a  knowledge  of  the  fact  that  many  groups  of  naturally  occurring 
sabstances  stand  in  the  closest  relatiomtbip  to  the  hydro-aromatic  bodies, 
notably,  the  terpenes  and  eampliors,  and  the  hydrooarbons  of  petroleam. 

Strictly  q»eaidng,  hydro-aromatio  bodies  do  not  come  under  the  heading 

*  aromatic  compounds  ' ;  for  as  soon  as  two  hydrogen  atoms  are  added  on 
to  the  benzene  ring  the  peculiar  system  of  linkage  which  provides  the 
characteristic  aromatic  properties  is  destroyod,  and  the  resulting  bodies 
eichibit  the  chemical  behaviour  of  unsaturated  aliphatic  compounds  (com- 
pare p.  ISl).  This  remains  true  when  four  hydrogen  atoms  are  added 
to  benzene,  and  when  six  hydrogen  atoms  ,  are  added  there  result 
hexahydrobenzene  derivatives,  which  are  almost  identical  in  chemical 
deportm»^nt  with  the  saturated  aliphatic  compounds. 

In  such  a  brief  communication  as  the  present  it  has  been  found 
impossible  to  deal  with  the  enormous  amount  of  recent  work  on  the 
terpenes  snd  camphors,  and  therefore  the  subject  has  been  avoided; 
but  in  this  report  an  attempt  is  made  to  refer  to  all  the  most  important 
memoirs  on  the  subject  of  hydro-aromatic  compounds  containing  a  single 
nucleus,  and  it  is  hoped  that  the  result  may  prove  useful  to  intending 
workers  in  this  attractive  field  of  research. 

Htdrooabboms. 

HexaJtydrohenzem^  ^6^i3>  homologues  (naphthenes)  occur  in 

various  kinds  of  petroleum,*  in  the  oil  from  mtominous  shales,*  and  are 
produced  during  the  *  cracking  process.'^ 

Hexahydrobenzene  has  bcwn  synthesised  as  follows 

(i.)  From  hexamethylene  dibromide  and  metallic  sodium  * 
(ii.)  From  hydroxyhexahydrobenzene  (p.  123)  by  converting  it  into 
iodohexahydrobensene,  and  reducing  the  latter  with  sine  and  acetic  acid.* 

cm,      ScHOH      cm,      Schi      ch,  ^h. 

In  the  earliest  attempts  to  prepare  hexahydrobenzene  from  various 
benzene  and  liexahydrobenzene  derivatives  ^  hydriodic  acid  was  employed 

'  The  term  bydro-aromatlc  compounds  also  includes  many derivatiTes  of  aromatic 
hydrocarbons  contaiuing  condensed  benzene  nuclei. 

•  Sei^^  1896,  tt,  577, 1286;  Amtr.  C»m,  J.,  1897,  19,  374.  419,  796;  1901,  M. 
284 ;  Arinali^n,  1898,  SOI,  154;  J.C,8.,  1888.78,  905,  932. 

•  J3<T.,  1897,  80,  2743.  *  Her.,  1897.  80,  2908. 

»  terfOn,  Ber.,  1894.  27,  216.  *  Bacjer.  AnnaUn,  1894, 278,  lia 

'  Berthelot,  Bull  Soc.  CkSm,^  1867-8;  Bseyer,  Annal^n,  1870,  186^266;  WiedSD, 
Atmaltn,  1877, 187, 163;  Kisfensr,  /.nut.  Chm.  Get.,  20  [2],  118. 
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t8  the  reducing  agent ;  but  Marirownikoffi  has  proved  that  this  reaaent 
aeta  on  derivatiYea  of  heacahydroheiiaaiie  to  prodaoe  the  ieomerio  mewyl- 
eyclopentaae 


although  hexahydrobenzene  itself  ia  not  acted  on  in  this  manner.' 

(iii.)  Fkom  a  mixture  of  benaaie  and  hydrogen  under  the  inflnenoe  ol 
rednoed  nIekeL* 

Tbe  propertiea  of  hexahydrobenzene  are  trpical  of  its  homologues  in 
ao  far  aa  the  latter  have  been  studied.  It  ii  a  liqnid  smeUing  like  bmiene ; 
on  eooling  it  lolidifies,  forming  orystala  (M.P.  6^*4)  which  belong  to  the 

cnbic  system,  and  therefore  have  no  action  on  polarised  li^ht,  thus  differ- 
ing from  benzene/  Concentrate<l  nitric  acid  has  no  action  on  it  oven 
after  long  standing,  and  a  mixture  of  nitric  and  sulphuric  acitls  ads  very 
■lowly  at  ordinary  temperatares,  but  violeutly  on  warniiug,  producing  some 
nitro  prodnota,  out  fmncipally  adipio  acid.  Chlorine  anbatitntea,  bnt 
bromine  has  no  action  at  ordinaiy  temperatarefl,  and  at  100^  givea  riae  to 
polybromidei  of  methylcyclopentane.'^ 

Physical  jiroptfrtif.s^  : — In  an  interesting  paper  on  the  molecular 
volumes  and  refractive  constants  of  benzene,  hydrobenzenes,  and  six  carbon 
open-chain  hydrocarbons  Bruhl  ^  shows  that  there  is  no  great  change  in 
these  oonatanta  in  pasting  firom  beniene  to  di*>  tetra*,  or  hexa-hydro- 
benzenes,  aa  would  be  expected  if  the  moleeular  straetnre  of  these  bodies 
diifered  materially,  whereas  considerable  differences  are  noticed  in  passiiig 
from  hexahydrobenzene  to  the  open-chain  hydrocarbon  hexane." 

Substituted  hexaJiydrobenzenea  have  been  synthetified  aa  follows  : — 

(i.)  From  anbetitnted  hydroxyhexahydrobenaenes  by  method  (ii.) 

above.* 

(ii.)  From  chlorhex&hydrobenzene  by  the  action  of  zinc  alkyl  com- 
pounds. 

(ill)  F^om  sttbstitntedbenieaea  by  method  (iii.)  above.  Pure  products 
are  only  obtained  from  benzene  and  toluene,  the  reaction  being  more 
complicated  in  the  ease  of  higher  homologues. 

Ttttrahydnhenxetip,  CgHjo. — When  hydroxyhexahydrobenzene  (p.  123) 
is  treated  with  hydrogen  bromide^  bromohexahydrobenaene  ia  obtained, 
from  which  quinoline  removes  the  elements  of  hydrogen  bromide,  giving 
tetrabydrobenzene.  ^  ^ 


'  Annah-n,  1898,  302.  1. 

'  Sc«  also  Ber.,  1896,  88,  1022,  1234»  and  1897,  80,  387,  1226;  J.C.S.,  1898,  78, 
f88. 

'  Sabatierand  Sendereas,  Ompt,Rmtd.,  1901,  132,  12.*4. 

«  Ber.,  1901.  84,  3799.  >  Annaien,  1898,  308,  1. 

•  J.C.8.,  1898,  T8,  932,  and  1900,  77,  372,  846. 

'  Ber  ,  1804,  27,  1066.  •  See  abo  Stobraann.  J.  pr.  Chem.  [2],'48,  417. 

•  Zeliniky,  1895,88,  781,  1343;  1896,39,  214;  1897,  90,  1688;  1898,  81, 
8806;  Knoevenagel,  Atkmlen,  1897,  897, 123. 


Konaaofl;  B$r.,  1800, 81. 2978. 


"  Ba^er,  ilaaafoh  1894, 878, 107. 
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It  has  also  beefi  obtained  horn  eUoilittxahydroibenieiie  (ttom  petonleim) 
by  eliminating  hydrogen  diloride,^  or  by  treatment  with  zinc  ethyL* 
Tetrahydrobenzene  is  a  coloarlen  liquid,  resembling  petroleum,  with  • 

slight  odour  of  garlic.  On  long  standing  it  resinifies  ;  it  gives  a  yellow 
colour  with  sulphuric  acid,  and  yields  a  liquid  dibromide,  crystalline 
nitrosochloride,  and  nitrosato.    Physical  propertifts^  see  tri/rn.' 

^ubtftiluled  telraJiydrobenzenen. — In  1890  Knoevenagel  *  described  a 
aeries  of  hydrooarbons  supposed  to  be  dihydrobenzenes,  bat  whidi,  at  a 
later  date^^  were  proved  to  be  tetrabydrobenienes.  They  were  prepared 
by  eliminating  the  elements  of  water  from  hydroxyhexahydrohenwiea 
(see  pp.  124»  129)  under  the  inilaence  of  phosphcnras  pentoxide. 

XHj.CHOH  ^CH=CH 

dHj      ^cir,  CH,  yen, 

\3H, .  CH  .  CH,  NsH,  .  CH  .  CH, 

Optically  active  methyltetrahydrobenzenes  have  been  described  by 

Zelinsky.*^ 

JHhffdrobenzene^  CgUg. — ^This  b3rdroearbon  was  first  prepared  hj 
Baeyer'  from  1  :  4*dihydbroxybexahydrobenaene  (qainite)  (p.  124),  whieh 
with  hydrobionuo  acid  gives  1  :  4-dibroinohexahydrobenzcne.  The  latter 
readily  loses  two  molecules  of  hydn^gen  bromide,  yielding  dihydrobenesoflb 
for  which,  as  Baeyer  points  oat»  thera  aio  two  possible  formoliB : — 

^CH, .  CH, 
Br  .  CH  ^CHBr 
\CH, .  CH,- 

yOfl,  -  CH 

or  dn  SoE 

Markownikoff,*  who  prepared  dihydrobenzene  from  dichlorhexahydro- 
benzene,  obtained  from  light  petroleum,'-'  considers  Baeyer's  hydrocarbon 
to  1)6  u  mixture,  as  its  tetrabromide  on  crystallisation  yields  fractions  ol 
different  melting-points. 

Diliyii  10 benzene  is  a  liquid  resembling  benzene,  but  having  a  marked 
odour  of  garlio :  like  the  terpenes,  it  resinifiee  on  exposure  to  air,  and  gives 
a  blue  colour  with  sulphuric  add.  It  rapidly  deoolorises  potaasumi 
permanganate,  gives  only  traces  of  a  crystalline  nitrosochloridoi  a  aatnraled 
hydrobromide  and  tetrabromide^^® 

iSubaiUtUed  dihydrobmxenu  can  be  obtained  as  follows : — 

(i)  From  substituted  1  :  4*dihydroxyhexahydrobenienes  by  the  aboire 
method." 


HO .  UH  ^HOH 
'Vh,  .  CH, 

m  yen 


>  MaikownikofT,  ArwaUn,  1898.  308, 27;  Vatief.J.CJL,  1898,  78,941. 

«  Kursanoff,  JJe^r.,  1899,  32.  2974. 

■  Kortcy,  suDra;  also  Hartley  and  Dobbie,  J.C.S.,  1900.  77,  84. 

•  AnmOen^nB,  181.  •  Ammlen,  1897,  897, 118. 

•  Ber.,  1902,  35,  2492.  ♦  Annalen,  1894,  878.  88. 

•  Ihui.,  1 898,  302,  29.  •  See  also  Fortey,  J,a8^  1898.  78,  BH 
Baejer,  Annakn,  1894.  p.  96. 

"  Bsci7er,J^.,189i»M,  8188;  and  1898, 98, 888. 
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(ii.)  From  substitnted  dihydroresurcinii  (p.  127),  which  ou  reduction 
yield  dihydric  alcohols,  and  these  readily  give  up  the  elements  of  wattr.^ 

^CH,  .  CO  yCH, .  CHOH 

C,H..CH        "^CH  C,H..CH  ^CH, 

-  CH  ^H,  -  CH 

q.Ht.CH         NcH,      or       OA.  OH  VjH 

Njh  =>  dH  \;h  a  dH 


(iii. )  From  submit  ituted  (Uhydroresorcins  by  treatment  with  phosphorus 
penlacliloride  aiui  reduction  of  the  resulting  dichlorodiliydrobenzenes.' 

^CH, .  CO  ^CH  =  Ca  '  ^CU  =  CH 

(CHj,.c        \cn     (CHj,.c        \cH     (ce,),.c  ^cu 
N:h,.c.oh  \3H,-a;i  Nje^-ch 

(ir.)  From  the  hydroxylaminoxiiiMB  of  ketotetnhydrdboiiMiieay  whidi 
on  reduction  giro  diaminos,  and  theoe  on  henling  with  phoophorio  acid 
fjne  the  hydrocarbons.' 

yCn  -  CO  yCUt .  C  -  KOH  yOH, .  CHNHi 

CH,.C  ^H,         CH,.0.NHOhNcH,  CH,.C.NHa  \cH, 

N3H,  -  CH,  V  h,  .  CH,  NjH,  .  Wt 

.,CH  -  CH 
CH. .  C  ^CH 
\CH, .  CH, 

Methods  (ii.)  and  (iii.)  have  only  been  so  hr  irorked  out  in  one 

case  each,  and  it  cannot  he  said  if  they  are  of  general  applicability. 
Mpthr>ds  Cm.)  nnd  (iv.)  possess  the  advantage  of  giving  pure  hydrocarbons, 
as  has  been  shown  from  a  careful  study  of  their  oxidation  products. 

Alcohoia 

Bydro  ryhexahydrobenzenB  was  obtained  by  Baeyer^  as  a  reduction 
product  of  ketohexahydrobenzene  (pimeloketone,  p.  125),  or  from  1  :  4- 
flihydroxyhexahydrobenzene  (quinite,  p.  124),  which,  with  hydriodic  acid, 
gives  1  :  4-iodohydroxy)iexahydroben2ene,  and  this  latter,  on  reduction 
with  zinc  dust  and  acetic  acid,  gives  the  alcohol : — ^ 

XH,.Ce,  XHj.CH,  XJHg.CH, 

Ho.dH      ^choh        ich      \choh       dH,  Nchoh 

\CH,.CH,  \cH,.dH,  \cH,.dH, 

It  has  an  odour  like  fusel  oil,  melts  at  1  ">  ,  and  is  more  readily  soluble 
m  water  than  the  aliphatic  alcohols  containing  six  carbon  atoms.  It  Is 
nnacted  npoo  by  potassium  pennanganate,  bat  nitric  acid  readily  ozidu 
it  to  adipie  add. 

•  Knoevenagel,  Annalen,  1896,  289,  137. 
Crossley  and  Le  Saeur,  J.C.S.,  1902,  81,  821. 

•  Harriet,  iter.,  1901,  M,  SCO ;  1902.  M.  1166. 

*  JttT.,  1893,  28,  229  ;  Annalen,  1894,fTi,  98. 

*  bee  alM  Anmrnimt,  1898,  808,  20. 
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ffcmologuea  have  been  obtained  from  sulietitQted  ketohesahydxolnn* 

zenes  (p.  1 26)  by  reduction  *  or  by  the  action  of  magnesium  and  alkjl 
iodides  ;  also  from  ketotetrabydfobenienes  (p.  128)  bj  the  action  of 
in  alcoholic  solution : — ' 


XH, .  CO  XH, .  OHOH 


1  :  A'JHkydroxifhieQBahydrobews^  (quinite) 

HO .  dH        ^CH  .  OH 

the  simplest  member  of  the  inosite  series  is  produced  by  the  reduction  of 
diketohexahydrobenMne  (p.  128).    It  is  a  solid  which  tastes  sweet  at 

first,  then  bittor,  and  on  oxidation  with  chromic  acid  is  convertf»d  into 
quinone.^  Hornologues  can  be  obtained  in  an  analogous  manner  from 
substi tuted  dike tohexahy drobe nzenes. * 

Substituted  1  :  ^-dihydroxyhexahydrobenzenes  result  from  the  reduction 
of  substituted  dihydroresorcins ;  ^  1  :  2-rfMyelrc«yA«PoAyfl6no6efifeittf  ; ' 
1:3:  fS-irihydireoByhsxahydTcb^^  (phlon^lucite).^ 

In  this  group  must  also  be  indwied  qnercite  and  inosite^  formerij 
classed  with  the  sugars. 

Pt'ntaJiydroryhexahydrohenzerui  (quercite)  occurs  in  acorns,  the  aqueous 
extract  of  which  can  be  freed  from  glucose  by  fermentation,  leaving 
quercite  unaltered.  The  pure  substance  crystallises  in  nionoclinic  prisms, 
melting  at  about  225  .  and  is  optically  active  [a]i>  =  -f  24  -24.  It  yields 
many  weli-charactei  ii*ed  compounds,  among  which  may  be  mentioned  the 
pentanitrate  and  pentaoetata  The  following  formula 

CH,  \CH  .  OH 

N3H(0H)  .  CH  .  OH 

was  toggested  hj  Kannonikow  after  Prunier*  had  shown  that  hydriodic 

acid  converts  quercite*  into  ben/ene,  phenol,  iodophoiiol,  quinone^  and 
hydroquinone,  and  fusion  with  potash  gives  rise  to  hydroquinone  and 
pyrogallol.  Kiliani  and  Scheiblor  doubted  this  formula,  as  they  could 
only  obtain  mucic  and  trihydroxyglutaric  acids  by  oxidising  quercite  with 
nitric  acid  ;  but  in  1896  Kiliuni  aiui  .Schafer  "  showed  that  ]>otassiuui 
permanganate  o.xidises  quercite  to  oxalic  and  ciiietly  nialouic  acids,  thus 
proving  the  presence  of  a  methylene  group,  which  fact,  in  conjunction 
with  the  above  data,  definitely  proves  Kannonikow's  formula  to  be  the 
true  one. 

ffexah^droxffhexcihydrobenzene  (inosite)  is  known  in  one  inactive  and 

»  Zelluaky,  references  y.  7.  '  Zelinskv,  Ber  ,  1901,  M,  2877. 

'  KDoeveuagel,  Annalcn,  l.s96,  289,  131 ;  and  19^)7,  897, 113. 

•  Baeyer,  Ber.,  1802.  25,  1037. 

•  Baeyer,  iHd.,  2122 ;  and  1893.  26,  282. 

•  Knoevenagel,  Annalrn,  1896,  289, 187.  '  AtinaU'n,  1898,  308,  21. 

•  WisUcenus,  Ber.,  1894,  27,  367.  •  Ann.  Chim.  Phyi.,  1879        16.  1. 
»•  ^«r.,  1889,  22,  617.  »•  B§r.,  29, 17G2. 
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two  active  modifications,  its  occurrence  in  optically  active  forms  being 
satisfactorily  explaiDed  by  Baever's  suggestions,'  which  would  suppose 
the  hydroxy!  groups  to  oooupj  different  podtioiw  relfttiTtly  to  the  phuoe 
of  the  hexemethylene  ring.  The  inactive  variety  ocoora  in  mnielek'  Ao., 
and  as  its  monomethyl  ether  (bornesite),  C6H^(OH)5 .  OCH),  and  dimethyl 
pthfr  (dambositc)  in  caoutchouc.-'  c^-Inosite  and  Z-inosite  are  obtained 
from  their  monomethyl  ethers,  retipectively  pinite  *  and  quabrachite,^  by 
the  action  of  hydriodic  acid. 

The  constitution  of  inosite  reeulte  from  the  work  of  Maquenne,''  who 
suggested  the  formula ' 

yCH(0H).CH.OH 
CH.OH  \CH.0H 
\CH(0H).OT.0H 

It  gives  a  hexacetate  ;  *  with  hydriodic  acid  yields  benzene  and  triodo- 
phenol ;  is  oxidised  completely  to  carbon  dioxide  by  potassium  per- 
manganate ;  and  with  nitrie  acid  giveB  the  lame  oxidation  producte  as 
hexiuiydfOKybeniene,  namely,  di-  and  tetra>hydroxyqmiione. 

Hydrooe^etrdhydrohenzene  is  formed  when  1  :  4-iod<diydrolyhexa- 
bydrobenaeoe  (p.  123)  is  treated  with  quinoline.' 

^CHf  •  CrBf  ^CH  •  CII| 

CHI       \CH.  OH  dn       SCH  .OH 

NjHj.dHt  NjHj.CH, 

Amikbs. 

Hydro-aromatio  amines  result  from  the  redaction  of  the  eomsponding 


AminahfTahydrohenzenf^  ^0^11  •  NHj,  obtained  as  above,"'  or  by 
reducing  nitrohexahydrobenzene  with  tin  and  hydrochloric  acid,^^  is  a 
colourless  Ii(^uid  smelling  like  conine. 

1:2-  i>tam»iMiUraA«(jro6ene0n«,>*  1:3*  <fiamtnoA«DaA^<fro60n2«iM,^' 

XsTomcs. 

£eiohaxah^drobem&ne  (pimeloketone)  has  been  ohtained  (i.)  by  the 
oxidation  of  hydroxyheoMhydrobenzene,^^  (ii.)  by  the  distOlationof  calciam 
pimeiate  with  lime»^^ 

XHj.CHj.COOH  yjHj.CH, 
OHa  CH,  Nco 

\CH, .  CHj .  OOOH  ^CH, .  dfit, 

*  Annale*,  1888,  245.  128.  >  BeihMm,  3**  A^  f,^  i.  1050. 

■  Girard,  Zeit./ur  Chrm.,  1871,  335. 

*  Maqaenne,  Compt.  Jiend.,  1890,  109,  968. 

*  Tanrot,  Cotmft.  JReiuL,  M,  908.  '  Comjft.  Bend.,  1887, 104,  225. 

'  Ifnd.,  p.  297.  "  Ifnfi.,  p.  1719. 

*  Baeier,  Annaleii,  1894.  278,  97.  Uaeyer,  Ibid.,  103. 

>*  Markownikoff,  AnmOm,  1898,  802, 22.  "  AniuUen,  1697, 090, 187. 

Ibid.,  1885,  228,  39.  ^  Ber,,  1894, 07, 1449. 

»*  J.C.S.,  1901,  Abttr.,  I  601. 

Baeyer,  Annalen,  1894,  278,  107,  «»  Baeycr,  ibid. 
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and  (iii.)  by  the  action  of  zinc  and  acetic  acid  on  nit rohexfiliydroben zone.* 
It  is  a  liquid  with  an  odour  of  peppermint,  and  it;  readily  oxidised  by  nitric 
acid  to  adipic  acid.  Uomologues  have  been  prepared  by  method  (ii.)  from 
sabitttitted  pimeUc  aoicb.* 

01  tiie  three  poisible  ieomerio  diketonee  two^  viz.,  the  1  :  3-  and  1  :  4- 
oompounds  af6  Imown. 

Dihyfirorpsorrin  (1  :  3-diketohexahydrobenzene)  was  first  prepared  by 
Merling  ^  by  the  reduction  of  resr>rcinol  with  sodium  amalgam  ;  it  can 
also  be  obtained  by  the  action  of  sodium  ethylate  on  ethyl  ^-kefcohexoato.* 

Dihydroresoroin  roaota  in  some  cases  as  a  diketone,  but  its  most  usual 
form  is  that  of  a  ketono  aloohoL 

^CH, .  CO  ^CH. .  CO 

CH,  (i.)  ^CH,  CH,  (ii.)  ^CH 

\CU,  .  CO  \CH,  .  C.  OH 

It  is  a  crystalline  substance  which  dissolves  in  water  with  an  int^^nse 
acid  reaction  ;  tlio  solution  gives  a  violet  colour  with  ferric  chloride, 
decomposes  the  carbonates  of  the  alkali  metals  and  silver  in  the  cold,  with 
the  formatioii  of  lalte,  formiila  (ii.).  It  is  readily  oxidised  by  potassium 
permanganate,  yielding  glut&ric  add,  thus  showing  that  it  conld  not  have 
the  ooosUtntion  represented  by  the  formala 

^H,.CO 
N3H=dOH 

Alkyl  iodides  react  with  the  silver  salt,  forming  ethers 

XHj.CO 

CH.  "^CH 


and  not 

dH,  \0HG,H, 
MJH,.<j0 

because  they  are  easily  hydrolysed  with  regeneration  of  dihydroresorcin. 
With  acetyl  chloride  only  a  mono-acetylated  product  is  obtained ;  and 
with  halogen  acids  or  bromine  additive  prodnots.  The  dibromide  formed 
in  the  latter  case  readily  loses  the  elements  of  hydrogen  bromide,  giving 
monobromodihydroreaoroin,  having  the  formula 

^CH, .  CO 

CH,  \cBr 

MJH, .  C.  OH 

because  it  decomposes  the  carbonatoi  of  the  alkali  metals,  gives  a  violet 
colour  with  ferric  chloride^  and  nascent  hydrogen  regenerates  dihydro- 
resoroin.'* 


•  AnaaUn,  1898,  302.  10. 

«  Zelinsky,  Her.,  1895.  28,  781,  1343,  2944 ;  and  1896.  29,  2H,  731. 

>  Armaltu,  1 894.  278.  20.  «  Vorliinder,  Annaten,  1897,  S91 2S$, 

*  Clomfkue  Torliinder.  Annalen.  1902.  322.  251. 
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Towards  hydroxy  lam  ine,  phenylhydrazine,  and  hydrocyanic  acid 
dihydroresorcin  behaves  as  a  diketone,  formula  ( i.)  above,  giviog  in  tho 
latter  case  the  nitrile  of  dihydroxyhexahydroisophtlialic  acid 

yOH, .  COH  .  GOOH 

XrB,.<^H.COOH 

When  heated  with  barium  hydroxide  the  ring  ui  broken,  and  c-ketohexoio 
idd  produced ' 

XH,.CO  XH,.CO 
dH,  CH,  "^CH, 

NjH,.doH  \;h,.oooh 

Sabstitated  dihydroresorcins  may  be  obtained  by  various  methodsy^  of 
which  the  two  following  m?iy  be  taken  as  typical : — • 

(i.)  The  condensation  of  ethyl  maionate  with  a/S- unsaturated  ketones.^ 

m»\  (CHJ,  (CH,), 

CO  h 

CH  -I-  CH/COOC,HJ,  a  CH,  CH .  COOG^,  •  C,H,OH  +  CH,  CH.C00C,U, 

ix)  ^  ^»OC,H,  lo  (io 

01^  CH, 

Sobrtftiited  malonic  acidf  may  alao  be  employed.^ 
(il)  Die  <xiffiilMMifction  of  ethyl  aeeto-eoeUite  and  ethyl  erotonate.^ 

CH,  CH,  Ci^ 

^  <1h  ^H 

COOCyj,.  CH,  +  CH    a  COOC,H,.  CH  OH,  =  COOCyi,*  CH  CH,  +  C,H,OH 
isO      ^OOC,H«  COOG,H,  00  Jk) 

The  ethyl  dihjdzeraioniylateB  prodnoedbj  either  of  the  above  methods 
on  hydrolysie  give  free  aad%  which  immediately  loee  oarbon  diooud^ 
fonnuig  duydroietofolnek 

XHCCOjC^JOO  ^CH, .  CO 

(OH,),.C  ^H^  (CH,)a.C  \CH 

\CH,  CO  \CH,  .  COH 

The  properties  of  substituted  dihydroresorcins  are  identical  with  those 
of  the  initial  member  of  the  series.  The  above-mentioned  behaviour  with 

'  Vorlander,  AnnaUih  1897,  294,  272, 
>  Be>r.,  1894,  27.  2053,  2126,  2338. 

•  Voriinder.  supra,  p.  263  ;  Crossley.  J.C.S.,  1890,  76,  771  :  1&02,  81,  670. 
«  Gniidsj,         1001.  TO.  138. 
f  TedinSei^  ilMMiJ^  1899,  M,  184. 
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bftrium  liydroxide  seems  to  be  somewhat  limited,  as  exceptions  are  found 
in  the  cases  of  dimethyl-  and  trimethyl-dihjrdroresorcins 

XH, .  CO  /CH(OH.)  .  CO 


(CH,),,o       '^H  (cig,.c 

\CH, .  COH  M)H,  


•COH 


neither  of  which  gives  the  corresponding  ketonio  aoids.  Apparently  it  is 
the  presence «!  two  alkyl  groups  attached  to  one  carbon  atom  whkh 
determtneB  the  behavioar  of  barium  hydroxide,'  as  this  is  the  only 
diflference  in  constitution  between  the  above  and  other  dehydroresorcins 
which  are  hydrolysed  when  heated  with  barium  hydroxide.^  From  a 
consideration  of  the  electric  conductivities  Schilling  and  Vorlan(ier^ 
conclude  that  the  acidic  properties  of  dihydroresorcina  are  as  strongly 
marked  as  those  of  c-ketonic  acids,  although  the  carboxyl  group  is  absent 
in  the  former.  Structural  difference  between  the  two  classes  of  compoands 
does  not  amount  to  much  more  than  ring  formation 

CH, .  CO 
UH,  ^CH 
\CH, .  COH 

and 

^CH, .  CO 
CH,  ^'JH, 
\CH, .  COOU 

and  cyclic  organic  compounds  containing  oxygen  exhibit  acidic  propeHtfes 
more  pronoonced  than  those  open-chain  compouidsol  similar  eonstitatioD. 

Substituted  glntaric  acids  result  from  the  oxidation  of  substituted 
dihydrorosorciDS,  a  reaction  best  carried  out  by  the  employment  of  sodium 

hypobromit^  as  oxidising  agent.^ 

1  :  A-DiketoJtexaJiijdrobenzene  results  when  dry  succinosuccinic  acid  is 
heated, and  from  the  saponiUcatiou  of  ethyl  succinosuccinate  (p.  133) 
with  strong  sulphuric  acid.^ 

XH(C0,C,H4)  .  CH..  ^CH, .  CH, 

CO         ^  ^CO       CO  ^0 

\0H,  .  CH(CO,CaH,)  ^CH, .  CH, 

As  the  hydrogen  atoms  marked  4*  are  replaceable  by  sodium,  this 
reaction  may  be  extended  to  the  preparation  of  substituted  diketohexa- 
hydrobcnaenes.   Allusion  has  been  already  made  to  the  properties  and 

transformations  of  these  bodies. 

Halogen  derivatives  of  the  abov^e  ketones  may  be  obtained  by  the 
continuous  action  of  chlorine  or  bromine  on  phenols,  quinones,  JL'C.^ 

Kttvtet laJufdroh^' iiTj'nt's  have  been  found  in  the  heavy  oil  produced 
by  the  distillation  of  wood  tar.® 

»  Croaaley,  J.C.S.,  1902,  81,  675. 

-  Vorliinder,  Annalen,  1807,  294,  317.  '  Annafni,  1K09.  808.  1H4. 

«  Komppa,  Bet.,  1899,  S2,  1421 ;  Crossley,  J.C.S.,  1901,  79,  146  ;  1902,  81,  6S0. 

»  Ber.,  1889,  M,  2168.  •  Bwyer,  4if«afa«,  1S94.  W,  88, 

»  Jier.,  188l»,  22,  1473  ;  1891,  24,  912  ;  1892.  25,  845. 

•  Com^,  Mend.,  1897,  IM.  1036;  1901. 132, 342. 
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Knoevenagel  ^  has  shown  that  by  the  condensation  of  ethyl  aceto- 
acetate,  <tc.,  with  alkyl  diiodides  or  aldehydes  in  presence  of  diethylamine 
or  piperidine,  esters  of  1  :  5-diketocarbo.\ylic  acids  are  produced,  which 
readily  form  ring  compounds  with  loss  of  the  elements  of  water  ;  and  the 
free  aeids  genamted  fimn  tliMe  bodiea  on  hydrolytis  lote  cwbon  dloaudei 
gtving  kototetfabydrobemenM 

CtH^CO, .  CU,  .  CO  .  CH,      CgH» .  CO^  .  CH  .  CO  .  CH. 

H.CHO  "*  OBg 

I 

C^^ .  CO,  .  CH, .  CO  .  CH,      C,H,  .  CO,  .  CH  .  CO  .  CH, 
C,H..CO,CH.CO  CHg-CO 

CHL     CH         CH,  CH 

I       ^  I  ^ 

C,H4.C0,.CH-C.CHg  CH,-O.CH. 

Some  of  the  more  important  reactions  of  these  substances  have  beea 
mentioned  ;  a  further  property  of  peculiar  interest  is  their  ready  transfor- 
mation into  aromatic  derivatives  ;  e.y.,  l-keto-S-methyl-Aj-tetrahydro- 
benzene  readily  absorbs  two  atoms  of  bromine  ;  the  product  formed  is 
untUble,  losing  two  moleeales  of  hydrogen  bromide,  giving  meta-cresol,' 

^C(CH^  .  CH„  X  Br(OHJ  .011,  /C(CH,) .  CH 

CH  \CH,  CUBt  ^CH,    ~>  CH 

\:o-CH,  """^^co-CHg  \;(oh)«ch 

l-keto-3-iiMtbjl*5-isopropyl-Aa-teti«h7drobenieii6  note  tSMtSSar  oon- 
ctitions  giv€S  lym-carvacro).* 

HaJogen  sabstitotiou  prodaetsof  ketotettmbydrobemeDetrwiiUlRHn  the 
action  of  chlorine  on  phenols,  aniline,  Ac* 

Ketodihydrobenztsjiea. — Neither  of  the  two  theoretically  poHfeible 
isomerides  is  known ;  but  tetra-  and  hexa-chiuro-derivatives  have  been 
prepared.* 

Cabboztuo  Acids. 

Bexakydrobeiwooie  aeid  has  been  obtained  by  the  lednetion  (L)  of 

l»enroic  acid,^  (ii.)  of  the  hydrobromide  of  Aj-tetrahydrobenzoic  acid,^  and 
(iii.)  of  hydroxy hexahydrobenzoic  acid,^  and  also  by  the  hydrolysis 
and  distillation  of  the  product  resulting  from  the  action  of  ethyl  sodio- 
inalonate  and  pentamethylenedibromide,'^  and  by  the  distillation  of 
pentametbylenedicarboxylic  acid.^  Teir€ihydrobenzoic  aeida  have  been 
prepared  b^  the  removal  of.  bvdrogen  bromide  from  monobromobejca- 
bjdrobenaoie  add,'*  and  by  the  direct  redaction  of  bensdc  ^*  and  dibydro- 

'  Annalrn,  1894,  Ml.  2o ;  1895.  288,  321  :  and  1895, M»,  131. 
'  Mer^  1893.  26,  1951 ;  Annaien,  1894,  881,  96, 

•  B&P.,  1894,  27.  2847. 

«  Ser.,  1890.  23.  3777  ;  1892,  M,  2888;  1894,  i7, 647,  860, 680. 

»  Zincke.  Ber.,  1894.  27,  546. 

•  Markownikoff,  Ber.,  1892.  88,  3357. 

•  Aschan.  Annalen,  1892.  271.  261.  •  BoolMrar,  JB^.,  18»l, 89, 1881. 

•  Perkin  and  Hawortb,  /.OA,  1894. 86. 108. 

»•  An»aUn,  871,  261.  »•  Jhid.,  234. 
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benzoic  .acitl^^, '  i\mi  fli/tydrob'  >r:oir  rrrjV/.y  from  tlie  oxidation  of  diliydro- 
benzaldehyde,^  and  by  the  action  of  alcoholic  potash  on  dibromo-^.j-tetra- 
bydrobenzoicacid. '  Ilomologues  result  from  the  reduction  of  homologues 
ot*  benzoic  aciti,*  and  by  heating  hexamethylene  dicarboxylic  acid«.^  In 
chemical  properties  these  acids  exhibit  great  similarity  with  the  hydro- 
phthiJyU)  adds  (wUch  see  below).  The  liexftbydro-Aoids  appear  to  be 
iflomericy  bnt  not  Identleal  with  the  natural  naphthenie  adds  oocurring  in 
petroleum.^ 

Hydroxyli^xahydrohenzoic  ac'uh,'  diJiydroxi/fiexaht/droh''nzoic  acid* 
MrahvdroTf/hrrahi/drobenzoxc  acid  ((luinic  acid),'*  pentaJiydroxyhexahydnh 
benzoic  acid,^^  irikydroxytetrahyilrobenzoic  {Hkikimic)  nrid.^^ 

Ketohrxahydrobenzoxc  acid^^^  diketohexahydrobeiizoic  acid  (ethyl  resor- 
cylatvs)  (j>ee  p.  127).    ■  ; 

HTqiBOPiiTnALio  Acids. 

The  hydrophthalic  acids  have  been  minutely  studied  by  Baeyer  in 
his  iuvestigatious  on  the  CQiistitution  of  beusene,'^  and  these  papers  most 
bo  cot^iilted  ioje  .a  detailed  description.  Here  it  is  only  Doefsible  to 
menUoii  some  of  .the  more  important  propertie8»  which  show  the  strikit^ 
.  repennblAn^c  between  these  bodies  and  acids  of  the  aliphatic  serio-. 

Generally  speaking  the  di-  and  tetra -hydro- acids  were  obtaint-d  '  v 
the  direct  reduction  of  the  phthalic  acid,  and  the  hexahydro*Acids  by  this 
reduction  of  the  hydrobromide  of  the  t<^trahydro-acid. 

Sohie  idea  of  the  numerous  isoim  tides  may  be  gained  from  the 
following  scheme,  which  shows  the  coubtitution  and  nomenclature  ' '  of  the 
ten  pbssible  hydroterephthalic  acids.  In  the  case  of  the  orthopfatbalie 
acids  there  are  fifteen  pofisibili^ies ;  and  trans-hezahydiophthalic  arid  can 
ejust  in  two  optically  active  forms.  ^ 

•    fijm^kydrolereplitkQlic  arid,  CeHii(COOH)s. — Two  possibilities  de- 
pending on  tho  position  of  the  oarboxjl  groups  relative  to  the  pUnf  .d 
.  the  hexaqiethyiene  ring.  • :  . 


COOH  H  ■  .    H  CUOU 


: '      .  :  ■     Cis  trans.  CLs. 
l^etraJiydraUrp^hthalic  acid^  CcH|,(COOH)}. — Depending  on  the  positidn 

•  Jhr:,  im-  M.  461.  ' '  *  nU„  p.  454. 

'  .Aschari,  Uer  .  1891,  24,  202:^. 

«  ij?r...ltt?2.  ?6,.3W*.lttil4,«7,  K.  196;  /.c;^,         71.  J67i  1901.  1%,  Uj^ 

I37y. 

•  Perkin  and  Freer,  J.CS.y  1888,  68, 206. 

•  Brr.,  1892.  26,  ^fJOf) ;  1894,  27,  K.  195,  197.  •  ' 
'  Jier.,  1894,  27,  1231,  2472,  2476;  1896,  88,  B.  649. 

•  Annalen.  271,  28a  •  HeUstew,  3«*  .4w/..  i,  vS04. 
Ber.,  in  n  24.  1294.                              »«  Ber„  1881,84, 1279. 

»«  Bcr.,  Ib94,  27,  KKJ ;  1S96,  29,  IL  'toO. 

»  Annalen,  188».  245,  107  ;  1889,  861,  257;  1H90,  266,  1 ;  868,  1,  145;  1891,  266, 
169 ;  1882,  868. 14ff ;  M»  VUliger,  Annalen,  1693.  276.  865. 
For  an  explanation  uf  which  f^ce  Annalen^  1888,  848, 107. 
>»  Werner  andCoocrad,  Ber.,  1899,  88,  8046. 
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of  the  double  bonds,  theoretically  possible  in  two  isomeric  forms,  one 
o£  which  can  exist  in  two  stereoisomeric  luoditications. 


COOH 

H,/^,  H 

hAcooh 


Hv  vCOOH 


H,'v  i,H 


Hv^COOH 


H 


CO^I^H 


H,  's^y  H 


h/\300H 

A,.  CistransA,.  CkAf 

J>ik^drcierepktkalic  acid,  C6He(COOH)|.~Foar  powilnlitiM  dopend- 
ing  oo  the  pontion  of  the  doable  bonds  :  one  poasilnlitj  appears  in  two 
•tereoisomerio  modifications. 

HvXOOH 


Hv  xCOOH 


hXh 


H 


COOH 
H 


COOH  H 
Cls  tians^fi. 

COOH 

H,p^.H 

COOH 


h/>cooh 

CisA,:,. 


H  ^ 
H^H. 
H-'^OOH 

COOH 

H 


H, 


H.\^  H 

COOH 


As  regards  the  resemblance  to  aliphatic  compounds,  the  hexahydro-acids 
do  not  give  addition  compoands  with  bromine,  but  substitution  products 
in  whi<£  the  bromine,  as  in  the  fatty  series,  occupies  the  a-f^)sition.  llie 
tetrahydro-acids  take  up  Hj  :  Br.^  orHBf ,  forminsj  hexahydro-compounds, 
and  the  dihydro-acids  combine  with  H.,  :  Br^orHBr,  forming  tetrahydro- 
derivatives  or  with  2Ha  :  2Bra  or  2HBr,  forming  hexahydro-derivatives  ; 
just  as  fatty  compounds  with  two  double  bonds  yield  successively  ethylene 
derivatives  and  saturated  fatty  substances.  When  a  tetrahydro-acid 
•hsorba  hydrogen  bromide  the  bromine  atom  oceapies  the  podtion  moie 
remote  from  the  carboxyl  groups  resembling,  for  example^  the  prodttction 
of  /}-bromopropionic  acid  from  acrylic  acid  and  hydrogen  bromide.  The 
bromo-acids  on  treatment  with  nascent  hydrogen  have  the  bromine 
replaced  by  hydrogen,  or  if  they  contain  two  bromine  atoms  united  to 
adjacent  carbon  atoms  then  both  bromine  atoms  are  removed  (i.)  by 
nascent  hydrogen  with  formation  ol  a  donUe  bond,  or  (ii.)  by  alcoholic 
potash  with  foifmation  of  two  doable  bonda. 

OOOB  COOH 


H,C 


COOH 
CH 

/N  CHBr 

ij  CHBr 
CH 
COOH 


COOH 
C 


H^ 


CH 
CH 


Y 

COOH 


2 :  d-Dibroidobexahjdro*    A, : ,  Dihydrotcre* 
terepbthalic  acid.         phthaUc  acid. 


n/^HBr 

I 

Hv/CHBJf 

CH 
I 

COOH 

/By-Dibiomadlpic 
acid. 


I 

C 


CH 


H^^H 

JoOH 

Muconlc^  acid. 
.     -IP  2 
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And  when  these  di-  or  tetra-hydro-compounds  are  oxidised  with  potassium- 
permanganate,  tho  ring  is  broken  at  the  double  bonds,  just  as  iu  the 
cue  of  nnsAttiFated  fatty  compounds. 

A  farther  analogy  is  to  be  found  in  tlie  gradual  reduction  by  nuoent 
hydrogen  ol  A| ,  s-dmydn>terei»hthalie  ooid  and  mnconic  acid. 


/  \ 

HOOC .0  C . COOH 

CH-  CH 
A, :  g-DilqrdzoterepbUiaUo  acid. 


HOOC  .  CH  HC  .  COOH 

\  / 

CH  =  CH 

a^T^iabydroteMpbtbaUc  add* 


HOOC 


\ 


OH.COOH 


CH, 

Hezahjdjrot«rq>htfaaUc  aoid. 


H  H 


/ 

HOOC.C 


H  H 


C .COOH 


HOOC 


CH-CH 
Mooonio  add. 


\ 

CH . COOH 
/ 

CH  «  OH 

/•y-HjdrooMiooiile  add. 


HOOC.  OH 

\ 


H  H 

CHf  .  (^Hj 
Adipic  acid. 


COOH 


The  first  stage  of  this  reduction  is  of  sp^ial  interest  in  view  of 
Thiele's  theory  of  partial  saturation.'  Baeyer  states  ^  that  all  A  ,  3  or 
A,  .  5  dihydro-aoids — that  is,  those  containing  two  double  bonds  in  the  above 
positions — form  only  dibromides,  whereas  other  dihydro-acids  form  tetra- 
bromides,  and  a  ainiuar  case  has  been  notioed  in  dunethyl-A, .  4-dihydro- 
beniene^*  for  only  two  atoms  of  bromuie  or  one  molecule  of  hydrogea 
bromide  can  be  directly  added  to  this  substance,  the  addition  taking 
phice,  as  in  the  case  of  hydrogen,  to  A| ,  |-dihydroterepbthaUc  aeid,  witb 
rearrangement  of  the  bonds, 

GH-CH  CH,.CH 

/  \  /  ^ 

(CHJ,.U  CH         baooming        (CHJ,C  OH 

\         //  \  / 

CH,  -  CH  CH, .  CHBr 

Various  hexahydro-dicarboxylic  acids  have  al^  been  Sj^thetically 

prepared  ;  for  example,  when  methylpentamethylene  dibromide  is  con- 
densed with  ethyl  sodiomalonate  there  results  the  ethyl  salt  of  2*metAy/- 
iiexaJiydrobenzenc'l  :  l-dicarboxylic  acid^* 

CHa  .  CH  .  CH* 

/  \ 

CH,  C 

\  / 
0H| .  CH, 


(COOH), 


>  AnnaU-n.  306,  87. 

•  Cros»lej  and  Le  boear,  J.C.S.,  1902,  61,  823. 

•  Ferkio  and  Freer,  J.CS^  im,  M,  202. 
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and  hexahydfotenplitlMlie  add  is  obtained  fay  ttponifioation  and  aUmina- 
tion  of  200}  from  the  prodnot  of  the  intemotioa  of  ethylene  dibromide 
«nd  ethyl  aodiobataiietetneariMaylate,^ 

CH,  .  CH,  CH,  .  CH, 


/ 

<COOC,H»),  C  Na 
Br 


I  i 
CH,  "  CH, 


(COOC^»),-»  (COOC^ J, .  1^       ^  (COOC^j), 


n  reaction  which  may  be  extended  to  the  preparation  of  hexahydio- 
iso}  lithalic  acid,'  in  which  case  both  the  oii  and  trans  modiiicatioDs  were 
obtained.' 

HydrooBjf"  and  ketohydro-dioarhosnflie  aeids. — Dihydroxj^ksxahydro- 
i$ephBUdie  acid  (lee  abore),  1  lA'dihydfWBjfhexahydroUrepnthalie  add, 
tenlta  from  the  addition  of  hydrocyanic  acid  to  diketohexahydro* 

benzene^  and  the  ethyl  salts  of  2  ■.r^  dihydrorr/tetra-  and  AcSMiibydrotere'- 
^iJialic  acid  by  the  reduction  of  ethyl  succinosuccinate.* 

^uccinomccinic  acid  is  formed  by  the  saponidcation  of  its  ethyl  salt 

CO.CH, 


:,H,.CH  + 


CO0C,H, .  CH  +        OH  .  COOC-II, 

\  / 

* 

TOrepared  by  the  action  of  potassiam  or  sodium  on  etiiyl  snocinate,  &c:^ 
The  ethyl  salt  is  capable  of  reacting  in  two  fomUl,  aa  a  diketooe  or  as 
€thyi  dihydrozydihydroterephthalic  acid.^ 

OOH .  CH, 
COOCJI,.<^  C.COOC^. 
CH, .  C  .  OH 

Hm  two  hydrogen  atoma  (marked  above  +)  can  be  rephiced  by  eodiom, 
thus  affording  a  method  for  the  prodootion  of  homcilogues.  The  chemical 
changes  which  this  sabstanco  ia  capable  of  andei^going  have  been 

frequently  alluded  to. 

Ethyl  dihydroxydikfttohcxahydrobenzfiiiedicarboxylate^^  Hhyl  diketo- 
JiexahydrobenzeneUtraearboxylate^^  fiex€Aydrobenzenehexaearboxylic  (hexU" 
hydromdlUUt)  amd,^^ 

In  conclusion  it  may  be  of  interest  to  draw  attention  to  tlie  close 
relationship  existing  between  aliphatic,  hydro  aromatic,  and  aromati'^ 
bodies,  as  illustrated  by  the  pass.age  of  substances  heloncrinir  to  the 
aliphatic  series  into  hydro-aromatic  bodies,  and  of  the  latter  into  nic  niljers 

•  Mackenzie  and  Pork  in.  J.C.S,,  1802,  172. 
•5  Perkin  .I  CS.,  1891,  69.  798. 

•  Compare  ViUiger,  Annalen,  1893,  878,  255. 

4  Ber.  1880,  M.  2178.  •  Bcr.,  1000.  SS,  890. 

•  Annalen,  1882,  811.  308 ;  1888,  M8, 74 ;  1889, 888, 182. 
'  Jier.,  1891.  84,2692. 

•  Jier.,  1886. 19,  2385 ;  1887, 80, 1807;  1889.  88, 1290;  If 90,  23.  266. 

•  Ber^  1889. 88,  B.  288.  .      BeHttHn,  3**  Avjt.,  it  2 101. 
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of  the  aromatic  series  ;  and  also  to  point  out^  as  far  as  onr  present  9ome- 
what  scunty  knowledge  regarding  hydro-aromatio  bodies  will  permit,  the 
resemblances  and  differences  in  the  properties  and  reactions  of  these  three 

series  of  bodios. 

Many  instances  have  already  been  quoted  of  the  ring  formation  of 
hydro-iiromatic  substances  from  upeu-cliuiu  compounds  :  e.ff.j 

The  preparation  of  liexahydrobenzene  by  method  (i.),  p.  120. 

*  ketohexahydrobenzene  by  method  (ii.),  p.  l-">. 

„  „         substituted  dihydroresurcins  by  methods  (i.)  and 


(ii.),  p.  127. 

„  „         substituted  ketotetrahydrobenzenes,  p  128. 

11  a 


hezshydrobensene  dicarboxylic  acid,  p.  132L 


Two  examples  have  also  been  g!ven  of  the  passage  of  hydro-aromatie 

into  aromatic  bodies  (p.  129),  in  whicli  eases  bromine  is  first  added  on 
at  a  double  })ond  and  then  illuminated  as  hydrogen  bromide.  Other 
similar  examples  are  the  conversion  of  3-chloro-l-methyl-Ai .  j-dihydro- 
benzene  into  metacblortoluene  * 

Ca  =  CH  CCl  =  CH 

da        \h,  dH  \h 

\(ch,)-(5h,  \(CH,)-d^ 

and  of  3-oh1oro-l :  5-dinieth^]-A| .  ^-dihydrobeniene  mto  chlorxylene.' 
From  the  author's  experience  it  would  seem  that  tlus  action  of  bromme  cm 

derivatives  of  dihydrobenzene  appears  to  be  of  a  general  nature,  but  the 
work  is  not  sufficiently  far  advanced  to  permit  of  a  more  definite  state- 
ment being  made. 

Bromine  acts  on  liexahydrobenzene,  giving  rise  to  tetrabromoljenzene.' 

In  some  cases  oxidising  agents  convert  hydro-aromatic  into  aromatic 
bodies,  as  the  three  following  examples  show  : — 

1  :  3-Dimethyldihydrobenzene  gives  with  nitric  and  sulphuric  acidi 
nitro-,  dinitro*,  and  trinitfo-zylanea.^ 

Nitric  acid  converts  3  :  5-aichloro-l  :  l-dimethyl-As.4-dihydrobensene 
into  3  :  5-  dichlorobensoic  acid.^ 

* 

^CH  =  CC1  ^CH-CC! 

(CH,)^L        \cn  HOOC.C 

^CH,~CC1  X.H-CU 

1  :  4-]>ihydroa:^hexahydrobensene  (quinite)  on  oxidation  with  chro- 
mic add  gives  quinone,^  which,  however,  may  itself  be  regpurded  as  s 

hydro -aromatic  substance. 

In  the  followin^^:  tables  there  will  be  found  a  comparison  of  some 
of  the  physical  properties  of  benzene  with  those  of  the  tliree  typical 
hydro-aromatic  bydrocarbonS|  dihydrobenzene,  tetrahydrobenzene,  and 

*  Klagee  and  KnocTenagel.  Ber.,  1894, 87,  3022. 
»  Jbid.,  p.  3021. 

»  Zelinskv,  Ber.,  I'.iOl,  34,  2803. 

*  VVallacb,  ^M^io/cn.  1890,  858,  319. 

*  CroMlsy  sod  Le  Soeiu;  J,CJ3*p  1902, 81, 881. 

*  ^er.,  1892, 88, 1087. 
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hezbydrdbeiuene,  and  of  some  open-chain  hydrocarbons  iBontaibing  fix 
carbon  atomt : — ^ 


IndAK  of 

Mol.  Vol. 

-1 

W  VV  mV 

11 

For 

For  D 

Bensene.  C^li,    .  . 

.  t  M967 

0*8799 

88-65 

2503 

98-18 

Dihjdrobenzfme,  C.ir. 

.  '  1-4699 

OS478 

94-36 

26-33 

2651 

Tetrahyf1rob4'Tiz««!i«\  C,H,n 

1-4435 

0-8102 

101-21 

26-87 

27-01 

Hexahydrobt'Lzene,  C,H,j 

i  1-4260 

0-7900 

107-20 

27-56 

27  66 

Hexanc,  C^H,,    .       »  . 

.  1  — 

0-6603 

13026 

29-70 

2^-84 

Hezyleoe,  CaU,(.  . 

0-C825 

128-08 

29  45 

29-61 

Diallyl,  C,H„     .  ♦ 

o-easo 

11918 

28-77 

2ti96 

Dipropargyl,  C,H,     .  , 

:|  = 

0-8019 

M-91 

26-57 

25-7i 

DUpenicm  ^  Sjfdrcearbotu, 

MoL  refnirtion  for  H^H«  Diq>erwoa 

Dihvdroljenzene      •      •       .    27-511-26  145      =  1  36M 

Tetrali^drobeniene  •      •      .   27-837-27  035      =  0  802 

HeatajdrobeniMie  .      .      .   28*292^X7*678  '  =  0-714 


Stohmann  and  Langbein  ^  give  the  following  tabulated  results  : 


He»i  of  Cooibtistum  of  I'gmu  Molecule 

Beat  of  FVnr* 

ination  from 
Elemeutft 

» 

• 

Conelant  Pressare  ^CouHUi>liT«mpe|raturo 

DihrdroboBMiie, 

Tetrahydrobenzere,  C,H„. 
UesahjdzobenzeQe,  C«H„  . 
Jbnnl  Imame,  C,H,« 

848  0  Gal.                846  8  CaL 

8920    „  8SK)-6 
933  2    „  -       1        981-5  „ 
991-2   „         !  — 

-  8  0Cal. 
+  17-0  ,. 
+  44-8  „ 
+  65-8  „ 

Tn  coniparinj^  the  clipmif^al  behaviour  of  these  scrios  it  will  ])prhaps  be 
l»est  to  consider  a  lew  typical  reagents  and  briefly  discuss  their  action. 
Generally  speaking,  however,  the  properties  of  hydro-aromatic  substances 
are  the  same  as  those  of  aliphatic  bodies  as  modified  by  the  presence  of 
a  ring  and  well  iUnatrated  by  the  hydrqphthalic  aeida  <p.  130). 


Beagent 

Aliphatic 

Hydro-aromatic 

■  Aroooatio 

Sataiatod  jUnMlantea 

Setoimted 

UnaatHrated 

Hydrogen 

Addition 

AddiUon 

Does  not  add  on  readily 

to  bcDzenu  and  homo- 

log  ues  ;  bat  is  added 

readily  t6  carbozylio 

acids. 

Replaces 

Replaces 

Replaces  halogen  with 

lialofjen 

halogen 

great  difficulty. 

Chloriiie 

SabstitU' 

Addition 

Substitu- 

Addition 

Substitution  or  addi- 

tion 

tion 

tioo,  according  to  con- 

ditions. 

Sulphoric 

Solpboiiates. 

Acid 

'  Compare,  Bruhl,  J.pr.  Clem.  [2],  49.  201,  and  Ber.,  1894,27,  1065;  Fortey, 
J.CJS.,  1898.  72^  982 ;  Ferkin,  Ber^  1902, 86, 2102.  '  J,  jw.  Ckm.  [2],  48, 447. 
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Nitric  curid. — It  is  generally  fitated  that  nitric  acid  has  no  action  on 
the  saturated  paratiins,  but  it  acts  readily  on  unsaturated  and  aromatio 
bodies,  producing  oxidation  in  the  first  case  and  nitro>oompoaiulB  in  the 
seoondL  This  statement  is,  however,  not  strictly  true  as  regards  tlie 
paraffins.  Hnoh  work  has  recently  been  done  in  this  direction,  for  a 
detailed  account  of  which  the  following,  among  other  paper%  mhy  be 
consulted.^ 

It  is  true  that  at  orclinary  temperatures  the  paraftiiis  remain  practi- 
cally unacted  on  l>y  nitric  acid  in  any  form,  and  that  normal  paraffins  are 
slowly  decomposed  hy  fuming  nitric  acid  on  heating,^  but  the  isoparaffiufi, 
ijtohexane,  wopeptaae,  t/tooctane,  and  diisohxityl  are  very  readily 
attacked  by  fnming  nitrio  acid»  a  moderate  yield  of  mtro-oomponnd  bein^; 
obtained  in  each  ease.* 

Hoxahydrobenzene  is  only  attacked  when  heated  with  fuming  nitric 
acid,  giving  a  dibasic  acid,  and  its  methyl  derivative  is  directly  broken 
down.  TjCss  concentrated  nitric  acid  at  high  temperataivs  fji  ves  sc^condary 
nitro  compounds  in  addition  to  dibasic  acids,  and  with  metbylhexabydro- 
benzene  a  tertiary  nitro-derivative  is  obtained. 

On  hydro-aromatic  substances  containing  double  bonds  nitric  acid  acts 
as  an  oxidising  agent ;  in  some  cases  lUtnHleriyathres  are  formed,  which 
are  usually  aromatic  bodies.  Presumably  nilric  add  first  removes 
hydrogen  atoms  by  oxidation,  and  then  nitrates  the  aromatic  IxKiies  so 
formed,  e.g.,  the  production  of  nitro-xylenes  from  dimethyldibydrobensene 
^see  p.  134). 

With  aromatic  sukstanco.^  nitric  acid  nitrates,  and  when  oxidation 
does  take  place  the  side  chain  is  the  attackable  point. 

Oxidising  agents. — These  react  witli  hydro-aromatic  substances  exactly 
as  with  aliphatic  bodies,  oxidation  taking  place  at  a  double  bond,  e  y., 
1:1-  dimethyl  -  ^  ,  .  4  -  dihydrobenzene  gives  «M-dimethylsuocinic  acid,* 

^CH  =  CH  ^COOH 
(CH^,C  ^CH  (CH,),.C 

\CH,-CH  NjH,  .  COOH 

and  dimethyldihydroresoroin,  which  contains  a  double  bond  and  a3so  a 
carbony]  group,  yields  /3iJ-dtmethylglntario  add  on  oxidation.  The 

^CH,  .  CO  XB,  .  COOH 

(CflJg.C  ^CH  CCHJj.C 

\CH, .  COH  \CH, .  COOH 

methyl  groups,  however,  remain  intact^  whereas  in  an  aromatic  body 
the  side  chain  is  the  attsickable  point  and  the  ring  remains  unbroken. 

Two  other  points  may  be  worth  mentioning  in  connection  with 
dimcthyldihydroresorcin.  The  hydroxy!  group  has  the  characteristics  of 
a  phenolie  rather  than  an  alcoholic  group.   The  substance  gives  a  violet 

'  KonowalofT.  Bcr.,  1892,26,  R.  108  ;  J.  Jluss.  Phy».  Chetn.  Soc.,  1899,  31.  ST. 
254,  10'J7  ;  and  1901.  SS,  48,  393  ;  Ber.,  1S99,  32.  1445  ;  Markownikoff.  Mrr.,  im, 
30,974.  1222;  nrd  1899.  32.  1441;  1902.  35,  ir,Hi  ;  also  3}<6 ;  Jnnalf^n,  1898.  301. 
201 :  Zehn.<ky,  1897,  30,  389 ;  Francis  and  Youuk,  J. CIS:,  1898»  78,  928  i  Pwu  Cent. 
BUkU.,  1902.  li.  16. 

*  Normal  bezsneand  octane  yield  with  dilute  >  iiric  acid  secoodary  nitxo  com- 
pounds in  nearly  theoretical  aiuoQ&t  (KonowalotT.  />Vr  ,  1892,  25,  B.  168). 

*  Francis  and  Young  {Jthid.),      .    *  Cmssley  and  Le  Sueur,  J.CJS.,  1902,  81,SSG. 
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c  'loration  with  ferric  chloriih',  and  caustic  potash  replaces  the  hydropm 
atom  of  the  hydrowl  group  by  potassium,  giving  a  salt  which  is  stal>le 
ia  aqueous  solutiou,  thwi  resembling  potassium  phenolate,  and  not  potas- 
sium  etfaylate. 

Diinethjldibjdroresoraii  leadilj  gives  *  ino&oUromo-deriFative,  ia 

.CH, .  CO 
\CH,  .  C  .  OH 

which  the  bromiiiaalom.i8  very  stable  towards  alkali/  thus  resembling  the 
bramine  atom  in  an  aroowtio  nadeus  rather  than  in  an  aliphatic  body. 


Ware-hTujih  Tables  of  Uie  Spectra  of  the  Elemmts  (ind  CompoundB, — 
Meport  of  the  Gomrnitfee,  con.tiAinrf  nf  Sir  H.  K.  U08COB  (Chair^ 
fium).  Dr.  Mahshall  Watts  (Secretary)y  Sir  J.  N.  LocKYBB,  Pro- 
fessor J,  Dewar,  Professor  (J.  D.  Liveing,  Professor  A.  Schuster, 
Professor  W.  N.  Uartlet,  Professor  Wolcott  Gibus,  and  Captain 

^ir  W.  OE  W.  AB2CET. 


Ikfra-rsd  Arc  Spectra  op  the  Alkalies. 
LebmaBD, « Ann.  d.  PhyMk,'  t.  ▼.  1901,  p.  638. 
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TbORIIXM  <ULTRA-VIOLliT  SPABK  SpBOTRUM). 

Exncr  and  Haschek, '  Sitzber.  kaiserl.  Aka<l.  Wiasensch.  Wien,'  cviii.  1899. 
Lohse.  Bed.  Akad.,  1897. 
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Thorium  (UltraoVIOLkt  Spaxk  Spectbux)— 
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THOBIUM  (ULTBA- violet  SFAUK  mVECTRUU)— continued. 
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9f%e  Nature  of  AUoys, — BepoH  of  Hie  CcmmUtee  eomisthui  o/Mr.  F.  H. 
Neville  (Chairman  and  SecroUm/)^  Mr.  0.  T.  Hetcock,  and 
Mr.  £.  H.  GfiiFFmiB. 

The  research  for  which  this  Committee  was  formed  is  completed,  and  a 
tnmmaiy  of  the  results  hta  been  published  in  the  'Prooeediugs  of  the 
Eoyal  Booiety/  vol.  buz.,  p.  320.   A  copy  of  this  paper  has  been  sent  to 

the  Secretary  of  the  British  Association. 

The  work  consists  in  a  study  of  the  chemical  conipounds  and  solid 
solutions  to  be  found  in  alloys  composed  of  copper  and  tin. 

At  least  three  series  of  solid  solutions  are  formed  during  the  solidifica- 
tion nl  these  allocs. 

The  first  senes,  which  may  be  called  Alpha,  oonsists.  of  crystals, 
isomorphous  with  pure  copper,  and  varying  in  composition  from  pure 
copper  to  an  alloy  containint;  about  9  per  cent  by  weight  of  tin.  These 
alloys  solidify  to  a  uniform  mass,  and  apparently  remain  unchanged  at  all 
lower  temperatures. 

The  second  series,  which  may  be  call^  Beta,  contains  percentages 
of  tin  varying  from  22*5  per  cent,  to  32  per  cent.  Alloys  between  9  per 
cent,  and  22  5  per  cent,  of  tin  solidify  as  a  complex  of  Ofystals  of  Alpha 
and  of  Beta.  But  all  the  alloys  from  9  per  cent,  to  32  per  cent,  of  tin 
undergo  important  re -crystallisations  after  they  have  wholly  solidified, 
and  their  tinal  condition  below  500°  C.  is  that  of  a  complex  of  Alpha  and 
a  crystalline  body  which  is  probably  Cu^Sn. 

Alloys  from  32  per  cent,  of  tin  to  67  per  cent,  b^gin  to  solidify  by  the 
formation  of  a  third  type  of  crystalline  solid  solutions,  which  may  be  called 
Oanmia.  Bat  the  Gamma  crystals  break  up  at  lower  temperatures  into  a 
complex  of  crystals  of  the  body  Cu  ,Sn  and  another  substance.  The  alloy 
of  the  formula  CujSn  is  apparently  a  solid  solution  when  first  solidified, 
and  is  not  converted  into  the  compound  until  a  lower  temperature  is 
rescbed. 

Gamma  crystals  containing  more  than  41  per  cent  of  tin  have  the 

peculiarity  that»  in  cooling,  they  break  up  into  solid  CujSn  and  a  liquid. 
Between  57  per  roTit  of  tin  and  93  per  cent.,  the  first  solid  that  forms 
when  the  liquid  alloy  begins  to  solidify  consists  of  crystals  of  Cu-,8n  ;  but 
when  the  temperature  falls  to  400°  C.  these  crystals  become  unstable,  and 
a  reaction  takes  place  between  them  and  the  liquid,  which  results  in  their 
partial  transformation  into  a  body  that  is  nearly,  or  quite,  pure  CuSn. 
Between  93  per  cent,  and  99  per  cent,  of  tin  the  substance  CuSn  is  the 
first  body  formed  during  solidification.  Between  99  per  cent,  and 
100  per  cent,  tin  appears  to  crystallise  first. 

Assuming  the  alloys  to  have  been  cooled  with  sufficient  slowness,  we 
may  summarise  their  condition  at  ordinary  temperatures  as  follows  : — 

0  to  9  per  cent,  of  tin. 

A  uniform  soUd  solution  (Alpha)  of  copgm  containing  tan,  or,  more* 
probably,  containing  a  compound,  in  solution. 

9  to  25*5  per  cent*  of  tin* 

A  complex  of  large  o^stals  of  Alpha  In  ft  mmvte  etttectie  ol  Alpha 
and  Cu^Sn. 
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Sa-f)  to  32  per  cent,  of  tin. 

The  siinie  complex,  but  containiiif];  the  Cu,Sn  in  the  larger  crystalg, 
and  the  Alpha  only  in  the  minute  eutectic.  At  32  per  cent,  the  alloy  is 
pure  Cu^Sn. 

32  to  38-5  per  cent  of  tin. 

A  complex  of  Ca^Sn  and  CujSn,  or  of  two  ioUd  solations  of  theie 
substances.  At  38*5  per  cent  the  alloy  is  pare  OujSn. 

oS'o  to  93  per  cent,  of  tin. 

Large  crystalline  plates  of  CugSn  coated  with  a  hody  that  is  almost 
pure  CuSn,  the  whole  being  immeraed  in  a  eutectic  of  this  bodj  and  tin. 

98  to  99  per  cent  of  tin. 

Laiige  orjTstals  of  CoSn  in  a  eutectic  of  this  body  and  tin. 

99  to  100  per  cent,  of  tin. 

Large  crystals  of  tin  in  the  same  eutectie. 


I^nerlc  XajJdhalene  Derivatives. — Heporl  of  the  Committee,  consistinff 
of  Professor  W.  A.  TiLDEN  {Chairman),  and  Dr.  H.  E.  AbmstroXQ 
{Secretary),    (Drawn  up  by  the  Secretary,) 

Since  the  last  report  was  written,  the  behaviour  has  been  studied  of  the 
two  tri-bromo-j3-naphtho1s,  Nos.  1  and  2,  at  the  ordinary  temperstnre^ 
towards  an  excess  of  bromine  in  presence  of  aluminium  bromide.  Each 

has  given  two  penta-bromo-/?-naphthols^  the  structure  of  which  at  once 
follows  from  the  nature  of  the  quinones  derived  from  them,  and  the 
behaviour  of  the  latter  on  oxidation.  The  results  obtained  can  only  l)e 
explained  by  assuming  that  the  tri-bromo-)S-naphthol,  No.  2,  which  was 
provisionally  represented  as 


(Br  ?)  Br 


is  ill  reality 

Br 


It  foUowfl,  therefore,  that  the  new  di-bromophthalic  acid  (m.p.  195*196^ 
anhydride,  147**5)  derived  from  this  tri-bramo-/3-naphth<^  by  oxida- 
tion, is  a  3  : 4  di-hromophtheUic  acid. 

The  following  scheme  illustrates  the  resulte  obtained  : 
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r.r  lir 


CO 

FI>'<.-ii4  *  i>otita  bromo- 
^najihthol,  ro.p.  243*  ; 


Rr 

Br/\/\0H 


Br  0 

Ur 

Tetrft-bfouK)  qiiUioue, 

ai.p.  »4^ 


Rr  O 


Br 


Br 

Vev  pttttirbwio  ^  iMiphthal, 
sot*.  tkndernaedKt. 


Brl^^;00,H 

I5r 

Tri-bromophltinllo 
IKiil.  ni  p.  21>/^  :  an/If' 

Br 

Br/\00,H 

T»tr»-biro«DopbthaU« 
Mid.  ni.pw  Ml-S6e* : 
mHkfdrUe,  ntp.  Mt*. 

The  nature  of  the  two  pentu-bromo-^-naphthols  obtained  as  ultimata 
prodacu  ou  brommating  1  :3  :  G-tri-brouio  /i-uapbthol  is  establUhed 
d»  iMt  that  ttu/y  are  both  formed  on  brominattng  1:3:4: 6-tetra- 
bNiDo-2-Daphthol  (m.p.  172^),  <^  ^  loUowiog  oomaiderations  :^ 

Br  o 

Br^^Y^OH      Br^V^O  Br/\x),H 

Br^CO,E 


quIiMMiCk  ai.|i»  St; 


Br^^/Br 


Br 


Br 

H 


JJJbt  BrlJjBr 


Br 

TcCra-bromo. 
^<iaphtha  qainooe, 

lD.|l.so•^ 


U-brDiDo-^<4«|lllliial, 
Bl.fi.  IM*. 


Br 

juphUtui,  oi.pl  ns^ 


Br  0 


Di-brono* 
pbttMlleadd 
(Brttok'). 

Br 


Br 

PentA-broiDO- 
/S-uapbtbol, 

Br 

Brv^/Br      Br^^IlBr  Brl^COJI 

Br  Br  Br  Br  Bt 

Finte'bnraio-^-naphthol,  PMit»>biroiiM  Tri^brooMV 

in.p.  2250 ;  nr«-ra/^      qilliaOIM^ia.|».Sll«.  phthalir  fu!.l, 
m.p.  215  \  m.p.  Slu". 

Fiessa  hiis  previously  -  described  the  penta-bromo-naphthol  melting 
at  243'  as  melting  at  237°,  and  the  derivKl  tetra-brorao-/?- naphtha 
qainone  (m.p.  214°)  as  melting  at  164°  ;  but  his  (juinone  separated  from 
all  loWents  only  in  '  crystalline  granules,' whereaa  the  substance  melting 
it  214"  forms  magnificent  flattened  needlee.  Flessa's  tri-bromophthalio 
add  melted  at  191*  and  tlie  anhydride  at  157** ;  whereas  the  acid  mm  the 
qmnone  melting  at  214°  melts  at  210°,  and  its  anhydride  at  178''.  The 
itmetaxe  of  thu  acid,  which  has  not  hitherto  been  established,  follows 
from  the  results  represented  in  the  above  schemes ;  it  is  3  : 4  : 6  In- 
bromophthalic  acid. 

It  is  of  great  interest  that  whereas  two  of  the  penta-bronio- 
j3-iiaphthols  give  tetra-bromo-.o-naptha  quinones  in  the  normal  manner, 
when  the  bromo-nitro-keto  compounds  are  decomposed  by  boiUng  with 
^tdaX  acetie  add,  two^  vis. — 

Br  Br 
and 


Br(?) 


'BtOck,  Ber^  1901.  S74I;  Mid.  BLD.  tll-tl*°;  aabrdrkle,  m.p. 
-ometlwl  salt,  B.Bk  tl*.  t  StTn  n,  14T9. 

1902.  H 
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give  penta-bromo-/3-naphtha  quinonw  under  dmxlar  c(mditi<nii ;  in  these 
cases  podticm  8  ii  nnooeopied,  and  a  transCerenoe  of  btomine  takes  place 
from  position  1, 


Br  H\/NO, 


Br 


That  a  direct  transference  of  bromine  is  effected,  aad  that  the  product 
is  not  formed  by  l)rominatioQ  of  a  tetra-bromo  quinone  formed  in  the 
first  instance,  is  proved  by  two  facts :  (1)  that  nearly  a  theocelioal 
amount  is  (Stained,  showing  that  none  of  tiie  bromine  can  be  eliminated 
as  hydrogen  bromide ;  (2)  that  the  cmde  product  is  pure,  showing  the 
entire  absence  of  a  tetra-bromo  quinone.  It  is  to  be  supposed  that 
if  rebronii nation  were  to  occur,  a  mixture  of  tetra-bromo  and  penta- 
bromo  quinones  would  bo  forme<l,  as  a  mixture  of  6-bromo  and 
4  :  6-dibromo-/?-naphtha  quinones  is  obUiined  on  deoompofiing  the  nitro- 
keto  compound  of  1  : 6-di-lwooio-/3-naphtiioL 

Snch  a  transference  of  bromine  oooors  only  in  the  case  of  the  penta- 
bromo-naphthols,  and  has  not  been  observed  in  the  case  of  lower 
brominated  naphthols,  in  which  position  8  is  nnooonpied.  It  ahoold  be 
noted  that  whilst  this  poeition  is  free  in 


Br 


OH 


Br 


Br 


Br 


the  bromine  atom  in  position  7  apparently  preventa  the  transference  of 
bromine  into  position  6,  although  in  the  case  of 


Oil 


Br(t) 


the  presence  of  a  bromine  atom  in  position  7  doea  not  prevent  the  forma* 

tion  of  a  penta-bromo  quinone. 

The  properties  of  3  :  (j-di-bromo-^-napiitlia  quinone  have  been  more 
fully  studied  during  the  year.  This  substance  is  remarkable  inasmuch  as 
it  is  far  more  unstable  than  any  of  the  other  brominated  quinones.  When 
kept  in  the  dry  state  lor  several  months  it  is  tnuBsformed  by  atmospherio 
oxidation  mto  3 : 6-di-bromo-2-hydK»7-l :  4-naphtha  quinone. 
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Whon  its  solution  in  ethylic  acrtato  is  exposed  to  light  and  air  for 
several  days  another  remarkable  clmuge  occurs,  the  quinone  being  tranfi- 
formed  into  a  brick -red  crystalline  substance,  insoluble  in  all  solvents, 
which  has  the  conipoiiition,  CjoHyBiaO^  (C  =  43  55,  li  =  1'28,  Br  =  43*54, 
O  » 11*61 ; /ound;  Gs  43*83^  H»l  -74»  Br  as  43-07,  0^:11-36  per 
cent.). 

Taldog  into  aoootint  the  iaet  that  the  bromine  atem  in  podtioii  3  of 
the  quinone  is  vecy  easily  removed  Irani  the  nnoleufl^  9B  ia  tbe  prodoo* 

tion  of 

O 


Br 


NHFh 


—by  the  action  of  aniline  ;  and  also  the  reactivity  of  the  hydrogen  in  posi- 
tion 4  (oxidation  by  atmospheric  oxygen),  it  may  be  supposed  that  the 
oondensadon  prodnct  is  a  ai-naphthyl  di-quinone^ 


O 


Br 


O 


0 


Br 

The  behaviour  of  3  :  6-di-bromo-p-naphtha  quinone  under  the  influence 
of  light  and  various  solvents,  and  under  the  action  of  alkalis,  is  being 
investigated. 
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Jsomorphous  Sidphonic  Derivatives  of  Benzene. — Third  B&port  of  the 
Committeey  con^iidiag  of  Professor  H.  A.  MiERS  (Chainn^ui),  Dr. 
H.  E.  Armsiroxg  (Secretary),  Dr.  W.  P.  Wynne,  atul  Mr.  W.  J. 
1*0PE.    (Drawn  up  by  tits  Secretary,) 

The  crystallograj^hio  study  of  the  1:3:5  aeriet^  the  aeetmd  of  the  three 
•eries  A  sulphonio  ehlorioea  and  bromides  to  be  derived  from  the  1 :  S- 
didiioro-,  ehk»robromo-  and  dibromo-benzenee  exemined  thne  fwr,  hae  hem 
|»raotica]iy  eomplet«d  by  Dr.  Jee  during  the  past  jear.  The  results  are 
even  more  striking  than  those  obtained  in  the  case  of  the  1:3:4  wriei^ 
as  there  is  evidence  that  the  compounds  constitute  not  merely  an  isofrt- 
morphous  group,  as  in  the  latter  case,  but  an  isoMramorpbous  gronpi  M 
ghowQ  in  the  following  table  : — 


Orientation 

Crystollographic  Sy»teins 

• 

ICoOMyiU 

1 

CI 

CI 

SO,Br 

Stable 

Stable 

2 

CI 

Br 

SOjBr 

Stable 

Br 

Br 

80,Br 

Stable 

Labile 

Br 

Br 

S0..C1 

Btable 

G 

r.r 

CI 

so.]ci 

Stable 

6 

CI 

CI 

SOjCl 

Stable 

1 

••seriei 

iMeriM 

Y-sariei 

In  thli  series  the  dibromobenzenesulphobromide  has  agptin  been  the 
means  of  formulating  the  relationships  between  the  varioos  terms,  having 

been  obtained  in  two  distinct  polymorphic  forms.  But  in  comparison 
with  the  1  :  3  : 4  series  the  order  of  stability  is  reversedi  the  transition 
temperature  becoming  lower  in  passing  down  the  series. 

It  is  proposed  to  submit  an  account  of  the  results  obtaine<l  in  the 
case  of  the  1:4:  5(S0,H),  1:3:  4(fc50aH),  and  1:3  : 5(S0,U)  seriei  to 
the  Royal  Society  iu  the  autumn. 

The  third  series  of  the  1 : 3  derivatives,  in  which  the  sulphouic  group 
is  between  the  halogens,  has  yet  to  be  examined.  Very  great  diiBcnlty 
has  been  experienced  in  preparing  the  neoesiaiy  material,  but  metiiodis 
have  now  been  devised  which  promise  success.  Thus  diorthobromo- 
benzenesulphonic  acid  has  been  prepared  from  diorthobromaniline  bj 
Gattermann's  sulphinic-acid  method.  Unfortunately,  the  corresponding 
dichlor-  and  chlorobromaniline  are  not  at  present  available,  and  therefore 
other  methods  of  preparing  the  dichlor-  and  chlorobrom  acid  need  to  be 
devised.  Apparently  these  will  be  ubiainable  from  tlie  dimeta-derivatives 
of  aniline. 

A  complete  series  of  1:2: 4(S03H)  derivatives  has  been  prepared, 
and  their  erystallographio^  study  will  now  be  undertaken.  To  complete 
the  investigation,  so  that  it  shall  comprise  all  the  series  derivable  from 
the  diohkwo-,  dibromo-  and  chlorobiomo-bensenes,  only  the  1:2:3 
(SO3H)  series  lias  to  l>e  prepared.  This,  agaioi  11  a  matter  of  oonsiderable 
dificalty,  requiring  special  investigation. 
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Progress  h&a  been  made  in  extending  the  investigatioh  to  the  com- 
parison  of  the  effect  produced  by  homologous  hydrocarbon  radicleSi  and 
also  in  contrasting  corresponding  sulphur  and  oxygen  compounds. 


Our  Present  Knon'I^Jfje  of  Aromatic  Diazo-compounds, 
By  Gilbert  Thomas  Morgan,  D.Sc.^  F.I.C. 

[Ordered  by  the  General  Committee  to  be  printed  ia  extenm^l 

Thb  aromatio  diaio-compoandsy  which  were  originally  discovered  by  the 

elasncal  investigations  of  Giiess,^  have  proved  to  be  substances  of  the 
Qtmoet  value  in  the  development  of  synthetical  chemistry,  both  from  the 
scientific  and  the  industrial  standpoints.  The  starting-point  of  these  far- 
reaching  researches  was  a  comparative  study  of  asparagine  and  picramic 
acid.  These  substances,  which  in  1858  were  assumed  to  be  compounds 
of  ft  iiniiiar  type,  behftved  quite  diflferently  towards  nitrous  aoid,  asparagine 
losing  the  whole  of  its  nitrogen,  whilst  picramic  acid  exchanged  three  of 
its  hydrogelki  atoms  for  one  of  nitrogen,  giving  rise  to  the  earliest 
known  diazo-com pound — namely,  dinitrophenoldiazo-oxide. 

It  is  interesting  to  notice  at  this  stage  that,  although  the  elimination 
of  amiuic  nitrogen  by  the  action  of  nitrous  acid  is  characteristic  not 
only  of  asparagine  but  also  of  the  majority  of  aliphatic  amino-compounds, 
yet  the  preparation  of  aliphatic  diaio-denvatives  has  been  accomplished, 
and  the  new  field  opened  up  by  the  discovery  of  ethyl-diazo-acetate  ^  has 
yielded  a  rich  harvest  culD^inating  in  the  isolation  of  hydrazine,  hydrazoic 
acid,  and  diazo-niethane.  These  important  contributions  to  the  chemistry 
of  nitrogen  will  not,  liowever,  be  further  discussed  in  this  report,  which  is 
restricted  to  a  consideration  of  the  aromatic  diazo-compounds,  a  class  of 
substances  derived  from  the  hydrocarbons  of  coal  tar. 

The  action  of  nitrons  aoid  on  picnunic  acid  is  now  interpreted  in  the 
following  manner, 

0:H  HO  i  .0 

(no^Ah/  1  r  r  «  (No,)AH<  I  +  aH,o, 

L.'  1 

the  product  being  regarded  either  as  the  internal  salt  or  the  8S0*ftnhydride 
of  dinitrophenoldiazo-hydroxide  <N02)2CcH2(OH)N,OH.  ^ 

Qriess  next  extended  the  investifpiktion  to  aniUne^  with  the  result  that 
diaxoaminobenjfiene  was  produced, 

OsHjNH  j  H         HO  I 

-  OtH«Nfi.N,0A+2H,O, 

CgHjN  H,  a;N 

:  : 

I 

>  AlwaUnt         106, 123  \  1860,  163.  £01  j  1660,  137,  39. 

•  Onrtias,  J^.,  1888, 18. 2880. 

•  H^ntSNb.  B9f,t  1888.  t8«  I6881 
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and  a  saliBeqiMiit  modification  of  the  experinMntal  conditums  kd  lo  tlie 
diwoveiy  of1benMfldi»aoiiimn  nitmtei 


These  three  substances,  the  eso-anhydride^  the  diatoamine,  and  the 

diazoniam  salt,  each  containing  a  diazo-complex,  Nj,  attached  to  one 
aromatic  nucleus,  are  typical  examples  of  three  important  claaaes  o£ 
aromatic  diazo-compounds. 

The  process  of  converting  the  salt  of  a  primary  aromatic  amine  into 
the  corresponding  diazonium  derivative  is  termed  diazotisatiou,  and  this 
importe&t  ogau&ia  may  be  mitably  considered  under  a  separate  heading. 


I*  27(6  Preparation  and  Practical  Application  of  Diazo-compoutide, 

A.  Tk§  Dian-neaeHon, 

fieHBenediasoninm  nitiate^  the  substance  formed  by  the  actSon  of 
tiitnms  fames  on  a  coUl  aqneoos  solnticm  of  aniline  nitrate,  was  foond 
to  be  a  highly  exfdosive  salt  readily  soluble  in  water  or  alcohol.  On 
account  of  these  properties  the  isolation  of  the  salt  and  the  oomspondiag 

ehloridc  and  sulphate  is  a  somewhat  difficult  and  dangerous  operation, 
and  for  many  years  the  propertieji  of  these  substances  were  studied  in 
the  solutions  obtained  by  the  action  of  the  alkali  nitrites  on  the 
primary  aromatic  base  dissolved  in  excess  of  cold  dilute  acid.  It  has 
been  found  by  colorimetric  and  electrolytic  determinations  of  the  velocity 
of  this  reaction  that,  in  the  absence  of  disturbing  influences^  all  the 
aromatic  amines  aro  diasotised  at  approximately  the  same  rate.' 

It  is  however  sometimes  necessary  to  operate  with  the  dry  diazoniam 
salts,  and  these  may  be  prepared  by  the  action  of  amyl  nitrite  on  solutions 
of  the  salts  of  the  amines  in  absolute  alcohol,'-'  or  glacial  acetic  acid.'' 

Excess  of  acid  should  be  avoided  in  these  preparations,  for  the 
diazonium  chlorides  derived  from  the  halogen-substituted  anilines  combine 
With  hydrogen  chloride,  forming  acid  salts  of  the  types  RNoCl.  HCl  and 
3RN2CI,  HCl,^  these  products  being  less  stable  than  the  lioruial  salts 
tbemselveB. 

Bamberger  showed  that  pure  benzenediaflonium  ofaloride^  when 

dissolved  in  water,  gives  a  neutral  reaction  and  differs  in  this  respect 
from  aniline  hydrochloride,  the  solution  of  which  is  acid,  owing  to  the 
hydrolytic  dissociation  of  the  salt.  This  result  indicates  that  the  strength 
of  the  diazonium  V>ase  is  much  greater  than  that  of  the  oorrespondiuig 
primary  aromatic  amine. 

Griess  found  that  the  introduction  of  a  diazonium  salt  into  the 
alkaline  solution  of  a  plienol  resulted  in  the  formation  of  an  intensely 


*  Hactzsch  and  Schumann,  B&r.,  1809,  32,  1G91 ;  1900,  83,  627. 

<  Kuoevenagel,  IKm*.,  1890,  S8, 2094 ;  Bamberger,  Ber.,  1896,  89,  446. 

*  HantEBch,  Ber.,  1897,  80,  92;  1901,  H,  8887* 

*  B9r,,  1897, 80, 1148  and  1158. 
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coloured  substance  containing  the  diazo-oomplex  N  :  N,  attached  to 
a  woond  aromatic  nucleus, 

CeH^NjCl+HCAOH  =  CsHiNfCaH^OH+HCL 

Thew  produets,  which  are  oftlled  aio-com pounds,  are  alao  prodaeed 
either  by  the  reduction  and  coolesoence  of  two  moleculeB  of  a  nitro- 
compounrT,  or  by  the  condensation  of  the  nitroao-oompoiinds  with  the 

primary  amiues.^ 

On  account  of  their  condeuhation  to  form  azo-compounds  and  their 
ready  reduction  to  hydrazineSj  the  diazunium  salts  were  for  many  years 
aMomed  to  have  the  constitution  R.N:K.G1,  a  formula  which  was 
sogt^Tht  ed  by  Kekule,  although  Strecker,  Erlenmeyer,  and  Blomstrand  had 
at  different  times  advocated  the  claims  of  the  symbol 

R.N.C1. 

N 

According  to  the  former  view,  which  generally  prevailed  until  1894, 
the  diazonium  bases  are  substances  of  the  oximc  type  RN  :  NOH,  and 
this  formula,  which  satisfactorily  accounts  for  the  fact,  tirst  noticed  by 
Griess,  that  beiizenediazonium  liydroxide  forma  a  potassium  derivative,  is 
not  oppo8e<l  to  the  general  behaviour  of  these  leases  and  tlieir  salts  when 
employed  in  the  various  synthetical  operations  which  engrossed  the 
attenniop  of  investigators  in  this  field  until  the  close  of  the  period  now 
under  review. 

The  qpnthetical  application  of  the  diasonium  salts  will  be  considered 
in  the  next  section,  since  it  does  not  necessarily  involve  any  discttsmoD  as 
to  their  precise  contiguration. 

B.  Diazo-compounds  as  Agents  in  Chemical  Synthesis. 

1.  Replnrnnntf  of  NH^  by  CI,  Br,  /,  CX,  CJW,  or  CiVS.— 
Griess's  re.seurches  on  the  production  of  the  halogen  derivatives  of  the 
aromatic  hydrocarbons  are  now  only  of  hii>toricai  iuterei>t,  since  the  methods 
commonly  employed  at  the  present  time  are  due  to  Sandmeyer  '  and  to 
O.ittt  rmann.^  The  latter  of  these  investigators  also  extended  the  scope 
of  this  synthetical  process  by  demonstrating  that  the  cyano  (CNO)  and 
thiocyano  (CNS)  radicles  could  also  be  introduced  into  the  aromatic 
nucleus  by  the  use  of  the  appropriate  diazonium  salt. 

•    The  course  of  the  reaction  between  diazonium  derivatives  and  cuprous  ' 
oalts  (Sandmeyer)  or  copper  powder  (Gattermann)  has  been  recently 
reviewed  by  HaintaMh/  whose  conclusions  may  be  summarised  as 
follows: — 

The  course  of  the  Sandmeyer  reaction  is  not  a  simple  one,  and  the 
final  result  is  due  to  the  simultaneous  eflect  of  three  concurrent  actions  ; 
(i)  the  formation  of  a  labile  diazonium  cuprous  double  salt,  which  sub* 
sequently  undergoes  decomposition  in  such  a  manner  that  the  radicle 
originally  attached  to  copper  migrates  to  the  aromatic  nucleus ;  (ii)  a 
catalytic  action,  which  becomes  the  main  reaction  whoi\  copper  powder  is 
employed,  whereby  nitrogen  is  eliminated  from  the  diaio-salt)  so  that  the 

•  C.  MillB,  JVam.,  18nr>,  67,  0L>o.  »  Jhr.,  1H84.  17,  20r.O. 

•  Her.,  1890,  28, 1218 ;  m2,  26,  1074.  *  JJcr.,  1900,  83,  2644. 
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acid  radicle  bdComos  directly  attached  to  the  aromatic  nucleus  ;  (iii)  the 
formation  of  aso-compounds,  which  is  accompanied  by  the  oxidation  of 
the  cuprous  salt  to  the  capric  condition. 

The  concarrent  effect  of  the  6rst  two  reactions  was  demonstrated  by 

sulijfrtin^j  dry  TJ-bromohonzonofliazoniuni  broniido  to  the  action  of  cuprous 
chloride  dissolve<l  in  methyl  sulplii<le.  Tht^  ]iro(luct  consisted  cbieiiy  of 
/>-bromochlorobenz(aie  mixed  with  a  little  y/-tlibroino1>enzcuc. 

(i)  2BrC„H,N,Br  +  CuaC],=CuaBr,  +  2X,4-2C,Ii,ClBr. 
(d)   BrCeH^NjBr  =  N,+  C6ll4Br2. 

Cuprou"^  "bromide  and  /)-bromobenzer.eflia/'onium  chloride  yieldcfl 
/)-dibromobenzcne  contiinini*  a  little  /^-brmiio  hlorobonzenc.  In  both 
cases  the  tirftt  reaction  predouiinates,  and  it  may,  under  certain  conditions, 
prevail  to  the  almost  complete  exclusion  of  the  second.  Cuprous  iodide, 
for  example,  gave  rise  to  iodo-derivatives  only,  with  ▼arions  diasonium 
chlorides  and  bromides,  and  on  the  other  hand  the  interaction  of  cuprous 
chloride  and  b^nzonediazonium  iodide  furnished  chlorobensene  unaccom- 
panied by  iodobenzene. 

2.  Reidacement  of  NH^  bjf  XO-y. — The  introduction  of  nitroxyl  through 
the  agency  of  the  diazonium  salt  was  first  indicated  by  Sandraeyer,  and 
further  exemplified  by  Hantzsch  (/be.  eU,)  in  the  following  experiments  : — 

(i)  The  crystalline  double  salt  Hg(NOa)j,  2C,jHj>N,.NO,  (melting-point 
76°),  obtained  by  mixing  solutions  A  bensenediaxonium  nitrate  and  pofeas- 
iium  mercuric  nitrite,  decomposes  on  boiling  with  water  yielding  phenol  and 

nitrophenol,  but  when  treated  with  copper  powder  it  furnishes  a  quanti- 
tative yield  of  nitrobonzono.  (ii)  The  din/.onium  sulphates,  when  mixed 
with  a  freshly  prepared  suspension  of  cupro-cupric  sulphate  and  treated 
with  excess  of  an  alkali  nitrite,  give  rise  to  the  corresponding  nitre- 
derivatives ;  2:4:  6-tribromobeDzenediazonium  sulphate,  for  example, 
gives  a  65  per  cent,  yield  of  l-nitro-2  :  4  :  6-tribroniobenzene. 

/3-nitoona|^thalene,  a  substance  prepared  with  considerable  difficulty 
by  other  processes,  is  produced  from  /Vnapbthylamine  to  the  extent  of 
25  per  cent,  by  this  method,  whereas  Sandnu-yer,  who  employed  cuprous 
oxide  and  the  diazonium  nitrite,  obtained  only  7  i)er  cent.' 

3.  Formation  of  Conjugated  St/stnns  R.R  or  R.N  :  N.R. — The  third 
reaction  signalised  by  Hantzsch  may  be  rendered  more  apparent  hy 
reversing  the  usual  order  of  mixing  and  adding  the  cuprous  chloride 
dissolved  in  hydrochloric  add  to  the  cold  solution  of  the  diasonium  salt. 
Under  these  conditions,  aniline,  o-chloroaniline  and  the  o-  and  /^toluidines 
give  rise  to  appreciable  quantities  of  azo-compounds.  The  nitrated 
amines,  however,  V)f>liave  very  differently,  yielding  diphenyl -derivatives, 
this  resuli  l>ein«5  obtained  with  the  tlm-e  nitranilines,  o-nitro-/^-chloro- 
aniiine  and  o-nitroaniline-^-sulphonic  acid. 

2NOAH4N,Cl+Cu,Cl,  =  NO,CeH4.C4H4NO,+N,+2CuCl,. » 

This  type  of  condensation  is  also  brought  about  by  the  use  of  cuprous 

oxide  in  ammoniacal  or  hydroxylamine  solution.' 

4.  Introduction  of  the  ISulphonic  Radicle  SO ^F/.— The  replacement 
of  NH<2  by  SH  was  tir^t  accomplished  by  Leuckart,^  who  treated  the 

»  Jier.,  1887,  20,  1407. 

*  UUmaDU  and  Jb  urRan.  Her.,  1901,  S4,  3802;  Nicmentowski,  ihid.,  3325. 

*  AmuOm,  im,  810, 122.  «  Jmtfm,  j^rakt,  Chem,  [2],  41, 218. 


Digitized  by  Google 


ox  OUH  PRESENT  KNOWLEDGE  OF  AROMATIC  DIAZO-COMPOUNDS.  185 


diMObiiiiii  salt  vitli  an  alkali  zantbate  and  hydrolysed  the  resulting 
aromatic  xanthate,  tbtts  obtaining  either  the  thiophenol  or  the  disulphide 
produced  by  oxidation.  Either  of  these  products  yields  the  correspond- 
ing sulphonic  acid  on  treatment  with  alkaline  permanganate  solution.^ 

The  production  of  sulphinic  acids  by  the  direct  action  of  sulphurous 
•eid  on  oiaioiiiaiii.  aalts  appears  to  have  been  fint  observed  bj  Milller  and 
Wiennger.'  A  tiinple  proceas,  due  to  Gattermann,'  was  aooidentally 
discovered  during  an  investigation  of  o-metboxybenzenediaionium  chloride, 
when  it  was  found  that  this  salt  on  treatment  with  sulphurous  acid  yielded 
a  diazouium  sulphite  which,  on  mixing  with  copper  powder,  evolved 
nitrogen  giving  rise  to  the  corresponding  sulphinic  acid,  this  product 
being  subsequently  oxidised  by  means  of  permanganate  solution. 

In  general,  tlie  reaction  takes  place  moat  readily  with  the  dlanminm 
sulphate,  a  cold  solution  of  this  salt  in  a  large  excess  of  dilute  sulphnrio 
acid  being  aatwated  with  sulphur  dioxide  and  finally  treated  with  copper 
powder, 

In  the  case  of  the  diasotised  naphthylamines  it  is  better  to  add  their 
solutions  to  the  mixture  of  reduced  copper  and  sulphurous  acid. 

These  processes  for  the  productiot\  of  sulphonic  acids  have  not,  how- 
ever, been  successfully  applied  to  the  diazonium  salts  derived  from  the 
nitrated  aromatic  amines. 

5.  RejUdceinent  of  the  Diazo-radicle  by  Hydrogen. — The  method 
originally  employed  for  the  elimination  of  the  diazo-radicle  consisted  in 
bouing  the  diazonium  chloride  with  absolute  alcohol ;  this  operation  does 
not,  however,  invariably  give  the  required  result,  and  Hantzsch  ^  has 
accumulated  evidence  in  support  of  the  view  that  tlie  normal  decomposi- 
tion of  a  diazonium  salt  by  an  alcohol  leads  to  the  production  of  an  alkyl 
phenoxide.  Benzcnodiazonium  chloride  or  sulphate  when  boiled  with 
methyl  aloohcd  yields  anisole  unaccompanied  by  bensene.  Increase  in 
the  molecular  weight  of  the  alcohol  or  the  accumulation  of  negative 
sabstituents  in  the  aromatic  nucleus  diminishes  the  yield  of  ether  and 
augments  that  of  the  hydrocarbon.  Tlie  benzenediazonium  salts,  when 
treated  with  ethyl  alcohol,  yield  phenetole  and  a  trace  of  benzene  ;  their 
chloro-  and  bromo-dcrivatives,  when  boiled  with  this  reagent,  give 
halqgenated  benzenes  but  no  substituted  ethers,  whereas  methyl  idcMud 
converts  them  into  mixtures  consisting  chiefly  of  the  substituted  phenoxide 
and  a  small  quantity  of  the  hilogenated  hydrocarbon.  Numerous 
examples  of  this  reaction  will  be  found  in  the  work  of  Bemsen  and  his 
pupils.'^ 

In  the  case  of  diphenyltetrazonium  chloride  the  elimination  of  the 
diazonium  radicle  takes  place  in  two  stages, 

ClN,.CeH4.C6H4N,Cl  ->  CflH5.0eH4NaCl  ->  CtH^.C^^H^.^ 

The  reversion  to  the  parent  hydrocarbon  is  more  readily  effected  by 
the  process  introduced  by  Baeyer  and  Pfitzinger,^  which  consists  in 
reducing  the  diazonium  salt  to  the  hydrazine  with  stannous  chloride^  and 

*  K.  Bayer  Sc  Co..  D.R-P^  70S80;  Wyuia  and  Brace,  Tnuu.t  1898,  V8»  788. 

»  Her.,  1870,  12,  1:M8.  "  Ber  ,  1899.  32.  1136. 

«  Jier.,  1901,  34,  3337.  *  Amer.  Chem,  J.,  16,  105 ;  19.  631,  647,  661. 

•JB^.,  1898,  81, 479. 

*  Bet  1886,     90, 786  (coDFaie  Wymie  sad  Bmoe,  toe,  dt). 
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subsequently  removing  the  hydr&zino-radicle  NH.NH2  bjr  boiliug  wiA 
eaprio  folphAto  iolatioii. 

Sodium  stMmito  has  been  reoommended  as  an  agent  lor  reducing 

the  diazonium  salt  to  the  hydrocarbon! :  CeHsNtCl+NaOH+NA^SoO, 
■■CeHe -hNj +Na^Sn03  +  NaCl. 

Mai  has  recently  found  that  ;>-toluenediazonium  chloride,  when  added 
to  a  strong  solution  of  hypophosphoroiis  acid  gives  rise  to  toluene,  the 
yield  being  67  per  cent.  Benzenediazonium  chloridf  yields  a  mixture  of 
benzene  (two  parts)  and  diplienyl  (1  part),  whilst  diazotised  benzidine  and 
a-naphthyiauune  furnish  diphcnyl  and  naphthalene  respectively.' 

-  6.  SuUUtuHon  of  NH^  by  OiT.— The  leplaoement  of  NH,  by  OH, 
although  an  extremely  important  aynthetioU  operation,  can  baraly  be 
indnded  amongit  the  modem  developmente  of  the  application  of  diazonium 
•altfl^  inasmuch  as  the  process  still  employed,  which  consists  in  boiling  the 
aqueous  solution  of  the  diazoniom  aalt^  is  a  legacy  derived  from  Qneas'a 
pioneering  researches. 

The  manufacture  of  the  1  : 4-  and  1  ;  8-  a-naphtbolsulphonic  acids 
from  the  corresponding  amino-compounds 

and  the  production  of  1  : 8-dihydroxynaphthalene  3  :  G-disulphomc  acid 
(chromotrope  acid),  may  be  cited  aa  examples  of  the  application  of  tfati 
process. 

7.  Miscellaiieoua  Suhstitutioru, — There  are  several  other  modes  of 
reaction  which,  although  of  less  importance  from  the  synthetical  point  of 
view,  are  nevertheless  of  interest  as  indicating  the  extremely  reactlTe 
character  of  the  diazonium  salts. 

(i)  The  amino  groups  in  certain  aso-deriTatiyes  of  /S-naphthylaminofoe 
replaced  by  the  acetoxy-radicle  when  tlieae  substances  are  duusotiaed  in 
warm  glacud  acetic  acid,^  and  Omdorff  ^  showed  that  this  reaction  maybe 
generally  employed  in  the  production  of  aromatic  acetates. 

(ii)  A  remarkable  example  of  intramolecular  change  was  noticed  by 
Hantzsch  in  studying  the  chloro-  and  bromo-diazonium  thiocyanates.* 
These  salts,  when  dissolved  in  alcohol  containing  a  trace  of  hydrochloric 
acid,  become  converted  into  the  isomeric  thiocyanobenzenediazonium 
chlorides  and  bromides, 

ClOeH4.Ng.CNS  CNS.CeH4.N,.Cl 

This  change  takes  place  only  when  the  halogen  atom  is  situated  in 
an  ortho-  or  para-position  with  respect  to  the  diaionium  group  ;  truiafor- 
mation  does  not  occur  in  the  case  of  m-chlorobenxenedianmium  thin* 

oyanate. 

The  extent  to  which  this  rearrangement  is  possible  is  best  indicated 
by  the  limiting  case,  '2  :  4  : 6-tribromobenzenediazonium  sulphate  in  the 
presence  of  excess  of  potassium  thiocyanate  actually  giving  rise  to  2  : 4 ;  6- 
trithiocyanobenzenediazonium  thiocyanate  (CNS)3CeHsNs.CNS. 

«  Friedlander.  Ber.,  1889,  82,  587.  «  Ber.,  1902,86,  162. 

•  Heldola  and  Bast,  Tnni,t  1688,  68,  460.   *  Amer.  Ch^.  /mmw.,  1888, 10,  868. 

*  Ser^  1896,  M,  M ;  1898»  81, 1868. 
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(iii)  Another  eztvemely  intemting  caae  of  moleeakr  reftrrangemeiit  ia 
the  oonversion  of  the  bromodiaeoniiiin  chlorides  into  the  iiomeric  chlorc 
diasonium  bromides.' 

This  tran-fn?  mation,  which  has  \m'n  stufHod  quantitetiTely,  is  a  mono- 
molecular  cliange,  subject  to  the  following  laws  : — 

1.  The  brominf  atoms  undergo  ropl.icement  only  when  prcsont  in  the 
para-  or  ortho  ]io.sition  with  respect  to  the  diuzo-radicle,  tlmse  in  the 
ortho-position  being  most  readily  removed.  Metabromo-derivatives  are 
not  affected. 

2.  The  ease  of  traoaionnation  increases  with  the  number  of  bromine 
atoms  present. 

3.  The  transformation  constant,  calculated  from  the  equation  k-s 
1/Mog  increases  with  the  temperaturo,  and  155  also  influenced 
by  the  solvent,  having  its  minimum  value  in  water,  and  becoming  greater 
as  the  series  of  alcohols  is  ascended. 

The  diasoninm  nits  containing  two  bromime  atoms  are  staUe  when 
dxy,  but  rapidly  undergo  conTersion  ih  ethyl  alcohol ;  2  : 4  : 6-tribrorao- 
bennnediasoninm  chloride  becomes  transformed  even  in  the  dry  state. 

(iv)  Dibenzoylhydrasdnes  RN(OOC6Ha)N(COC6H5)R  are  obtained  by 
treating  diasonium  salts  -with  an  aqueous  suspension  of  benaoyl  chlcwide 
and  copper  powder.* 

C  Diazo-cowpoumls  employed  in  the  Product  ion  of  Azo-cvloi/rifi'/  Matiers. 

1.  Aminoazo-coinponiiJs. — The  action  of  adiazoniuin  salt  on  a  primary 
aromatic  amine  gives  rise  either  to  a  diazoamine  or  an  aminoazo- 
compound,  according  as  to  whether  the  diazo-radicle  remains  attached 
to  the  aminio  nitrogen,  or  migrates  into  the  aromatic  nucleus.  Aniline 
and  its  homologues  and  substitutiim  products  yield  diaaoamines,  which 
are  often  capable  of  undergoing  rearrangement  into  aminoazo* compounds, 
this  change  being  effected  either  by  allowing  the  dinzoamine  to  remain 
in  alcoholic  solution  or  by  warming  it  with  a  mixture  of  the  parent  base 
and  its  hydrochloride.  The  latter  mode  of  transformation  has  been 
stodied  quaatitatiTely  by  Gkildsdhmidt  and  his  pupils,^  with  the  following 
results : — 

The  transforroatiou  of  diazoaminobenzene  into  aminoazobenzeuc  in 
an  aniline  solution  containing  aniline  hydrochloride  is  a  monomoleoular 
reaction,  the  velocity  of  transformation,  in  moderately  dilute  solution, 

being  proportional  to  the  temperature  and  to  the  amount  of  catalyst 
(aniline  liydrochloride)  but  independent  of  the  concentration.  Benzene- 
diazoamino-/y-toluene,  wlien  dissolved  in  aniline  tontiiining  its  hydro- 
chloride, becomes  converted  into  diazoaminobenzene  and  ^j-toluidine,  the 
resulting  diaioamine  then  undergoing  transformation  in  accordance  with 
the  preMding  roles. 

This  conversion  takes  place  more  slowly  when  the  diaso^radicle  shifts 
into  the  ortho-position  with  respect  to  tlie  amino-group.  The  trans- 
formation constant  of  diazoaminobenzene  at  45°  is  0*061,  whereas  tlio 
value  of  this  coethcient  for  diazoamino-p- toluene  is  only  0  0095,  the 
solutions  employed  in  both  cases  being  semi-normal. 

>  Hantucb,  £er.t  1897,  80,  233^;  Jourm,  proM.  Ckm.^  91,  88;  and  Ser^  1900, 
•  M0r.,  1902, 88, 1984.  •        1898, 28^  1889. 1889. 
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The  existence  of  analogous  intermediate  diazoamino- compounds  and 
diaBohydroxy-deriyatives  in  the  commercial  azo-oolouring  matten^  hnt  htm 
ly  demonitratod  by  Vaubel.^ 

Although  aailme  and  other  bennnQid  ptimary  amines  give  rise  to 
diazoamines  when  treated  with  diazoninm  aalts,  their  dialkyl  derivatives 
containing  a  free  para*poiition  with  respect  to  nitrogen  readily  furnish 
azo-compounds  of  the  methyl- orange  type.  The  fonnation  oi  iheM 
colouring  matters  is  governed  by  the  foliowii^  lawa  : ' 

(i)  The  velocity  of  formation  of  the  aminoaio-compoond  dependa  only 
on  the  nature  of  the  reagents  and  not  on  the  concentration. 

(ii)  In  coupling  the  hydrochloride  of  a  tertiary  base  with  diazobenzene 
sulphunic  acid,  the  interaction  occurs  between  the  diazo-compound  and  the 
base  set  free  by  the  hydrolytic  dissociation  of  its  salt. 

These  laws  are  deduced  from  the  following  facts  : — The  concentratiou 
of  the  hydrochloride  of  the  base  or  the  diazo-compound  has  no  influence 
on  the  velodty  of  condenfeation,  Ihtoeai  of  hydroofalorio  aoid  Immdi  the 
Tekmty.  The  formation  of  methyf  orange  or  the  correspouding  ethylated 
colouring  matter, 


when  carried  out  in  the  presence  of  different  acids  {c.^.^  acetic,  mono-,  di-, 
and  tri'Cfaloraoetic  adds  and  hydrochloric  acid),  takes  place  most  rapidly 
with  the  weakest  aoid,  the  ynhntf  decreasing  as  the  affinity  constant  of 
the  acid  increases. 

Azo-derivatives  of  the  aromatic  wi^^rt-diamines,  although  amongst  the 
oldest  of  tue  colouring  matters,  are  still  manufactured  on  a  large  scale  for 
the  use  of  the  dyer.  Bismarck  brown,  which  was  prepared  evan  befoie 
the  exact  nature  of  thediaao-reaction  hiul  been  elueidatcd,  is  still  employed 
in  the  arts,  and  the  precise  composition  of  the  commercial  prodnot  baa  only 
recently  been  established  by  the  researches  of  Tauber.' 

Chrysoidine^  first  introduced  by  Witt,^  also  maintains  ita  positioa 
against  the  newer  dyestufTs.  Its  hmnologues  and  substitution  products 
may  be  readily  and  quantitatively  prepared  from  any  of  the  derivatives 
of  m-phenylenediamine,  providing  that  these  substances  contain  at 
least  one  free  para-position  with  respect  to  an  amino-radicle.  If  this 
condition  is  not  fulhUed  the  production  of  an  azo-compound,  although 
still  possible  if  the  diamine  contains  a  free  ortho-position  with  raqieet  to 
nitrogen,  is  nevertheless  veiy  considerably  hindered.   The  fommtibn  of 


>  Zeit.  Farben.  Tcxtilchem.,  1902.  1,  8. 

*  Goldschmidt  and  Merz,  Her  ,  1807,  30,  670  and  2076 

*  Ber.,  1897,  80,  2111,  2899  ;  1900,  83,  2116 
«  Ber^  1877, 10,  606. 

*  MmgOt  SWmu.,  1802,  tl,  86. 
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takes  pla«6  with  oaoaidflrabla  difficulty,  and  the  yield  of  azo-compound  Ii 
•mall ;  moreover  the  complete  alkylation  of  the  ammo-radides  altogether 

prevents  this  condensation.* 

In  the  case  of  the  naphthylamines  and  their  sulphonic  acids,  the 
formation  of  ortho-  and  para-aminoazo-compounds  takes  place  with  equal 
readiness ;  ^-naphthylamine, 


however,  only  yields  aso-derivatives  when  the  positions  1  and  8  are 

unoccupied.  The  presence  of  substituent  radicles  in  either  of  these  posi- 
tions leads  to  the  formation  of  diazoamines,-'  and  there  appears  to  be  no 
tendency  for  the  diazo-group  to  migrate  into  position  3. 

2.  Hydroxyazo-compoumia, — ^The  formation  of  benzeneazophenol  by  the 
aetion  of  beBiepediaaopinm  chloride  on  an  alkalino  sdlution  of  phenol  is 
a  tyinoal  eiample  of  the  method  of  preparing  Uus  important  eUss  of 
sabatances.  Goldschmidt  {loc.  cit.)  found  that  the  essential  reagents  in 
thta  reaction  are  the  diazo-hydroxide  and  the  phenol  set  free  by  the 
hydrolysis  of  its  alkali-derivative.  Excess  of  alkali  hinders  the  condensa- 
tlon«  tlie  velocity  of  wiiich  diminishes  as  the  concentration  of  the  phenol 
or  diaiooompoiind  increases. 

Although  at  first  sight  the  mode  of  formation  of  hydrozyazo-oomponnds 
seems  to  leave  little  room  for  doubt  as  to  the  constitutictfi  of  the  products, 
yet  this  point  has,  for  many  years,  been  the  subject  of  considerable  contro- 
versy. This  discussion  arose  from  the  fact  that  certain  of  these  hydroxyazo- 
oonipounds  can  also  be  prepare  by  condensing  the  aromatic  hydrazines  with 
Quinones  ;  4*bfloaen»«so-a'naphtliol,  for  example,  can  he  obtained  either 
nom  benaenediaBonimn  chloride  and  a-naphthol,  or  from  phenylhydraane 
and  a-naphthoquinone.  Similaiij  the  corresponding  2-bensene  aio-a- 
naphthol  is  produced  either  as  a  by-product  in  the  former  of  these  reactions, 
or  by  the  action  of  phenylhydrazineon  /?- naphthoquinone,  and  the  alternative 
methods  of  foiiiiation  may  be  represented  in  the  following  manner  : — 

(i)  Aso-eondenaation, 


C^HjN,  OH  +  H  CioH60H  =  H,0  +  CfiH4.N,.CioHeOH. 
(ii)  Hydrazone  condensation, 

CcH^NHN'h,  +  0  i  C.oHflO  m H,0  +  CgH^NHN  :  C.oHjO. 
Sineotho  two  reaelions  give  riso  to  identioaUj  the  saoM  suhstanoe^  it 

»  ^KmUm  1902,  61,  GuO. 

«  Witt»  M«f.,  1888, 91, 8483 ;  Moigaa  TWmi:,  im,  %U  9h 
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follows  that  intramolecular  rearrangement  must  have  occurred  during  one 
or  other  or  both  of  these  condensations.  This  problem,  which  was  for 
lome  years  attacked  by  purely  chemical  methods,^  has  more  recent^  been 
approached  from  the  physico-chemical  side^  but  efven  now  the  qnestioii  can 
scarcely  be  said  to  be  definitely  settled*  The  cryoscopic  determinatiou 
made  by  Auwers  and  his  pupils  ^  indicate  that  only  the  ortho-hydrozy- 
azo-compounds  are  quinone-hydrazones,  the  para-derivatives  being  phe- 
nolic. Chemical  evidence  in  support  of  the  azo-formula  for  the  jvira- 
hydroxy-conipounds  is  furnished  by  Hewitt,'  whilst  Noeltings  results 
show  that  these  substances  may  also  react  as  hydrazones.* 

The  question  luis  again  been  i-evived  by  Ilantzscb,  who  places  the 
hydroxyazo-oomponnds  within  the  category  of  psen^adds.  XlMsa  aie 
acidic  substances  which  have  a  configuration  differing  from  that  of  their 
salts,  tautomeiic  change  taking  place  during  the  formation  of  the  metalUo 
derivatiTes : 

(+KaOH)         /  ^  (-H,0) 

yONa  \ 

CeH5NH.N  :  OjH^  C5H5NH.N  :  C^H^ (OH), 

^\>H  abnormal  hydrate. 

{-H,0) 

CfiHj.N  :  N.CfiH^ONa. 

The  substance  CeHsNNH  :  C6H4 :  O  is  a  non-electrol3rte^  and  hesiee  its 
salt)  when  dissolved,  should  cxliibit  hydrolytic  dissociation  ;  tius  however 
is  not  the  case,  the  metallic  derivative  behaving  as  the  salt  of  a  negatively 

substituted  phenol.  The  hydrates  of  the  azo- phenols,  isolated  by  Hewitt,  ' 
contain  only  half  a  molei  ule  of  water,  but  the  compound  CLCgH^NH-N: 
C„H3CH  iOH)o  has  been  oi>taiued  which  corresponds  with  the 
abnormal  iiydrate  re<|uire^l  by  Hantzsch's  hypothesis. 

The  manufacture  of  hydroxyazo-  and  aminoazo-compounds  has  acc^uired 
considerable  importance,  owing  to  the  fsot  that  the  products  of  tlifi  aetm 
of  diaiotised  bensiduie,  tolidine,  and  o-dianisidine  on  the  sulphonie  adds 
of  the  naphtiialenoid  amines  and  phenols  have  the  valuable  property  cf 
dyeing  unmordanted  cotton  ;  a  quality  which  is  also  sluufed  by  the  azo- 
derivatives  of  primulin  and  dehydrothio  /^-tolidine^  two  amines  *M\iri^r^twii>g 
sulphur,  which  were  discovered  by  Green. ^ 

The  sc»dium  salt  of  sulphonated  primulin  can  itself  be  dyed  on  cotton, 
and  after  being  diazotised  on  the  til)re  and  treated  with  a  solution  of 
a  suitable  phenol  or  amine,  it  gives  rise  to  an  insoluble  a/o-compoun<l 
which,  on  account  of  the  method  of  formation*  is  called  an  *  ingrain ' 
colouring  matter. 

These  insoluble  azo-compounds  may  also  be  produced  by  fint  im- 
pregnating a  textile  fabric  with  a  phenol,  and  then  treating  tiie  material 
with  the  solution  of  a  diasonium  salt.   It  was  in  the  course  of  an  investi- 

>  LiebenBa&D,  Ser,,  1883, 19,  2868 ;  Zincke,  Ber,,  1884, 17, 3026 ;  1887,  20,  3171 ; 
MeUlola.  Trans.,  1889,  66,  114,  003. 

3  Zeit./ur  Phys.  Chem.,  21.  356,  and  Ber.,  1900,38, 1302. 
»  Tran$.,  1900,  77,  99,  712,  810.  •  Ber.,  18«7,  20,  29d7. 

»  JBm*.,  1895,  tt,  799 ;  1898. 81, 2118.  •  Bor^  1889, 8t,  3089. 

*  ihMff.,  1889, 88»  227. 
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gatioii  on  diazo-compounds  employed  in  the  production  of  these  'ingrain' 
azo-componnds  that  Schraube  and  Schmidt  first  isolated  the  sOHMhlled 

*  i.<»odiazo- com  pounds.*  ^  This  important  discovery  inaugurated  a  new 
era  of  investigation  on  the  diazo-conipounds,  anf]  led  to  a  revival  of  the 
discussion  regarding  their  constitution,  a  question  wliich  had  been  in 
abeyaaoe  for  many  yean. 

n.  Tke  C<m$iiitttion  €f  JHasBO-eamponndt, 

A.  Mftnllia  Diaz/cnierimtive*. 

The  alkali  r>*ofHazo-oxi(les,  discovered  by  Schraubo  and  Schmidt,  arc 
prepared  by  adding  a  solution  of  diazonium  salt  to  a  warm  concentrated 
solution  of  an  alkali  hydroxide.  The  presence  of  negative  radicles  in  the 
aroiDtttio  niidiii  of  the  diAsomuin  salt  eaoset  the  tnnsformation  to  take 
place  more  readily  ;  the  conversion  of  }>«iutrobeiixeiiediaKoniam  chloride 
is  effected,  even  at  —10°,  whilst  the  rearrangement  of  the  unsubstituted 
diazonium  compound  requires  a  very  concentrated  solution  of  alkali 
hydroxide,  and  a  temperature  of  l.SO-HO".  The  more  aci»lic  diazo- 
compounds  are  transformed  even  by  the  action  of  the  alkali  carbonates.^ 
It  was  at  firat  snpposed  that  these  uodiaio-ozideB  were  metallic  derivativee 
of  the  primary  aromatic  nitrosamines,  the  tnuisConnation  taking  place  in 
aooordance  with  the  following  equation : 

C,H,K,Cl+3  KOH  s  KCl+H,0+CfiH5.NK.N0. 

This  view  derived  support  from  the  fact  that  those  metallic  derivatives 
showed  little  or  no  tendency  to  yield  azo-compuuads  with  aikaluie  solu- 
tions of  the  phenols ;  moreover,  they  yielded  nitrosaminoBof  thoseocmdary 
•minoB  on  aikyktion, 

ENENO  ->  RNCH3.NO. 

That  the  nitrosamine  formula  is  insufficient  to  account  for  all  tiie  reactions 
of  the  Modiazo-oxides  was  soon  shown  by  von  Pechmann,  who  obtained  an 
oxygen  eUier,  KOaCQH4N20CH3,  from  silver  iso-p-nitrobensenediaao- 
oxide ;  this  meitfayl  derivative  has  the  properties  of  a  diazonium  aalt^ 
yields  azo-compounds  with  the  phenols  and  a  diazoamine  with  aniline,  and 
it  evf)lves  nitrogen  on  boiling  with  water,  ;)-nitrophenol  being  simulta- 
neously produced.  It  therefore  follows  that  the  hydroxide  corresponding 
with  these  metallic  derivatives  exhibits  the  plienomeuon  of  tautomerism. 
On  neutralising  a  anneosion  of  potasaium  iso^-nitrobenaenediasooxide 
with  a  weak  aeid,  a  yellow  snbstance  is  produced,  which  at  first  shows 
little  tendency  to  form  azo-compounds  with  )8-naphthol,  and  its  disulphonie 
acid,  but  when  left  in  contact  with  dilute  mineral  acid,  the  product  slowly 
dissolves  and  the  soluble  compound  obtained  has  all  the  properties  of  the 
original  diazonium  salt.  This  change  may  be  indicated  in  the  following 
manner  : 

N0^CftH4NK.N0  ->  NOaC6H4NH.NO  ->  NO^CfiH^NjCl. 

This  restoration  of  the  capacity  for  coupling  with  phenols  after  acidifioa- 
tioD  was  at  first  considered  to  be  characteristic  of  MO-diazo-derivatives, 

»  Jitr.,  1894,  27,  520;  Badische  Anilin  n.  Soda-Fabrik,  D.B.-P.,  78874,  80263, 
811S4,  81202. 

*  Schraube  sod  Schmidt,  and  Badiache  Anilin  u.  Soda  Fabrik,  loc.  eiU 
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but  the  test  is  not  very  decisive  since  the  metallic  MO-diazo-oxides  them- 
selves couple  with  y^-naphthol  dissolved  in  alkali  hydroxide^  providing 
that  the  solution  is  not  too  alkaline. 

It  was  next  found  that  poUissiuTii  benzenediazo-oxide  exists  in  two 
modifications,  the  iso  form  previously  mentioned,  and  the  normal  form 
whidi  oonpled  with  the  phenols  much  more  readily  than  its  ifomeride. 
This  type  of  isomerism  obtains  generally  amongst  the  metalUo  diaao- 
oxides,  but  presence  of  negative  substitnents  in  the  aromatic/niicleaB 
greatly  diminishes  the  stability  of  the  nonnal  modification.  On  this 
account  it  is  usually  very  difficult  to  obtain  both  isomerides  in  a  state  of 
purity. 

Isomeric  salts  have,  however,  been  prepared  from  diazobenzene- 
sulphonic  acid  ;  the  normal  basic  sodium  salt,  NaON.^Ct.H^BOjNa,  4H2O, 
is  obtained  by  working  with  cooled  solutions,  whilst  the  i^to-salt,  which 
separates  in  anhydrous  crystals,  is  produced  by  heating  a  solutkm  of  its 
isomeride ;  they  are  boih  strongly  sJkaline  and  are  dimnguished  by  their 
b^iaviour  towaids  /9-naphthol,  the  former  salt  readily  coupling  whust  the 
latter  exhibits  this  property  to  a  very  slight  extent.  The  corresponding 
potassium  compounds  have  been  isolated,  and  similar  pairs  of  isomeric 
alkali  salts  have  also  been  prepared  from  p^bromodiazobenseae-^^-sul- 
phonic  acid.^ 

DiazO'  and  Isodiazo-oxides. — When  the  isomeric  diazo-oxides  were 
first  investigated  there  existed  a  tendency  to  exaggerate  the  differences 
between  the  isomerides,  and  they  were  originally  supposed  to  differ 
essentially  in  the  following  respects : — 

(i)  Cap8w?ity  for  coupling  with  phenols  or  ethyl  aceto-acetate  and 
similarly  constituted  compounds. 

(ii)  Behaviour  towards  alkylating,  reducing,  and  oxidising  agents. 

(iii)  Interaction  with  bensqyl  chloride  and  alkali  hydroxides. 

Production  of  Azo-derivatives. — The  normal  diazo-oxides  exhibit  the 
greater  tendency  to  combine  with  the  phenols,  but  in  the  case  of  both 
isomerides  the  rate  of  formation  of  hydroxyazo-corapounds  is  largely 
dependent  on  the  nature  of  the  aromatic  radicle  attached  to  the  diazo- 
group,  and  the  free  isomeric  diaso-hydroxides  couple  with  phenob  evsn 
more  readily  than  their  potassium  derivatives.' 

It  was  at  first  supposed  that  themetallio  iM)diazo-oxides  did  not  condense 
with  ethyl  aceto-acetate,^  differing  essentially  in  this  respect  from  the  normal 
derivatives  which  had  lonp^  l>eeii  known  to  furnish  condensation  products 
with  the  ester,^  but  iiulow  subsequently  showe<l  tliat  the  i^odiazo-componnds 
yield  mixed  aliphatic-ammatic  hydrazones  or  azo-derivatives.*  This  cor- 
rection, although  suggesting  the  structural  identity  of  the  normal  and 
wodiazo-oxides,  does  not  assist  in  deciding  between  the  two  formulae 
B.N  :KOH  and  ILNH.KO,  owing  to  the  unoertainty  whioh  still  exists 
with  regard  to  the  constitution  of  the  aromatic  and  mixed  condensatioa 
products,  these  substances  being  regarded  by  some  authorities  as  aso- 
derivativesi  and  by  others  as  hydrasones. 

»  Hantiscb,  lier.,  1895,  28.  2002  ;  1900,  38,  2168;  and  Gerilowski.  ibid..  2317. 
«  Bamberger,  Ber.,  1898,  28.  144.  •  Schraube  and  Schmidt,  ioc.  cU. 

*  Japp  and  Klin^'cmann.  Jier.,  1887,  90,  dW,- AlUUtl0lh  9*7,190:  S|l<1  flslwil 
ind  Beyer,  Jitr.,  1888,  21,  1697. 

Jier,,  im,  31,  312^;  ]89b,  38, 197 
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Alkyl  Diazo-oocides. — The  action  of  methyl  iodide  on  the  metaltio  «k>- 
diazo-oxides  indicates  that  the  twrxliazo- hydroxide  itself  is  a  tautomeric 
substancp,  for  the  potassium  s<alt  yields  a  nitrosamine  K.NCH3NO,  whilst 
the  silver  derivative  gives  rise  to  un  O'-ether,  R.N  :  NOMe,  this  substance 
being  also  produced  from  the  silver  derivative  of  the  normal  diazo* 
hydroxide.  This  result  indicates  that  the.  isomerie  diaao>hydroxidea 
corresponding  with  iho  two  si] vor  derivatives  both  have  the  same  struc- 
tural formula,  R.N:NOU.  These  0-ethers  contain  the  diazo-radiole 
N  :  N,  for  they  are  all  explosive  and  readily  ooaple  with  the  phenols  in 
alkaline  solutions.^ 

Reduction  of  tJte  Metallic  D  'uuo-oxiden. — The  members  of  botli  series, 
when  treated  with  sodinm  amalgam,  yield  the  corresponding  hydrasines, 
provided  that  the  reaction  takes  place  in  excess  of  alkali  hydroxide.^ 

Oxidation  of  the  Mekdlie  JHoxo-oxidea ;  the  Aromatic  Diazoio  Addit, — 
Even  before  the  discovery  of  the  fvodiazo-conipounds  Bamberger  had 
prepared  acidic  substances  by  the  oxidation  of  the  diazonium  salts  in 
alkaline  solutions^  and  on  repeating  the  experiment  with  the  alkali  iso' 
diazo-oxides  he  obtained  a  larger  yield  of  the  oxidation  fMroduct^'  These 
aeidie  snbstaneea,  the  aromatie  diasoic  acids,  are  also  obtained  eitlier  by 
dehydrating  the  nitrates  q{  the  primary  aromatio  amines, 

R.NHjHN03-H,0=  RNH.NOj, 

or  by  the  direct  action  of  nitric  anhydride  on  these  bases, 

2RNH«+K,0ft  =  H,0+2ENH.N0t. 

Tliey  readily  undergo  molecular  rearrangement,  yielding  nitro^amines,  the 
nitroxyl  raoides  entering  the  nucleus  either  in  the  ortho-  or  para-position 
with  respect  to  the  aminic  nitrogen/  I'hose  properties  indicate  that  the 
diazoic  acids  are  nitraraines  ;  nevertlieless  they  behave  as  tautomeric 
substances,  for  whereas  their  alkali  salts  give  rise  to  secondary  nitramines, 
their  silver  derivatives  fuuiish  C^-ebtt-rs, 

i potassium  salt        C.ir .NCHa.NOa 
methyiphenylnitramine. 
silver  salt  CeH^NiNOOCH, 
methyl  benzenediasoate* 

The  methyl  O  ester,  when  boiled  with  a  benzene  solution  of  ,o-naphtl»ol, 
yields  benzene-azo-/i-uuphthol,  this  condensation  indicating  its  relationship 
to  the  diazo-oompounds. 

The  I§omeric  Diazo-oxides  and  the  Sehotte7i-Ba'j.mann  ^cat-fion.— The 
normal  and  wo-diazo-oxides,  when  treated  with  benzoyl  chloride,  yield 
nitrosobenzanilide  with  equal  readiness,  provided  that  the  reaction  is 
perfonned  in  the  presence  of  a  large  excess  of  alkali  hydroxide.  Tho 
amount  of  benzoyl  derivative  produced  is  very  small  when  the  mixture  is 
only  slightly  alkaline^  the  diminution  in  yield  being  greatest  in  the  case 
of  the  normal  isomeride,^  This  reaction,  at  first  sights  seems  to  favour 
the  nitroiBinine  formula  for  the  diazo-oxides 

>  Bamberger,  JJcr.,  189o,  23,  225.  '  Uaatzsch,  Jier.,        81,  3J0. 

9  jfcr  1894  87  01 1 

*  Bam'berger,  Jicr.,  180:J.  26.  471 ;  ia04>  «T,  969, 561,  8601. 

*  Uantxgdw  £er.,  18d7. 80,  (iSL 

im  o 


Digitized  by  Google 


i94 


EEPORT— 1902* 


but  von  ftlnlimtiffl's  otperimeiiftK  ^  indioate  that  the  prodoot  !•  a  tMito- 
mBiio  Batetanoe  behaTing  alio  as  if  it  bad  the  f ormiiU 

OeHjNiNOCOCeHj. 

Thus,  when  coil  flensed  with  sodium  )S-naphthoxide,  it  yields  benzeneazo- 
fl-naphthol,  and  on  treatment  with  cold  potassium  Ijydroxidf  solution 
undergoes  hydrolysis,  ^jiving  rise  to  potassium  benzenediazo- oxide,  a  certain 
amount  of  this  salt  being  also  formed  during  the  benzo^latiou  of  the  uo- 
diazo- oxide. 

Blomstnuid,  who  advocated  tiie  diaiomimi  formida  C^Hj.N.OK  lor  tho 

••• 

normal  diazo-oxide,^  supposed  that  tho  production  of  nitrosobenzanilide 
ia  due  to  the  transformation  of  the  benzoate  CgH^.NO.COC^H^ ;  thii» 

N 

howerer,  &  not  the  cose,  for  the  ester  when  prepared  from  benzene- 
diazonium  chloride  and  silver  benzoate  does  not  yield  any  trace  of  nitroao- 

compound  under  similar  experimental  conditions.-' 

Si/nth^siti  of  Isodiazo-oxifJf'.t. — The  oxirae  formula  for  the  metallic  tjio*- 
diazo-oxides  also  derives  supi)ort  from  the  fact  that  the  alkali  benzene-iVo- 
diazo-oxide  is  produced  by  the  action  of  hydroxylamine  on  nitroaobeuzeue 
in  alkaline  aolntions, 

RJJO+H,NOH+KOH  =  ILN  :i;0jbL+2H,0.  * 

Siiioe  the  taodiazo-ozide  may  be  oaddiaed  to  the  corresponding  benzene- 
diaioate^  and  reproduced  Itomthis  subatance  orito  alkyl  ester  by  rednetiea 
iritb  sodium  amalgam^  the  cycle  of  changes  may  be  thus  indicated : — 


*Sho  behaTiour  of  the  isomeric  alkali  diazo-oxides  in  the  reactions 
described  in  the  preceding  section  j  u^tifies  the  belief  that  the  two  aeries  aie 
stmotarally  identical,  and  that  the  comparatively  sli^t  differences  between 

the  diazo-  and  t«odiazo>deriyatives  are  due  to  a  dimrent  spatial  arrange- 
ment of  the  radicles  associated  with  the  diazo-group,  N=N.  Accordingly, 
Hantzsch  suggested  that  this  isomerism  is  comparable  with  that  which 
obtains  among  the  oximca,  the  latter  kind  of  isomerism  being  explained  by 
supposing  that  the  labile  and  stable  modilications  contain  the  associated 
radicles  differently  arranged  about  the  complex  N=C11  in  the  manner 
indicated. 

ii.CH  R.CH 
Stable  oxime        \]  Labile  oximc  || 

nO.JS  N.OH 

»  i/6T.,  1802,  25,  3109. 

•  Journ.praht.  C/tem.,  1896,64,329. 

'  See  also  Bamberger,  Ber  .,  1897.  30.  366. 

«  Bambexger,  Ber.»  1695,  06, 1'il^.   - 


Digitized  by  Google 


ON  OUR  FBBSENT  KNOHVLRDGE  OF  AROMATIC  DIAZO-COMPOCKDS*  19d 


The  corresponding  diazo-oxides  would  be  thus  represented 

R.N  B.N 

jSyndiftzo-oxide        ||  ^n^idiazo-oxide  H 

KON  NOE. 

(nofmal  aerifls)  (lao  aeries) 

The  assumption  involved  in  both  cases  is  the  same — naiaely,  that  the 
third  affinity  of  doubly  linked  trivalent  nitrogen  may  be  exerted  in  one 
or  o^er  of  two  definite  direotioiis.  If  this  be  granted,  then  there  con  be 
Kttle  doubt  that  the  labile  normal  diazo-oxides  possess  the  j^^configura- 
tion,  for  in  this  series  the  coalescence  of  the  contiguous  associated  radicles 
readily  occurs  with  the  elimination  of  nitrogen.  The  stable  tiodiazo- 
derivatives  should  by  exclusion  have  the  ^In^i-structure.* 

There  is  one  point,  howeveri  in  which  the  analogy  between  oximes  and 
diaao-oaddes  breaks  down  ;  the  stereo-isomeric  ozimee  ffive  rise  to  isomeric 
oiygen*eUiers,  whereas  both  the  isomeric  diazo-oxides  yield  the  same 
0-eSier.  These  0-ethers  are  explosive  and  oombine  with  bases  and 
phenols  in  the  presence  of  alkali  hydroxides  or  carbonates  yielding  azo- 
wmpounds.  They  are  accordingly  placed  by  Bamberger  in  the  Syn  or 
normal  series.^  Hantzsch,  on  the  contrary,  points  out  that  in  their 
capacity  for  forming  azo-derivalalves  thejr  do  not  differ  markedly  from  the 
tio-  or  onlt-diAio-deriTatiTea.  The  exaot  relationship  of  these  ethers  to 
the  metallic  diaeo*ozides  can  scarcely  be  considered  as  finally  settled. 

The  ISO'  or  rtn^f-fliazo-oxides  undoubtedly  exhibit  the  phenomenon  of 
tautomerism,  and,  under  certain  conditions,  react  in  accordance  with  the 
formula  R.NH.NO,  the  formation  of  iV  ethers,  IlN(alk).NO  (secondary 
aromatic  nitrosamines),  being  a  case  in  point. 

Struetwral  FormukB  Jbr  the  I$omerie  JHassO'Ooeides. — ^The  hypothesis 
that  the  isomeric  diazo-oxides  are  structurally  different  has  been  defended 
by  Bamberger '  and  Blomstcand/  who  maintain  that  the  normal  diazo- 
oxide  is  a  diazonium  derivative,  having  the  same  configuration  as  the 
original  diazonium  salts.  There  is  no  longer  any  difierence  of  opinion 
with  respect  to  the  oxime  formula  of  the  /.sodiazo-oxides,  and  accord- 
ingly the  second  hypothesis  may  be  thus  graphically  iUvstrated 

R.N.C1  II.N.OK  R.N  :  NOK 

»•«  *"* 

N  N 
diasoninm  chloride.      normal  diazo^xide.  «8o-diazo^xide. 

One  grsTe  objection  to  the  Uieory  is  at  once  detected  from  this  diagram 
whidi  iimicates  that  the  diaconiiim  hydroxide 

B.N.OH 

N 

is  capable  of  acting  not  only  as  an  acid,  but  also  as  a  strong  base  The 
difficultii'8  attending  this  assumption  will  be  considered  at  greater  length 
in  the  sequel. 

ExiaUnce  of  Synrdiazo-SidphojiateSf  Cyanidest  d:c. — Hantzach,  who 
obtained  a  very  unstable  red  potasrinm  bensenediaio«sulphonate  isomeric 

»  HantMch,  Ber.,  1894,«7, 1702;  18»6,2«,  C76.  1734. 

>  jBcr.,  mo,  a«,  225.  »  JSe^r.,  IbUS,  28, 444,  826,  1218. 

•  JoMm.pntk$,  OtfM.,  Xm,  M,  168;  1897.  M,  806;  1897,  M,  480. 
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with  Fiseher^s  jeOow  diaso-sulphonate  CgH^.No.SOsKiaflBerteoitliatlliesB 
uomerides  belonged  to  the  «yn-  and  on^i-diazo-series  respectively,^  bat 
lUmberger  olgeeted  to  this  classification  and  showed  thattiie  red  aidt  hMM 

the  properties  of  a  sulphite  C,,H^N2.0.S0aK.  ^ 

The  former  investigator  has,  however,  succeeded  in  isolatins:  a  series 
of  isomeric  diazo-cyanides.''  ;^-Chlorobenzenecliazoniuni  chloride,  when 
treated  with  cold  potassium  cyanide  solution,  yields  a  labile  salt  which 
readily  evolves  nitrogen,  forms  />-chlorobenzoniLri]e  uu  treatment  witli 
copper  powder,  and  passes  into  a  stable  isoineride.  The  latter,  which  is 
not  affected  by  copper  powder  and  may  even  be  distilled  in  steam,  is 
nndcmbtedly  the  an^i-diazo-cyanide,  whilst  the  labile  derivative  belongs 
to  the  «y7i-diazo-series.  Both  isomerides  have  a  yellow  colour,  and  this 
fact  tends  to  exclude  the  view  that  the  labile  derivative  is  a  diozonium 
cyanide^  for  the  diazonium  radicle  gives  ooloorless  salts  with  ooloorless 
acids. 

The  «*//i-diazo-cyanides  are  more  stal)le  when  the  aromatic  nucleus 
attached  to  the  diazo-group  contains  sabstituent  radicles. 

Wheu  a  diazonium  chloride  is  treatod  with  a  suspension  of  silver 
cyanide  the  colourless  solution  obtained,  after  filtering  off  the  insolnble 
yellow  0yn-diazo-cyanide,  contains  a  soluble  double  cyanide  which  is 
considered  by  Hantzsch  and  Danziger  ^  to  be  a  diazonium  deriN  ative.  The 
double  cyanide  derived  from  (//-cttmenediazonium  chloride  has  been  iso- 
lated and  its  properties  are  best  expressed  by  the  formula 

CfiH,(CH3)3.N.CN,  AgON. 

N 

The  ^u^i'-diazo-cyanide  does  not  yield  this  double  salt. 

Tlie  formation  of  this  double  diazonium  cyanide  suggests  that  the 
sparingly  soluble  .vy?? diazo-cyanide  may  exist  in  solution  in  a  state  of 
e(iuilibrium  with  tlu^  isomeric  diazonium  salt,  and  further  confirmation  of 
this  hypothesis  iias  recently  been  obtained  '  by  a  study  of  the  cyanides 
obtained  from  ;7-methoxybenzenediazonium  bromide  and  chloride.  These 
8alr<^  by  double  decomposition  with  potassium  cyanide  in  alcoholic  solution 
jfield  the  ^n-diaxo-cyanide 

3ileO.C,H4.N 
CN.N 

an  orange-red  insoluble  substance  (melting-point  51^)  which  couples  with 
^•naphthol»  and  slowly  changes  into  the  non-coupling  cmtft-salt 

N.CN 

a  brownish-red  compound  melting  at  121**. 

The  eidstence  of  a  third  isomeric  cyanide  Is  indicated  by  evaporating 
at  tiie  ordinary  temperature  in  the  presence  of  excess ol  hydrogen  eyanUe 
an  aqueous  solution  of  j>>methoxybenzenediazoninm  hydroxide.  He 
colourless,  crystalline  substance  obtained  has  the  composition 

MeOCeHiNsON,  HCN,  2H,0, 

«  Ber.,  IS    .  27,  172G.         =  Ber.,  1894.  27,  291^0.         »  Bcr.,  18de,M,666. 
«  B^.,  18     ^  2629.         •  Ber.,  1900,      2161 ;  1901, 34,  il66. 
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and  powMMt  all  the  properties  of  a  true  metaUie  aalt ;  it  is  Teiy  aohiUa, 
and  ita  aolution  is  an  etooirolyte.  Moreover,  the  doable  lalt  condenaea 
with  /3-naphthol  and  is  converted  into  the  yellow  ^-diaio-cyanide  by  the 
action  of  alkaline  solutions. 

These  results  show  that  Hiazotised  /)-anisidine  ^ives  rise  to  the 
three  cyanides  demanded  by  the  stereochemical  hypothesis 

R.N.CN  B.N  K.N 

N  CN.N  KCN 

colourless  soluble         coloured  labile  coloured  stable 

electrolyte.  non-electiolyte.  non-electrolyte. 

The  opposite  view  only  acoonnta  for  the  existenoe  of  two  iaomeric 

cyanides,  one  having  the  constitution  of  a  normal  diaaonium  aalt^  and  the 

ether  that  of  a  diazo-cyanitie  of  the  isodiazo  series. 

The.^vn-  and  a7j/i  (liHzo-cyanides  cannot  be  regarded  as  diazonium  salts 
W)inparable  with  those  of  the  mineral  acids,  for  on  the  one  hand  they  are 
non -electrolytes,  dissolving  only  sparingly  in  water,  and  on  the  other  they 
are  diatinetlT  coloured  subatancea,  readily  aolnble  in  the  organic  aolventa. 

Their  oolonr  confirms  the  aaaumption  that  they  contain  the  group 
X=N,  in  common  with  azo-compounds.  The  criterion  of  colour  must, 
however,  be  applied  with  caution,  for  the  siju-  and  a^t^i-alkali  aalta 
derived  from  diazotise^l  sulphanilic  acid  are  colourless. 

Attempts  made  to  obtain,  in  u  state  of  purity,  syn-  and  au^i-diazo- 
derivatiTes  containing  other  radicles  in  the  place  of  cyanogen  have  not 
proved  succeaafuL 

The  diazonium  salts  or  the  alkali  an^i-diazo-oxides,  when  treated  with 
the  alkali  phenyl mercaptides,  yield  diazo-thioethers,  whicli  do  not 
condense  with  /3-naphthol,  and  ure  accordingly  taken  to  belong  to  the 
anti-aeries, 

R.N 

Only  in  the  case  of  /^-ohlorobenzenediazothiophenyl  ether  was  an  explosive 
intermediate  compound  observed  which  may  possibly  be  a  «yn- derivative. 

Phenol-y>-diazo-hydroxide,  HOC^.H^N  OH,  and  hydrogen  sulphide  yield 
a  hydrosulphide,  HOC4iH4.1^|.&H,  H3S,  which  is  possibly  an  anti-ddaao- 
derivative.' 

By  treating  ;)-nitrobenzenediazoniuni  chloride  with  hydrogen  sul- 
phide»  Bamberger*  obtained  three  products: — (i)  a  hydrosulphide 
NOAH^N^II,  HaS,  or  N0,0«H4N(SH).NH.SH,  which,  like  the  pre- 
ceding thio-derivatives,  does  not  couple  with  phenol ;  (ii)  a  very 
explosive  monosulphide  (NO,.C,;H4N.>)2S,  condensing  with  phenols  and 
decomposing  in  ben/.ene  at  the  ordinary  temperature  to  yield  />-nitro- 
diphenyl,  hydrogen  sulphide,  and  nitrogen ;  (iii)  a  stable  disulphide 
(KOvC5l£4Ns)2S2,  which  alowly  couplea  with  the  phenols,  and  ia  deoom- 
poaed  b^  benzene  or  toluene.  The  monosulphide  ia  probably  a  «yn-diazo- 
derivatiTe^  whilat  the  diaulphide  ia  considered  to  be  an  tso-(afiti)-diazo- 
compound. 

Diazo-a II  Ji  i/dr id' —The  isomeric  alkali  diazo-oxides  dilier  in  their 
behaviour  towards  cold  dilute  acetic  acid,  the  arUi-diazo-oxides  giving  rise 

>  Ser.,  1895,  M.  3987.  '  J7«r.,  1896,  S9,  S78, 
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to  hjdrojodM  RNsOH,  which  m  oolouriees  onlesg  th^  oontaSn  mib- 
stitaent  nitro-groups,  whiltfe  the  ^yn-liomeridei  funiiBh  eztremely  explo- 
sive yellow  diozo-anhydrides. '    Those  substances,  which  may  sometimes 

be  obtained  by  trratinf;  n  diazonium  salt  with  an  alkali  jifyr?  diazo-oxide, 
slowly  couple  with  the  phenols,  yield  O-diazo  ethers  with  the  alcohols, 
and  react  explosively  with  benzene,  yielding  diphenyl-derivatives. 
According  to  Bamberger's  earlier  papers  the  anhydrides  should  have  the 
formulft 

R.N.O.N.R 


Hantzsch's  stereo-chemioal  formula,' 

II  n 

however,  explains  why  the  aahydiidee  readily  yield  ^yn-diazo-oyanidea  oo 

treatment  with  hydrogen  cyanide,'  but  only  very  slowly  dissolve  in 
hydrochloric  acid  to  form  diazonium  chlorides.  Bamberger  has  since 
Buggested  another  formula  for  these  substances,  which  assumes  that  they 
are  siiltg  of  the  basic  diazonium  hydroxide  with  the  iaomeric  acidic  diazo- 
hydroxide 

R.N.O.N :  NR 
N 


This  configuration  accounts  for  their  formation  from  a  diazonium  chloride 
and  an  alkali  diazo-oxide.  The  first  of  these  formulae  is  the  least  pro> 
bable,  bnt  it  is  not  poaaible  at  present  to  decide  between  the  remaining 
two. 

Cyclic  Diazo-comjpoimds. — Diazotised  sulphanilic  acid  and  other  cjcUo 
diaso-Gompoonds  are  taken  to  be  either  diazoniom  salte^ 


or  ^yn-diazo-anbydridei,* 


SO. 


■<o> 


the  introduction  of  negative  substituent  radicles  increasing  the  tendency 
to  assume  the  s^n-coniigiiration«  The  aiimino-deiivatives  are  assumed  to 
be  syft-compounds, 


>  Bamberger.  Ber.,  1896,  M,  446.  '  M&r,^  1886,  Mb  1067, 

•  Ber.,  1898,  81,  636. 

«  Hantanbi  Bw^  1690. 81, 1794.  a|i4  J^.,  1896,  S9, 1622. 
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The  triazolencs  pngmd  by  Bambeiger  >  by  the  action  of  mtrom  doid  on 
ammo-indagoles  were  asramed  to  have  the  fonnnla, 

y  C— N 

/  I  II 
NN— N— N 

Hantnoh,  however,  advooatee  the  oonrtltiitioii  * 

DiazO'SulpfiOwUes, — These  substances,  prepared  by  the  action  af 
poianmn  sulphite  on  the  4iaioiiiiim  dUormes,  appear  generally  to  exitt 
in  two  modifioatioiiSi  but  in  most  eases  the  ^?/n-ibomcride  is  so  unstable 
that  it  has  not  been  isolated  in  a  pure  state.  The  fact  that  both  modifica- 
tions are  distinctly  coloured  suggests  that  they  have  the  constitution 
R.N :  N.SO  jK,  analogous  to  the  azo-compounds  ;  the  «y7»-isoiperi4e  h^f 
invariably  a  more  intense  colour  than  the  urUi-^alt, 
:  inU-iodobemseiiediaEO-siilphonate, 

II 

KS08.K 

is  an  orange  substance,  whilst  the  anti-sBlt, 

II 

N.SO5K, 

is  yellow. 

The  m^hthylamines  behave  exceptionally,  yielding  only  «yf»'dlaao*> 
sulphonates ;  these  are  not  oonverted  into  the  anti-saM  on  wanniog,  bat 
decompose,  yielding  the  corresponding  azo-naphthalenes.^ 

Diazo-p1ienyhnljjho7ie8^ — By  the  action  of  benzenesulphinic  acid  on 
the  diazo-cyanides,  diazo-sulphones  EN  ..SO,,C,-H.,  are  produced  ;  the 
action  goes  immediately  witli  *i/»-<iia-co -cyanides,  but  only  slowly  with 
their  an^wndts.  The  prodnots  do  not  exhibit  stereo-lsomerism,  and 
probably  belong  to  the  onte'-series ;  the  syn-serles  has  not  been  isolated* 

C.  Diazoamines  considered  cu  Anti-diaxo-compoundt. 

It^odlazntimtion  of  Aromatic  Primary  Amines.^ — The  action  of  nitrous 
acid  on  the  salt  of  an  aromatic  amine  loads  to  the  production  of  a 
diazonium  salt,  the  basic  nitrogen  alum  retaining  its  pentavalency 
throughout  the  operation.  When  the  interaction  occurs  between  nitrous 
acid  and  the  free  base,  an  Mo-diazo-hydroxide  is  formed  which  condenses 
witii  a  molecular  proportion  of  primaiy  amine,  yielding  a  diazoamine^ 
The  direct  isodiazotisation  of  the  base  may  also  be  effected  either  by 
passing  nitrous  fumes  into  its  solution  in  dry  ether  or  ethyl  aceuitt  , ' 
or  by  treating  the  amine  with  an  alcoholic  solution  of  amyl  nitrite 
and  sodium  ethoxide ;  ^  in  the  former  case  a  mixture  of  normal  and 

>  Ber.,  1899.  32, 1773.  >  B0r„  1908,  M.  888. 

*  flanteach  and  Schmidt.  Ber.,  18U7,  SO,  71. 

*  HantSNh  and  Singer,  Ber^  1897,  80,  312. 

«        1894, 97,  xm.  *        1900^  3511, 
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i^o-diazo-hydroxides  reaulti,  whilst  the  latter  ejiperiment  gives  rite  to 

the  alkali  isodiazo-oxide. 

Migration  of  the  Diazn-radicle. — Griess  noticed  that  a  solution  of 
diazobenzenesulphonic  acid  and  /j-toluidino  hydrochloride  gave  the 
reactions  of  a  mixture  containing  /^-toluenediazonium  chloride  and  sul- 
phanilic  acid,^  and  more  recently  Schraube  and  Fritaeh'  showed  that  a 
similar  rearrangement  occurs  in  the  case  of  a  dilate  solntion  of  p-nitio- 
bensenediaconium  chloride  and  p-toluidioe.  These  investigators  stata 
that  the  direction  of  the  change  is  constant  either  in  acid  or  neutral 
solution ;  the  velocity  of  migration,  however,  diminishes  rapidly  as  the 
amount  of  acid  is  increased,  and  a  large  excess  of  this  reagent  altogether 
prevents  the  transformation.  These  results  appear  to  show  that  the 
uiftzo-radiclft  passes  from  the  less  to  tlie  more  positive  radicle,  hut 
Hantzsch  and  ¥.  M.  Perkin  found  that  a  migration  in  the  opposite 
sense  occurs  with  benzenediazonium  chloride  and  j><bromaniline.'  It 
may  therslore  be  supposed  that  flsnerally,  when  nsutral  or  slightly  aetd 
solutions  of  a  diaionium  sslt  and  a  primaiy  aromatio  amine  are  mixed, 
there  will  be  a  certsin  amount  of  reanangement  due  to  the  migratioii  of 
the  diazo-group. 

This  migration  of  the  diazo-radicle  is  probably  associated  with  the 
changes  which  occur  when  this  group  passes  from  the  diazonium  to  the 
diazo  configuration.  Bamberger  found  that,  in  the  inverse  change,  a 
transitory  elimination  of  nitrous  acid  occurred, 

R.X :  NOH  +  H jO  =  R  NH ,  +  ONOH 
R.NH,+ONOH+Ha  =  2HsO  +  R.N.Cl 

N 

this  reaction  being  effected  by  dissolving  an  alkali  {.w-dinzo-oxide  in  cold 
mineral  acid.  If  the  transitory  elimination  of  nitrous  acid  is  assumed  to 
occur  in  the  change  from  the  diazonium  to  the  diazo  condition,  then  an 
explanation  of  the  migration  of  the  diazo-radicle  is  obtained,  which  also 
accounts  lor  the  fact  that  the  same  mixed  diasoamine  is  produced  from 
the  couple  XN,CI  and  TNH,  as  from  the  combination  of  YN,€1  and 
XNH,.  In  the  former  case  the  diasonium  hydroxide^  lilierated  from  itu 
salt  by  tho  addition  of  sodium  aoetate,  would  undeigo  hydrolysis, 

X.N.OH+H,0  »  XNH2  +  ONOH, 
N 

and  the  nascent  nitrous  acid  would  at  once  isodiamtlse  a  portion  of  each 

of  the  primary  amines  XNH^  and  YNH<,,  giving  rise  to  the  diazo- 
hydroxides  X.N  :  NOH  and  YN :  NOH.  The  latter  substances  and  the 
unaltered  primary  bases  would  tlicn  condense,  and  a  mixed  diazoamine 
would  be  produced,  this  substame  consisting  of  a  solid  solution  of 
XN,.NHY  in  YN.^.NHX,  the  proportion  of  the  two  constituents  de 
pendin*'  on  the  nature  ol  the  two  aromatic  radicles  X  and  Y.  In  certain 
eases  the  product  may  consist  largely  of  the  symmetrical  diazoamines 
XN,.KHX  and  TN,.NHY,  but  the  formation  of  these  compounds  is 
equally  well  ezpkined  by  the  hypothesis  bssed  on  the  transitory  elimina- 
tion of  nitrons  aoid.  The  formation  of  the  mixed  dtasoamine  oeonn  even 

«  Her.,  1882,  15,  2190.  «  Jier.,  1896,  29,  287. 

•  Jier.,  18U7,  80,  1412.  *  Ber,,  JSOa,  «9r  826, 
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when  X  and  Y  are  radicles  derived  from  different  hydrocarl3ons,  and  sub- 
stances of  this  type  containing  naphthalene  and  tetrahydronaphthalene 
noolei  have  been  uoUted.' 

The  migiBtiim  of  the  diazo-gronp  It  prerented  bv  tin  ilkylation  of  the 
primary  aromatic  amine,  and  the  couples  XN^^Cl,  YNHH  and  YN^CI, 
XNHR  give  rise  to  two  isomeric  mixed  alkyl  diaxo-amioeBy  XN^NBY 
and  YN,NRX. » 

The  comparative  stability  of  the  diuzoainineij  and  their  production 
fravn  wocUato-oxides  point  to  their  having  the  anii-dUao  oonfigontion ; 
the  /^yn-isomerides  have  not  been  produced,  although  Hantzsoh  and 
F.  M.  Perldn  {loc,  cit,)  obtained  abnormal  diaioaminee  which  form  an 
exception  to  the  rule  governing  the  formation  of  mixed  diazoamines.  The 
compound  CJC6H4N3HCr,Hfl,  for  example,  exists  in  two  modifications, 
which  give  rise  to  the  same  products  on  fission  with  hydrochloric  acid  or 
phenjlcarbimide.  The  suggestion  that  theM  two  iiom 
sented  by  the  formnhs  C«H^ :  K.NH.CeH4Gl  and  OcH».KH.N:  KOsH^CS, 
ii  not  justified  by  the  result  <rf  their  findon. 

D.  Tk€  Duaimutm  Madicte  eompand  with  Quatenuay  Amnummm  lom. 

The  change  of  opinion  in  favour  of  the  Strecker-Blomstrand  formula 
for  the  diazonium  salts  was  in  the  first  place  based  on  certain  general 
analogies  existing  between  the  salts  of  nitrogenous  bases. 

The  older  view  of  the  constitution  of  dSoonium  salts  indicates  tiiat 
these  substances  form  an  exception  to  the  rule  that  basic  nitrogen  is 
pentavalent  in  its  salts,  and  yet  the  compounds  in  question  behave  as  the 
salts  of  bases  more  powerful  than  the  aromatic  amines  from  which  they 
are  derived.  The  diazonium  bases  are  capable  (if  combining  with  the 
weaker  acids,  and  yield  soluble  alkaline  carbonates,  e.g.  (C^H^N^jjCOj,  and 
unstable  nitrites  and  acetates.  Moreover,  this  view  invclves  the  assump- 
tion that  the  compound  CgH^NiNOH  can  react  as  a  strong  ammonium 
base  towards  acids  and  as  a  distinctly  acidic  substance  towards  the  alkali 
hydroxides.  Hantzsoh  showed  that  the  diazonium  salts  of  the  mineral 
acids  are  strongly  ionised  in  dilute  solution,  but  do  not  exhibit  any  trace 
of  hydrolytic  dissociation  ;  the  ionisation  is,  however,  considerably  dimi- 
nished by  the  introduction  of  negative  radicles  into  the  aromatic  nucleus 
of  the  diasonium  compound.* 

Determinations  of  the  electrical  conductivity  of  solutions  of  benzene- 
diazonium  chloride  and  nitrate  showed  that  the  bonzeiit  diazonium  radiclo 
is  strictly  comparable  with  otlipr  quaternary  ammonium  ions.  The  rate 
of  migration  of  the  benzenediazonium  ion  at  25°  is  45-7,  the  correspond- 
ing constants  for  the  methylpyridinium,  CaH^NCHs,  and  tetramethyl- 
ammonium  ions,  N(CH3)4,  being  44*3  and  43*6  respectively. 

The  molecular  conductivity  of  the  solutions  of  diaaonium  sslts  increases 
with  the  dilution,  just  as  in  the  esse  of  the  corresponding  potassium  and 
ammonium  compounds. 

A  physico-chemical  study  of  the  solutions  of  benzenediazonium 
hydroxide  showed  tliat  the  aHinity  constant  of  this  base  at  0°  is  seventy 
times  greater  than  that  of  ammonium  hydrmdde,  and  somewhat  exceeds 

'  Morjran,  Trant.,  1002,  81,  01  ;"and  C.  Smith,  ibid.  901. 

'  Mddola  and  Streatfeild,  Trant.,  isa7,  Al,  818 ;  1880.  66,  610, 1I05;  1890, 67, 

'  Ber.,  1806, 88,  1734. 


Digitized  by  Google 


202 


Bi^l902. 


that  of  piperidine.    The  affinity  constants  of  methoqriMlittlifldlftjBOlllini 

hydroxide  and  )//-cumidinediazoniiun  hydroxide  are  even  greater,  and 
approximate  closely  to  those  of  the  alkali  hydroxides.  The  effect  of  intro- 
ducing halogen  radicles  into  the  aromatic  nucleus  ifl  indicated  in  a  Btrikiiig 
manner  in  the  following  table : — 

k  <a  velocity  oonrtant 
C„H,N,OH     ....  0-183 
BrC«H,N"OH    .      #      r      .  0-0149 
2:4P.r,.C.H,N:;OH     •      .      •      .  0013r, 
2:4:6BrjC„U;NsOH     ....   0  0014 

A  comfMmon  of  the  electrical  conductivity  experiments  with  tlie 

results  obtained  in  the  hydrolysis  of  ethyl  acetate  by  b^nzenediazonium 
hydroxide  shows  that,  in  1  / 1*28  N  solutions  at  0%  approximately  33  per 
cent,  of  the  base  exists  in  the  ionised  condition. 

The  ionisation  detected  in  the  hydrolysis  experiment  is  greater  than 
that  indicated  by  the  conductivity  determinations^  and  this  shows  that 
the  electrolytio  dinodation  is  ezcluriyely  due  to  ^e  reaotioii 

N 

and  not  to  the  electrolysis  of  a  diazonium  ^^/n-diaso-oxide^ 

N 

Condiium  of  the  Xou'lonkril  Diazonium  ITydroxide.'^The  solution 
of  benzenediazonium  hydroxide  differs  essentially  from  one  containing 
piperidine  in  its  behaviour  towards  alkali  hydroxides,  generating  with 
these  reagents  an  appreciable  amount  of  heat  exactly  like  a  weak  acid. 
This  reaction  is  also  indicated  by  determinations  of  the  electrical  con- 
ductivities of  solutions  of  the  diazonium  hydroxide  when  treated  with  one, 
two,  or  more  molecular  proportions  of  sodium  hydroxide. 

The  nmplest  explanation  of  this  phenomenon  is  baaed  on  the  asnimp- 
tion  that  the  non-ionind  portion  of  the  diazonium  hydroxide  eziato  m 
solution  in  a  hydrated  form  which,  on  the  addition  of  alkali  hydroxide, 
yields  the  alkali  salt,  the  acidic  «yn-diazo- hydroxide  behaving  in  tbii 
respect  precisely  like  the  similarly  constituted  oximes. 

Before  the  addition  of  alkali  the  equilibrium  may  be  thus  repre- 
sented ; — 

C6H5H.N         ^  C5H5N.OH 
N  HO.N.H 

The  addition  of  the  alkali  hydroxide  causes  the  hydrate  to  loee  water 
forming  the  An/>t-diazo-hydroxide,  irhich  thengives  rise  to  a  certain  amount 
of  sodium  derivativeb 


CeHjNiQH:     ,    C5H5N  ^  C5H5N 

M      :   ^         !1   ^  i! 
PO.N.H    1  HO.N        NaO.N, » 

1  Hantisch  '4nd  Davidson,  JDer.,  WS,  31,  1612, 
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If  tills  hjrpothesis  is  not  aooepted,  then  it  must  be  assumed  that  a 
quaternary  ammonium  hydroxide,  having  the  functions  of  a  strong  base, 
is  alaooapable  of  behaving  as  ai&  aoid  and  yielding  an  alkali  salt.  Thedia- 

lonium  hydroxide  derived  from  anisidine,  for  example,  is  a  base  com- 
parable in  strength  with  the  alkalies,  and  yet  itgives  rise  to  a  stable  potassium 
derivative,^  wl^ch,  aooordipg  to  the  alternative  theory,  has  the  lormola 

0CHt*0eH4^.0K 


There  am,  however,  abeolntely  no  other  examplee  of  strong  aUeallet 

behaving  in  this  way. 

On  the  other  hand,  thehypothosis  baged  on  the  change  of  contiguration 
due  to  the  labile  nature  of  the  diazouium  hydroxides,  brings  thfse  bases 
into  line  with  other  quaternai-y  aminonium  derivatives.  It  is  well  known 
that  almost  all  the  quaternary  auunonium  hydroxides,  excepting  those  in 
wlueh  the  nitm^gen  Is  attached  to  four  fully  saturated  hydrocarbon 
ndides,  are  unstable,  and  pass  into  substances  in  which  the  hydroxyl 
group  is  no  longer  attached  to  the  aminic  nitrogen.  This  alteration  is 
noticed  in  the  bases  of  the  rosaniline,  pyridine,  and  acridine  series  ;  the 
transformations  taking  place  in  each  case  being  indicated  by  the  following 
disgwBs;^ 

V  III 
>0:CoH4  iNHjOH    -»  >C(OH).C6H4.NH2 

=CHv    V  -CIi(OHk  III 

>NR,OH  ^  >NR 


< 


> 


V 

R.N.OH 

N 

Ammvi^um  4krivativet. 


m 

B.JS  ;  N.OH 


Pgeudo-amnumium  darivatitet. 


According  to  this  generalisation  the  syn-diaso-hydroxides  are  to  be 
Ngavded  as  psendo-diaMniiim  derivatives.* 

Solid  IHazomutn  Halidet. — ^The  unstable  character  of  certain  dia- 
asonium  halides  seems  to  be  connected  in  some  way  with  their  colour,  the 
most  highly  coloured  salts  being  very  explosive.  These  coloured  salts 
are  found  to  give  colourless  solutions,  in  which  the  salt  is  undoulitedly  in 
the  form  of  a  diazonium  compound.  The  appearance  of  colour  in  the  solid 
state  is  considered  to  be  due  to  the  formation  of  a  certain  amount  of 

in  accordance  with  the  condition  of  equilibrium  : — 

E.N.X  E-N 


>  Bar,,  1900  88, 2158. 


Jier.,  1899,  32.3109;  1900,  33,  278, 
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The  amount  of  coloured  «yn-oompoimd  present  depende  ]mrgdly  en 
the  natare  of  the  acid  radicle  X. 

The  diazonium  chlorides,  and  nearly  all  the  bromides,  are  coloarleaa 
and  comparatively  stable.  The  iodides  are  all  coloured,  and  very  explosive, 
the  thiocyanatps  are  somewhat  loss  coloured  than  the  iodides,  aad  are 
intermediate  in  stability  between  these  and  the  bromides. 

The  influence  of  substiLuent  radicles  in  the  aiouiatic  radicle  R  is 
Bcaroely  noticeable  with  the  diaaioiiiiim  chlorides  ;  but  with  the  other  salu 
it  is  found  that  the  stability  is  increased  by  the  introdaction  of  methyl 
and  methozy  groups,  and  diminished  by  that  of  acidic  ladides.^  At  low 
temperatures  even  the  very  explosive  diazoninm  salts  become  stable,  and  it 
is  noticed  that,  on  cooling,  their  coloar  is  perceptibly  diminished.* 

Th*'  Beifidnnl  A(Jin  ify  of  Diazoninm  Salta.'-^ — The  characteristic  fission 
of  diazonium  salts  is  very  probably  due  to  the  preliminary  addition  of  a 
reagent  HK,  and  the  subsequent  elimination  of  the  hydride  of  the  acid 
radicle  with  the  formation  of  an  unstable  «^n-diazo-compound, 

X  X  R 

CI  i^i  t± 

This  hypothesis  affords  a  general  explanation  of  the  Sandmeyer  re- 
action,  and  also  of  the  interaction  between  diasonium  salts  and  wmter 
or  alcohol.^ 

R         OC2H5      n  OO^H, 

N  i  N+  '  N  :  N  R.0CgH4+N,+HCl 

CI        ^  CI  H 

R         H  R  H 

^  '  ^'^^n  u       ^  •  ^         ^  B.H+^,+HCl+C,H,0. 

The  eoprous  salts  of  the  Sandmeyer  reaction  oombine  with  nf/U' 
diaso-compounds  to  form  coloured  doable  salts  of  the  azo-type,  and^in  this 

way,  induce  the  conv<^rsion  of  the  diazonium  salt  into  the  pst'udo-dinzoniura 
or  «yn-form  whicii  subsequently  decomposes  in  the  cliaracteiistic  manner. 

The  diazonium  perhalides  are  substances  analogous  with  the  periodides 
of  potassium,  ca'siuni,  and  tlio  (]uaternary  ammonium  bases.  The  halogen 
atoms  arc  certainly  not  attached  to  both  nitrogen  atoms,  since  the  com- 
pound CAH,NsClBrI  is  produced  either  from  CgHaN^Cl  and  IBr  or 
from  OeHAN^r+ICl.* 

ffydrciyiie  JHttoeuUum  of  ihe  Alkali  Diazo-oxideB, — ^It  has  already  been 
seen  that  the  metallic  ayn-  and  an^i-diazo-oxides  are  much  alike  in  their 
general  chemical  behaviour,  providing  tliat  their  reaction?  are  studietl  in 
fairly  alkaline  solutions.  The  ^y/i-isomerides.  howe\  ei-,  exliibit  anomalous 
properties  in  dilute  neutral  solution,  and  this  phenomenon  has  been  found, 
by  determinations  of  the  electrical  conductivity to  be  due  to  the 

»  Her.,  1900.  33,  2179.  «  Her.,  1901.  34,  4166. 

>  Her.,  1897.  30,  25  |s  .  1898,  Sl»20i»3.  «  /?^r..  IIKX),  33,  2517. 

»  Ber^  1890,  8«,  276i.  •  JJer,,  lUdH,  31,  1G12. 
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aljnoriually  large  hydrolytio  dissociation  of  these  substunces.  Tliib  is 
explained  by  the  hypothesis  almidy  employed  in  couiiidering  the  con- 
dition of  the  dissolved  diazoniuni  hydroxide.  The«yn-diazo-oxide  exhibits 
ft  IqglMr  degree  of  hjdrolytic  diaaociation  than  potassium  cyanide  or  other 
diMoeiAting  aaXtB,  beoraae  the  add  let  hte  by  liydroly:»is  is  not  stable, 
bat  passes  into  the  intermediate  hydrate  and  thence  to  the  diasoninm 
hydroxide : — 

^       R.NOH      „^  RN.OH 

A  nli  <iiazo-o./  ides  and  Printftr//  A'itrom/ninrfi. — The  alkali  diazo-oxideS 
bdiave  like  the  salts  of  a  dii»tuictly  acid  substance,  and  are  not  greatly 
hjdroljaed  in  dilate  solution.  When  the  dissolved  salt  is  treated  with 
the  eqiuTalent  amount  of  hydrochloric  acid,  the  electrical  conductivity 
of  the  i-esulting  solution  shows  that  the  only  electrolyte  present  is  the 
alkali  chloride  produced  by  the  reaction.  The  solution  obtained  is  per- 
f^TtW  neutral,  and,  conversely,  when  the  substance,  which  is  set  free  by 
the  acid,  is  treated  with  the  er|uiva!ent  quantity  of  alkali  the  pnjduct 
is  neutral.  These  plu  noinena  indicate  that  the  substance  set  free  fn»m 
the  fi/^^t -diazu  oxide  belongs  to  the  class  of  pseudo-acids,'  and  accordingly 
the  product  is  best  represented  as  being  a  primary  uitrosauiine, 


K.N  r  R.N 

II 

NOK 

anti-diazooQxide.  labile.  stable. 


rR.N  -I 


The  nitrosamines  Br.OgH^NH.NO  and  NOi.C^lI<NH.NO  have 
the  characters  of  pseudo-acids ;  they  do  not  react  with  phosphorus  penta* 
chloride,  ao  tyl  chloride,  or  ammonia  in  indifferent  solvents,  and  dissolve 
only  gradually  in  acids  regenerating  the  diasonium  salts. 

Summary, — ^Ihe  theory  of  dian-compounds,  which  ignores  stereo- 
chemical differences  and  assunes  ^t  the  diaso-oxides  are  structnraUy 
diswnilary  may  be  sammarised  in  the  following  diagram : — 

R.N.C1 

N 

/»  ^ 

W  % 


N 


t  ^ 

,^  R.NH.NO 
i  (KaOH)  g       ^  ^  tastomeric  form. 

B.N.ONa  ■  a  ^/ 

^  rdsifangenient 
^   ►  R.N:NOKa 

labile  normal  ■     stable  iM«dis«hozide. 


J8er,t  1899,  S%  576,  i70t. 


Digitized  by  Gopgle 


206  REPORT— 1902. 

The  Bfcermlieiniota  theoiy  may  be  MoBy  oatitned  aa  foUowB 

R.N.C1 


II  t  I  , 
HO.N->|  HON.H  J 


B.NH.KO 


(NaOH) 


R.N  _ 

II 

KaO.N 
labile  lyii-diaso-ozidc. 


sterie  change 


R.N 

II 

N.ONa 
■table  aii^i<Uaso-ozide. 


The  substances  indicated  in  sw^uare  brackets  are  hypothetical  inter 
mediate  compounds,  the  existence  of  which  is  assumed  in  order  to  explain 
the  tautomeric  changes. 

In  our  present  state  of  knowledge  a  choice  still  remains  between  a 
theory  of  diazo-componnds  which,  although  not  assuming  any  spatial 
relationships,  nevertheless  ofTors  an  explanation  of  the  isomerism  of  these 
substances  which  is  applicablo  to  this  series  of  nitrogen-derivatives  alone, 
and  a  stereochemical  hypothesis  which  correlates  the  diazo-derivatives 
with  other  nitrogen  compounds  of  a  similar  type  and  affords  a  general 
interpretation  of  a  considerable  group  of  experimental  facts. 

The  assumjption  of  eyn-  and  an^i-isomerism  explains  the  production 
of  the  two  senes  of  coloiued  cyanides  and  snlphonates  from  the  oolouriev 
diazoninm  salts.  Moreover,  the  stereochemical  hypothesis  renders  it 
possible  to  connect  the  relationship  between  the  diazoninm  and  syn-diaio- 
hydroxides  with  the  general  theory  of  quaternary  ammonium  compounds. 
In  a  similar  manner  the  behaviour  of  the  primary  aromatic  nitrosamines 
and  the  an/i-diazo  oxides  may  be  correlated  with  the  general  theory  of 
pseudo-acids  and  their  salts. 

It  may  be  urged  against  the  stereo-chemical  theory  of  diazo-compounds 
tliat  the  tfyn-diazo  series  is  still  very  defective,  being  contined  to  three 
classes  of  substances,  the  metallic  diiazo-oxides,  the  diaso-eyanidM^  and 
diaso-sulphonates,  and  it  is  still  possible  that  the  isomeric  cyanides  and 
sulphonates  maybe  shown  to  be  structurally  different.  On  the  other 
hand  the  view  that  the  ^y^i-diazo-compounds  have  a  diazonium  configura- 
tion leads  to  conclusions  which  arc  not  in  accordance  with  experimental 
facts.  This  is  particularly  the  case  with  the  metallic  diazo-oxides,  for  it 
Ijecomes  necessary  to  assume  that  the  strongly  basic  diazoniuni  liydroxides 
also  react  as  acids.  This  hypothesis  is  in  the  highest  degree  improbable, 
there  being  no  other  example  of  a  quaternary  ammonium  hydroxide 
p:).<>sessing  this  dual  nature. 
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I.  AddMmd  JFotef  on  lie  SltHnochemieal  inUoty.— Since  writiDg  tbe 
foregoing  report  the  antbor  bas  rooeived  a  oommmiicatioii  from  Proleiioff 
H&ntzflch  contaiiring  the  latest  derelopmente  of  the  stereDohemistiy 
the  diato-compoiiodi. 

The  alternative  views  are  fully  fliscnsscrl  and  the  plnne'Jfonnul.r  sug- 
ir^ted  for  the  »yw-diazo  derivatives,  on  the  ahsumption  that  these  sub- 
sLiinces  differ  atnicturally  from  their  ati^t-isomerideii,  are  ahowa  to  be 
incapable  of  accountiriL^  for  the  observ'ed  facts. 

In  addition  to  the  diazooium  furmula,  three  other  struc-tual  fonuulu; 
haTe  been  adiranoed  for  the  metallio  iyn-diaao-ozidea : 

R^.NO  R.N  -  N.Na  R.N:N.Na 

I  \  /  II 

Ka  O  O 

Theoe  oonfignratimtB  fail,  in  the  following  important*points,  to  acooimt 
for  the  bebayioor  of  these  metallic  diannlenTatiTea : 

1.  They  do  not  famish  a  simple  explanation  of  the  reciprocal  trans- 
bnnation  of  these  substances  into  diaaooinm  salts  and  vice  vend. 

3.  Tb^  do  not  indicate  that  capacity  for  coupling  with  phenols  to  form 
aa>-coinpoonds,  which  is  so  essentially  characteristic  of  the  «yi»-diaso 

nries. 

3.  Moreover,  they  involve  the  additional  assumption  that  the 
iiomerism  of  the  metallic  (liazo-oxides  differs  essentially  from  that  of  the 
'iiazo- cyanides  and  diazo  sulphonateii,  inasmuch  a-s  the  latt<^r  comf)ound3 
cannot  be  formulated  on  these  lines.  This  hypothesis  is,  however,  un- 
justuiabie  for  the  syu-ihsuo  derivatives  of  the  thrw  series  (oxides,  cyanides, 
sod  snlphonates)  have  comparable  properties. 

Tlip  oTily  otIuT  structurally  dissimilar  formula*  available  for  the  eyh- 
diuo-cyanides  and  diazo-sulphonates  are  the  diazomum  formula 

N 

and  the  configuration  U  N  N.CX(SO;K). 

The  former  of  these  is  not  in  accordance  with  the  fjeneral  properties 
^colour  and  sparing  solubility)  of  these  deiivatives,  and  moreover  the 
elMctrolytic  dissociation  of  the  diazo-sulphonates  into  two  ions  confirms 
tiie  view  that  the  compounds  are  diazo-sulphonates,  lt.2s :  N.fcJOjK,  and  not 
diazonium  sulphites. 

The  second  formula  involves  an  entirely  new  assumption — ^namely,  that 
of  isomerism  due  to  change  of  valency ;  but  even  if  this  possibility  be 
granted,  the  corresponding  formulation  does  not  furnish  an  explanation 
of  the  close  relationship  existing  between  the  «yfi  and  €Mti  series,  for  the 
isomeric  pairs  of  diazo-compounds, 

RN  K.GK(SO,K)  and  RK:K.GX(SO,K), 

being  derivatives  of  pentavalent  and  trivalent  nitrogen  respectively,  ought 
to  differ  f  ompletely  in  their  chemical  reactions. 

In  dt  eloping  the  stereochemical  theory  of  the  dia..o.uerivativcb, 
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Hantzscli  adopts  Uie  space  formuls  employed  in  explaining  the  iaomerum 

of  the  oximes. 

The  assumption  involved  is  that  the  valencies  of  the  trivalent  nitrogen 
atom  are  directed  along  the  convergent  edges  of  a  regular  tetrahedron, 
the  atom  itself  being  situated  ut  the  of  Ihe  solid  angle  Liiiui  pro- 
duced. 

When  two  nitrogen  atoms  become  doubly  linked  in  a  moleculet  the 
oompound  wliich  results  is  capable  of  existing  in  two  stereomerio  forms 
oomqionding  with  the  diagrams  la  and  II. 


By  meaos  of  these  diagrams  the  8i/n-  and  arUi-diazo  derivatives  ma/ 
be  compared  with  the  stereomerio  oximes  and  the  cis-  and  Iraiis-isomeiidcs 
of  donbly-linked  carbon  compounds. 

The  great  instability  of  the  4|yn-diazo  series  may  be  explained  in  terms 
of  V.  Baeyer's  tension'  theory.  According  to  this  hypothesis,  the 
valencies  linking  together  two  conjugated  atoms  tend  to  set  themselves 
in  the  same  straight  line,  and  when  this  is  not  possible,  a  stress  is  pri>- 
duccd  in  the  molecule  which  readers  it  unstable  and  prone  to  undeiso 
imrrangement. 

The  diagram  la  indicates  a  molecule  in  this  unstable  condition,  the 
linking  valencies  of  the  two  nitrogen  atoms  being  indined  at  an  angls  Is 
each  other.  Ibis  intramdecalar  strain  can  be  reUeved  by  pUcing  tba 
sides  of  Ihe  tetrahedra  bounded  by  continuous  lines  in  the  same  pJsoe, 
the  necessary  diange  in  the  spaUal  rehrtaooihip  of  these  figures  bmg 
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prodooed  either  hy  iMnrnngemeiit  (la  to  11),  or  more  simply  by  rotating 
the  tetrahedra  about  their  oonnnon  edge  (la  to  Ih)* 

The  former  operation  represents  tb»  transformation  of  the  labile  syft" 
(ierivative  into  its  stable  an/t-isomende  ;  tlie  lattor  indicates  the  final 
condition  of  the  -compound  itself,  and  furnishes  an  explanation  of  the 
typical  diazo-fission, 

N,X  N  X 

II  111  +  I 

N.Y  if  Y 

brought  about  by  the  close  projdmity  of  the  radicles  attached  to  the 

diazo-complex. 

II.  laoUuion  of  the  Anti-diazohydroxidea  R,N:N.01I. — Hantzsch  has 
teoentl^  dieooyered  that  In  certain  cases  both  forms  of  the  anli^iaio- 
bydrozidfls  are  capable  of  separate  existence.  The  nitrosamine  forms 
have  already  been  studied  ;  they  are  comparatively  stable  yellow  com- 
pounds  belonging  to  the  category  of  pseudo-acids,  and  yield  negative 
results  when  treated  with  phosphorus  pentachloride,  aoetyl-chloride, 
phenyl-carbimide,  or  a  dry  ethereal  solution  of  ammoria. 

'  tiie  newly  Isolated  onme  forms 

RN 
II 

K.OH, 

corresponding  with  the  metallic  an^i-derivatives  R.N :  NONa(K),  are  labile, 
colourless  substances ;  they  are  true  acids  reacting  with  the  agents 
•iuneiated  in  the  preceding  sentence. 

The  iyn^iasohydrozides  are  only  known  in  solution. 

III.  Trans/ormcUion^ IHazonium  Salts* — ^The  following  observations 
should  be  added  to  the  summary  of  miscellaneous  substitutions  :  — 

Meldola  and  Eyre  have  shown  that  in  the  dinitro-anisidines  a  nitro- 
group  situated  in  the  ortho-  or  para-  position  with  respect  to  amidogen  is 
replaced  either  by  chlorine,  when  the  base  is  diazotiBed  in  the  presence  of 
hydioehlone  amd,*  0Me.C.H,(N0j).N2Cl OMe.C6H2Cl(NO,)No.NO„ 
or  by  hydroxyl,  when  the  operation  is  carried  out  in  sulphuric  acid. 

The  author  has  quite  recently  noticed  u  similar  transformation  in  the 
case  of  l-nitro-z^-naphthylamine  when  diazotised  in  the  presence  of  hydro- 
chloric acid,  NO.j.CinH^.NjCl ->  Ci.C,oHr,.N2.N02,  and  further  rearrange- 
ments of  this  nature  have  been  observed      other  investigators.^ 

Although  uider  these  conditions  bromme  maj  be  replaced  by  chlorine, 
it  does  not  appear  poosible  to  remove  fluorine  or  iodine  from  the  aromatio 
nneleas  through  the  agency  ol  the  diaio-reaetlon  (Hantsscfa). 

*  Meldola  and  Eyre,  Trans.,  1901.  79,  1077  ;  1902,  81.  988. 
s  OSMS  sod  Ammelbmir.  £er.,  1894, 87, 2S11 ;  Meldola  and  StMStMld,  Thma. 
1895, 07. 909  i  FT.  pat.  816993,  Feb.  88i  1908. 
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RegisMUm  €f  lliype  8pedmm»^Br^^  Com' 
miUe$t  considing  </Dr.  H.  Woodward  {Ohaiirman)^  Dr.  A,  SifrrH 
WoODfTABD  (Seeretary)^  Beir.  G.  F.  Whidbobhb,  Mr.  R.  Emsnxii^ 
IMessor  H.  G.  Sbelby,  Mr.  H.  Woods,  and  Bev.  J.  F.  Blake. 

■  1)URINQ  the  past  year  an  important  list  of  the  tjrpe  specimens  of 
fossils  in  the  Norwich  Museum  has  been  published  by  Mr.  Frank  Leney, 
assistant  curator.  It  was  first  issued  in  the  *  Geological  Magazine '  for 
April  and  May  1902,  and  subsequently  reprinted  as  a  pamphlet  with  a 
preface  by  Dr.  Henry  Woodward 


Life-zones  in  the  Bn'fish  Carhoniferoiis  Roch<^. — Bcport  of  the  Corti" 
mittse,  com^istiny  of  Mr.  J.  E.  Maiir  (Chairman)^  Dr.  Wheeltox 
Hind  (.^rcretrmj),  Mr.  F.  A.  Bather,  Mr.  G.  C.  Crick,  Dr. 
A.  H.  l^  ooKD,  Mr.  H.  Fox,  IVolessor  K.  J.  Garwood,  Dr.  G.  J. 
HiNDE,  Professor  P.  F.  Kendall,  Mr.  K.  Kidstox,  Mr.  G.  W, 
Lamplugh.  Professor  G.  A.  Lebour,  Mr.  B.  N.  Peac  h,  Mr.  A. 
SxRAHAif,  and  Dr.  H.  Woodward.    (Drawn  up  by  the  Secretary.) 

CoiiLionKO  has  been  oarried  on  dnring  the  last  year  by  Mr.  D.  Tatt»  of 
the  CKBologieal  Snrvey,  who  kindly  doToted  hJa  limiday  to  that  purpose, 
and  by  Mr.  J.  T.  Stobbs,  F.G.S.,  lecturer  on  mining  under  the  Staffoid- 

shire  County  Council.    The  Committee  are  to  be  congratulated  on  being 
able  to  obtain  the  help  of  such  trained  and  skilled  collectors. 

Mr.  Tait  collected  from  the  Black  Limestones  and  shales  resting^  on 
the  white  shelly  Limestone  at  Poolvash,  Isle  of  Man,  where  he  redis- 
covered the  plant^'beds  mentioned  by  Cumming  in  his  work  on  the  Isle  of 
Man.  He  then  worked  in  the  beds  of  the  same  h<jrizon  in  the  Valley  of 
the  Hodder,  near  Stoneyhurst,  and  also  in  the  neighbourhood  of  Flasbyi 
Yorkshire. 

Mr.  Stobba  has  confined  hie  attention  to  the  dark  ehalea  and  Idme-  i 
atones  resting  on  the  white  shelly  Uoiestonein  the  Valley  of  the  Koe^ and  | 

at  Mam  Tor,  near  Castleton.  j 
Most  of  tlin  Cephalopoda  have  been  submitted  to  Dr.  A*  fi.  FoorI»  and 

the  plants  have  been  sent  to  Mr.  Kidston. 

I  have  also  collected  and  examined  collections  from  certain  horizons 
in  Weardale,  Redeadale,  and  Edendale,  and  while  on  au  excursion  with 
the  Geologists'  Association  examined  the  beds  and  fauna  of  the  Bishopton 
beds  which  snooeed  the  Limestone  Massif  of  Gk»wer,  lists  of  which  I  indode 
in  my  report  I  am  indebted  to  my  friend  Dr.  WeUbnm  for  notes  co 
the  fish  fanna  of  the  Pendleside  series. 

I  have  recently  had  the  privilege  of  examining,  at  the  invitation  of 
M.  Dupont,  of  the  ^lusec  d'Histoire  Naturelle  of  Brussels,  a  large  collec- 
tion of  rock  specimens  and  fossils  which  were  obtained  by  Mr.  Purvis  when  j 
mapping  the  district  round  Clavier,  a  little  north-east  of  Dinant.  Some 
few  outliers  of  yellowish  and  dark  shales,  black  Limestones,  cherts,  and  , 
quartzites  are  found  near  Clavier  (Explication  de  la  ireuiile  de  Clavier,  j 

Service  de  la  Carte  gt^ologique  da  Royaune,  1883),  which  appew  te  ms  I 

Identiflal  in  charaoter  with  rooks  found  in  the  Pendleside  ssriea  The  I 

I 
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&halcs  aud  Limestones  contain  a  typi(^  aud  almost  complete  Fendleside 
hmtL   I  wms  able  to  identify  the  loUowing  speoiM : — 

OlyphioceroB  ipirale, 
ProUcanitei  <wi 


A  viculojtt4:tvn  ^rdlcn.  u  is. 

?  Pot'idon  (>m  >/n  n>  c  m  hra  h 


I*tervnit€*  anguxtatitm. 
Ckanseardivia  Footii. 
Ortkoeerm  Jforritianum. 
Orthocerat  itriato-mtn  nlettm, 
Stroboeeras  bisuicatum. 
6lgpkioeera4  Wimgvt, 
■» 


Choiutet  Laguauidna, 
I^roduetus  scahricidm. 

„        .<■■  niurticuUliUi. 

PhilUpitJa  Van  der  OfoekUi,  (long* 

check  spine. 
littraeauthMt  BeyriohiL 


Ptttintpwten  papyroMm 


At  Vis^  in  beds  d  the  same  age,  lying  on  the  Shelly  Limestone 
Mmwif  are  ahaks  with-^ 

PotidonMla  Unit 

alMma  characiomlic  of  the  lower  part  of  the  Pendleaide  8erie8,  while 
the  Chokier  beds  oontain  a  fftuna  and  ba^e  a  Htbological  character  indi- 
csting  higher  beds  in  the  Fendleside  series^  such  as  are  found  in  the 
bnllioiifl  of  Horsebridge  Glongh  and  (Mmsworth  Dean,  Pule  Hill,  Biver 

Bane,  aud  various  other  localities. 

It  is  interesting  to  find  this  fauna  present  in  its  proper  position  in 
Western  Europp,  and  the  sanio  fniin  i  oV>tains  in  the  Lower  Carboniferous 
beds  of  Magdeburg  still  farther  east,'  and  still  farther  east  in  the  Calm 

of  Herborn.'^ 

Tlie  results  of  Mr.  Tait's  collecting  are  as  follows  : 
Poolvash,  Isle  of  Man  : — 


Biack  shale  iutcrbeddcd  with  Icnticles 
and  hummock  of  limestone  contaioiog 
marine  fossilti,  between  tide^nuuiu  west 
oft)-'  r.-rn  nt  Poclvash  Farm. 

^  I  here  hiu»  beea  a  great  deal  of  lateral 
timutiDK  ontbesbora  These  [daiit>bedfl 
Aonld,  1  beitove,  nst  on  the  shelly  lime- 
fltooe.) 

*  With  reference  to  these  fo&sils,  Mr. 
Xidsloa  says  th^  seem  to  be  the  same 

cl?^-  of  organism  <is  the  unknown  Pcndle 
Hiii  (Hook  Cliff)  fossil  f found  last  year  by 
Ux.  TaitJ,  but  apparently  speciiically  dis< 
tiect.  1  would  say  they  belong  to  Qdp" 
parts*  and  Hal]*s  JHetgonema, 


Plants. 
Adiantites  Maekaneki^  Stsr. 
Adiantitet  atUiquta,  Btt.  sp. 
SpkenepterU pavkyrachis,  Hopp. 

„  var.  stenophylla,  (.Jopp. 

8ph»MpteriitMieA.tXi^\i.  bijidat  I*-  11*» 
or  sp.  Mij^tmrfdiilste,  Star. 


*  i  JJictyoncmat  2  ip. 

MOLLVSCA. 
Poiidonomyx  lieoh^ri. 
PtcrinopecUm  {Jixundiopceten^  f^H* 

racctu. 
Menomya  eotteUutut, 
Ortkoeerat  AforriHanum* 

n  sulcatum, 
Glypkiocemt  roHculaiiim  or  creniitria. 

Below  hiL()i  water  mark,  20  yards  east  of  Btream,  which  enters  the 
asa  east  of  Poolvash  farm  : — 


PoHdenemifa  St  cheri, 

iSolrn^mtfa  eostellata. 
Orthoccraa  Morrisianum . 


Orthoceraf  sp. 

Gf.  Olyphiaeenu  rdhutatuin. 


Nothing  new  tamed  up  in  the  black  marble  quarry. 

Mr.  Kjdston  reports  that  tho  plants  are  thoso  wliich  characterise  the 
Caldferona  Sandstone  group  in  Scotland,  which  was  the  case  with  the  two 

'  Woltcrstocf,  I>as  Uutercarbon  tan  Maffdohury'Netutadt  md  teine  Huimt  IW. 
*  Von  Koenen,  IHe  Kulm'J'bHHa  vm  Herbvm, 

pa 
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tolants  he  identified  last  year  from  beds  of  the  same  horizon  in  the  neigh* 
bourhood  of  Pendle  Hill.  Unfortunately  for  the  value  of  plants  as  zone 
fossils,  this  flora  is  associated  in  the  Calciferous  Sandstone  group  with  a 
totally  different  fauna  from  that  which  obtains  at  Poolvash,  and  also  the 
stratigraphical  position  of  the  Poolviu»ii  shales  and  Pendle  Hill  beds 
•dmit  of  no  doobt)  the  deposits  resting  on  the  upper  beds  of  the  Oarboni- 
leroas  limestone  series. 

Of  three  specitnpiis,  (loul)tfully  referred  to  Dictt/onema,  one  was 
obtained  from  tlir;  Peiulleside  Limestone  series  at  Hook  Cliffy  and  the 
others  from  the  plant-beiis  at  Poolvash. 

The  White  Limestones  of  Poolvash  contain  a  rich  fauna  identical  with 
that  of  the  upper  part  of  the  Limestone  Massif  at  Settle,  Craooe,  Glitheroe, 
ttod  l>erb78bireb  and  belongs  to  the  xone  of  ProdueUu  gt^awtem. 

He  found  the  Posidonomya  Becheri  beds  with  PUrinopeclen  {Avicu- 
lopecten)  paprjracen^  l*nsiiIonv'Ua  hit  ism  the  MiUbeck,  1^  mile  S.£. 
of  Hetton,  1-inch  Geological  Survey,  sheet  02,  N.W. 

Higher  up  the  streiiai  the  Limciitone  Massif  is  exposed,  and  here 
Productuif  giyanteuH  and  a.  typical  fauna  were  obtained.  This  isjpartof 
the  Massif  whioh  extends  £.  and  W.  from  Calton  to  Qreenhow  Hill  i»d 
Cracue. 

Mr.  Tait  also  coll^'cted  carefully  from  the  exposures  in  the  Pviver 
Hoddor.    It  will  be  romenibored  that  Dr.  Henry  Woodward  described 

two  new  species  of  Trilobites  from  this  locality.* 
Left  bank  of  Hudder,  above  Hodder  Bridge  : — 

Chonete*  Lagveuiana*  Potidoaamjfa  liechtri. 

JDUeiiM  ninda.  fMenomya  eoHeUattu 

Productii*  temireticulatut,  Beilerophon  UrH,' 

Ilhyiichonella  pleurntton.  Orthocerat  pp. 

Pteritwpcctrii  j>a/>i/r(nru8.  iMrge  Goniatlte  crushed. 

Left  bank  of  Hodder,  quarter  of  a  mile  below  Hodder  Bridge  ; — 
rhiUipsia  Polleni.  J'rolecanitei  comjrrexnts. 

Half  a  mile  S.E.  of  Hodder  Bridge.   Cement  stones  which  underlie 

Pendleside  Limestone : — 

Phtllipsia  Polleni.  PfoductUiWp, 

Cf.  Glyphiocera*  spirale. 

River  Hodder,  150  yards  Kast  of  Stoneyhurst  Bathing  Cots 

Prolecanitet  compreuu*  (sutures).  Orthh  rrsupi  finta. 

CroMsiehortia  carhonaria  (Kidston).  PruducUu  sea l/ri cuius  .* 

River  llodder,  cast  of  Bathing  Cots : — 

Orthocerat  annuioto-Ltneatum,  OrtkU  resv_piaatA» 

Prolecanitet  wmpreuttt.  OrtumUkiu  MUhrL 

Prod  net  us  ni'iiiirrticultUui.  Plsnt  nnudiii. 
ChoneUs  Lagtu-uiana. 

Biver  Hodder,  near  old  limekiln,  between  Hodder  Plaoe  and  tbe 
bridge  to  the  south  :— 

I^0ductU9  ncu Ira t ug.  Orth ft  TPsupinata. 

„       viargaritaceus.  J^iri/er  triganali*. 

„      pumctatus.  PMlUjrtUt  sip. 

smdretioulatui*  A  ConL  Za^htvuHiT 
Orthit  Aliclielini. 

»        iAy.*  Deo.  4,  Toh  1. 1894»  p.  481.  * 
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One  mile  north  of  Hodder  Bridge 

Bemuncntia  EgertonU  &fir\ftHna  oristnUi  i* 

Orthis  MiehelinL  BtramkommM  analoga. 

.,      retupinata.  Orihotetes  crenitttia. 

JProdnUUt  acuUalu."  Spine  of  P(tltverhin ujt, 

„       niarffarUaccus,  Potidonomya  JJeohcri. 

jimbriaim,  IfueuUma  atttnmta. 

Branch  of  river  Hodder  at  Agden.  West  margin  of  Sheet  92.  S.W, 
of  1-inch  Geological  Survey  :— 

Actino^erns  giganttnim.  n»()ncfrs  Lagut\^siajUi, 

GoDiatite  too  compressed  to  deter-  JHelasma  hattata. 

mine.  SiwtcnMa  MuMogi, 


Stream  runnin<;  S.W.  from  Broweholm  Hall.  East  of  Sheet  91. 
S.£.  l-inch  Geological  Survey,  showing  section  of  Pendleside  Limestone 
whh  flint  buids 

Athyri*  ambigua,  Qlyphiocerat  kidonale. 

BpiHfer  glaber  ?  „  calyx. 

Potidonomya  Becheri.  „          rettoulatum  T 

AHcnlopecte^  prrptenuU.  Cf.  Orthocerat  obtusa, 

Ctetwdanta  lo'rirottrit,  J^lHflta  ^oUtnL 


The  River  Hodder  lies  about  midway  between  the  Carboniferous 
Limeetone  inlier  of  Witbgill  and  the  Millstone  Grit  of  Longridge  Fell. 
The  Pendleside  series  are  rapidly  attennating  as  they  pass  west  The 
beds  In  the  Hodder  undoubtedly  belong  to  that  series,  as  is  shown  I>y  the 
occurrence  of  the  typical  Cephalopoda  and  Lamellibranchiata  of  the  zone 
in  tlicin.  I  have  little  doubt  but  that  the  bnnds  of  Limestone  in  the 
Hodder  represent  the  Pendleside  Limestone  of  Fendle  Hill. 

The  Bishopton  beds,  Glamorganshire,  consist  of  a  series  of  black  shales 
with  O'lyphioeeroi  bUinffuef  O,  diadema,  G.  tvticulaiumf  and  PoaidonieUa 
imvis,  overlying  a  series  of  light-coloared  beds  of  decomposed  obert  with 
serenl  fossils,  amongst  which  are 

J  tJiyrit  amiigva.  Praiuttut  tmniretUuIaiut. 

(Jhonctes  La^iiessiana,  MhgnehmelUtpUurodon, 

Dielajtnia  hastaia,  „  jmgnns, 

ts>yirij'er  glaber.  Gr\^thides  Jiarkiu.. 

n      triffonaUt.  RmtHeUa  sp. 
Orthotrtes  crmixfria.  ..  sp. 

Productus  longitjtinu*.  Poiidonivlla  laris, 
„  punetatui. 


These  light-coloured  cherty  beds  probably  represent  the  uppermost 
beds  of  the  Carboniferous  Limestone  series,  or  even  passage  beds  between 
this  series  and  the  Pendleside  beds.  It  is  interesting  to  note  the  presence 
of  Posidamella  I  avis  and  ChoneUt  Laguessiana  and  the  absence  of 
Z^.  giganUua  in  them. 

Last  year  I  examined  the  upper  part  of  the  Carboniferous  lAQie&tone 
MM  of  Weardale  with  Mr.  Barker  of  Frocterky. 
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A  bed  of  QmrtCOfle  SandstDne     Chonete*  La/fufimiawi,  Orthotetrt  crenittria,  Prth 
above  l«iltle  I4lDe»tObei  Woll*       ductus  Umtjispinut^  P.  muricatut,  P.  «rmir«tMW> 

iDfllMn  l<itu9,    Spirifer    onili.i,     Hdmondia  imlcnta, 

Lithodomus  lingnalis,  Bellerophm  (cast),  Atfti* 
eopsi*  (larf^e  caj»t),  PhilUpsia  Eichtraldi. 
Peittinfon'B     Sill  ;      landstone    AthyrU  ambigua^  Ckmete*  L€i§UB$tiana^  Kkf^* 
12  feet,  fliale  24  feet,  full        clmnclUi  trih/tera,  Productv^  srmirctici/latuM, 
oi  round  black  concretiong  at       Hpirijcr  glaht  r,  S.  nmlU,  8.  trigo/uilist  Spir^fe- 
bMe  rinaoetoplieata,  Cijj>rimrdeUaAnn^^  C.rttetan' 

guia^u,  Uellerophon  f  'r,  i.  < hthoemrmt  JM^rKiM* 
nvvi,  /fnp?irrntis  sp.,  Cnno'nl  stemg. 
Little  Limestone,  7  feet     *      »    Chatctcs  radians,  SyriHgopora  g&nicuiata,  Cy- 

athophylhtm  >p.,  I^oduetits  Jongispinug,  tooth  of 
Cochliodus. 

High  and  low  Coal  Sills  :  Shale  a  J^i.^cinn  tiit'ula,  Pnuhu  fxit pn nrfat iu,  Jthytwkiynellii 
littlu  btfiow  Little  Limebtone         jilrunHloHt  ih-thotcUs  crenUtria,  Avuntloutctm 

^p.,  flliariima  tmleata,  Edwumdia  ftnigwyi'rwii. 
Nucula  gibfn)8a,  Niiculnna  attenuatn,  Prato^ 
schizodus  axiniforinu,  litllerophon  dfruf  tTiut. 
var.  ttrUUiu,  Pleurotomaria  alvmaria^  Ortkih 
eera§  sp.,  Fe7W$Mia  sp^,  CHmid  Uemt. 

Vimps  or  shales,  forming  npper  Athyrig  plaiw-gidcata^  Chonetes  LagmetikuMt 
Urn  feet  of  Gxeat  Limestone         OH  his  MieMini,  Prod%uitut  laturimtu,  Femt- 

tteUa  and  Criuoidt, 

MAfn,  or  Oxeat  Llaeetoae,  60-70    Pitut^—Ograaamtkut  epUie,  JPuwrnmim*  pwmn, 

fWt        *  CoraU, — Lithottrotwn  hasaUifarnic,  VyatkophfU 

lum  regi  v  m ,  lArtndaleia floriform  is,  ClisiophyJht  m 
sp.,  CfueteUt  radians,  C.  sejftosa^  C.  tumiduSf 
Syriiigopora  raimmlMa^  Ctmdo9hmiM9 

^fnohiopeda.'^IHelatma  Iiastata^  Camaropknia 
ervtnefm,  Afhyru  j>hiiw-sulcata,  Chonrf^i 
Jiu^thiana,  LinguLa  viytiUndtt^  Ortiu^UUs 
erenitMa,  OrtkaU^  ermittria,  var.  mtUli$t 
*  Orthis  MUrhelim,  Productvs  oc'ulsatvs,  P.  rara, 

P.  Jimbriat us,  P.  gigantrux,  P.  Uttissimus, 
P.  longispinnSf  P.  punvtatus,  P.  Hhuosus, 
P.  iemireticulaiui,  Mrifer  eraua,  8p.  UmmU^ 
Sp.  trigonalis,  Sp.  dUUuUt  BkjfMk^MlUi  jraf- 
nus,  li.  reniformif. 

jMiHelW^foncht. — AlUyrisnui  sulcata,  A.  vioturtuU, 
A*  corioMlto,  EdnumMa  tuicaia,  K  mAtmH- 
farmis,  Cypricard^lla  Anna,  SangwSntUtti 
plicatus,  Solenamya  oogtelUUa,  S,  jH^flR«ra, 
J*i  nna  Jia  heWform  is. 

0/aiteropoda. — Dentalium  ingens,  Euomphabu 
penttrruptlatus,  E.  rafilh/.^,  LrvciUia  Puzo. 
lA)xotuma  sp.,  Maeroo/wilina  acuta,  Satimptis 
amplKUa^  JV.  plioistna,  Pleurotonusria  altO' 
rittata^  P,  ewpUuUa,  Qow^  BdUffcpkfi^  etmm* 

ariitif. 

Ceplialopoda. — Actinoeeras  gigant^rttw,  Ortkoctra* 
cinntum,  O.  sulcatum,  Temnockeilus pentagonus, 
Solnwcheilus  rratsiveKter  f 

PkiUiptia  EiekwaidL 

Mr.  J.  Dunn,  of  Redesdale,  and  I  have  collected  for  several  years  in 
the  neigh bourluwd  of  Retlosdale — Mr.  Dunn  continuously — and  the 
following  results  have  been  obtained.  Must  of  the  fossils  have  been 
submittra  to  Tuioos  specialists,  and  the  lists  give  a  hiAy  aeommte  idea 
of  the  fftima  found  in  the  two  beds,  the  Redesdale  Ironstone  and  the 
Four- Laws  limestone  above  it.  Both  these  beds  are  probably  Yam  down 
ill  tho  Melmerfay  Soar  seqes,  and  ooirsspond  tp  tho  lower  p^  of  the 
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Massif  of  Carboniferous  limestone.  They  are  low  down  in  the  zone  of 
Productus  gigantem. 


n 


n 


us 


jBrmeklopoda 

Atbyris  ambigrna  . 

Camarophoria  cnuntQa 
Cbonetaa  Buchiana 

M  LagaessiaQa 
IMfciiw  niticui 
Dielasma  sacculas  . 
liingnla  n^iioidas 

„  squamiformis 
Orthotetes  creniatria 
Frodactos  acoleatuii 
•*  com 
M  giganteus 
longiapinas 
laturimns 
panotatas 
scabricolua 

semireticolat 
spuuloeus 
„  undatus 
8pli£ter  glaber 

lineata 
„     ovulis  • 

,,      trigonalis  . 
Spiriferina  octopUcata 

▼ar.  diafcata 
Strophomcna  analoga 
J/ameUibranrhmfa 
Allorisma  tsulcata  . 
Cardiomorpha  parva 
Clinopistha  abbreviata 

„  parvnla 
Offnocnidlqin  aliforme 
danodonta  tmdnlata 
n  teviroBtra 
Xdmondia  arcnata . 

„  Lowickensis 
„  Maccoyi 
oblonga 


t* 


mdis  . 
sulcata  . 
M  vnionifonnig 

Modiola  Jenkinsoni 
Parallelodon  leticulatam 


« 


* 
* 

• 

• 


* 
* 

4> 


* 


• 
• 


• 
• 


* 
• 
• 

• 


Sangwinolites  v.  gcriptus 
Vis^tensis 
Bedgwickia  ovata  . 
Fiana  flabeUlfbrmia 

„  mntifa 
Actinoptcria  persulcata  . 
Avicnlopeoten  diMiiBilia 
Strehloptt  ria  R^tnMmuit 
Oatteropoda 
BQlima  PhiHipwana  • 
Baompbalaa  pentanga- 

latus  .      .      .  . 
Euomplialus  cirrus . 
Lozonema  le  Febvrel  . 

rupifera 
Leveillia  puzo       .  . 
Haorooiieiliia  aoatiii 

„  imbricatus 
Murchisonia  telesoopium 
NatioopBis  itnplieata 
„  plicistria 
Pleorotomaria  alta-vit- 

tata  .... 
Pleurotomaifa  latar- 

Btrialis 
rieurotomarla  decipiens 

(M*Coy) 
Platyscbizma  Zonitet  • 
Dentalium  ingeoa  . 

Belterc^thon  decnnata  • 

„        Urei  . 
Conularia  quadrisulcata . 
Cephaiopoda 

Orthoceras  Gesneri  , 

annulatum  • 

attenoatam  . 

cylindrioum  . 
sulcatum 
AcanthonaiiUliis  bispino* 

sus  .... 

Ql^pbioceras  trunaitum . 

„  diadcma 
Stroboceras  bisulcatam  . 
jSplenocheilus,  t^,  8.  eras* 

giventer      ,  , 
Cf.  VestinaatQiw  cnteri- 
formia.      •      ,  , 
Crustacea 
pitbyijopaxifl  jslalMT 
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.  1 

s 

^§ 

«  B 

Limestone 
Coomb 

e 

m  C 

&  3 

o 

a 

1- 

Four  Laws 
at  the 

u  « 

6 

■ 

Dithyriocaris  Dunni 
Nuculaiia  attenuata  • 
„       brevirostiis  . 
MjlUtilA  MTDOides  . 
1,      Redesdalensia  . 
„  VerDeoilii 
PipotOMfalaodnB  aztnlfor- 
mis  .... 
Protoschizodus  fragilis  . 
Posidoniella  elongata 
Schizodiui  Axiniformia  . 
Solenomja  costellatus  . 
SanguinoUtes  davatoa  . 
M        pUoatna  . 
M  •triato'gm- 
nulosns 

Sangainolitei  tricoBtatos 

♦ 
• 

1  * 

• 

1 

Sanguinolites  variabilis . 
Dithyriocaris  trioomis  . 
GrifflthideB  longispinos . 
Phillipiia  gemmulifera  . 
„  derbitnsis 

PUcei 
Chomatodas,  sp. 
Chad  'dus  mirabilis 
Oy  racantbua  tabercolatns 
PetalodoB  HasUogeii  • 
Psanimodos  porosns  . 
Hhizodos  (scales)  • 

Crinoidca 
tJloorinat  onolloiinii  • 
Forbesiocrintis,  sp. .  , 
Scytalccrinus,  sp.  .  , 
Aicliiocidaris  Urei .  • 

• 

•  • 

1 

• 

1 

• 

1 

• 

1  1 

1 

f 

.  1 
1  1 

Bepart  by  Mr.  J.  T.  Stobbs,  F.0.S^  on  ki§  Jtjork  n^  fA<  PmiUmiit 

This  series  forms  a  passage  from  the  Carboniferous  Limestone  to  th*» 
Millstone  Grits,  and  the  transition  both  downwards  from  the  Grits  and 
upwards  from  the  Massif  is  strikingly  shown  in  this  district.    The  tiiick 

grits  may  be  observed  to  get  thinner  (and  finer  in  texture),  whilst  the 
iteiTeiiinff  shales  get  qommondingly  thicker  in  deecendiiig  order  tUl  the 
hual  Mnastone  is  reaobeo,  when  the  Pendleaide  aeriei  tenn&utai. 
Starting  from  the  Massif  upwards  the  intermixing  of  ehert  beds  and 
limestone  may  be  observed  at  Little  Huckley,  the  upper  Hmestonee  being 
black  and  unfossiliferous  with  thin  (|r  inch)  beds  of  shale  intervenini:. 
The  limestones  become  separated  by  greater  thicknesses  of  shales  (as  at 
Brad  well)  and  are  frequently  represented  throughout  the  entire  series 
either  by  their  unfossiliferous  bands,  limestone  shales,  or  bullion  be<ls. 
Litliologically  the  series  is  very  distmct,  being  typically  black  or  dark* 
blue  shales  except  the  intervals  measared  by  the  limeslone  bands  or  boUioiii 
which  weather  a  khaki  ookrar.  Xowanu  the  middle  of  the  aeries  the 
limestone  bandn  pinch  out  laterally  in  a  somewhat  ermtio  manner,  which 
detracts  from  their  utility  for  stratigraphical  purposes. 

The  upper  portions  of  the  series  are  seen  in  good  sections,  notably  at 
Mam  Tor,  the  river  Noe  al)Ove  Upper  Booth  and  north  of  Hope,  and  in 
the  stream  called  Harden  Clough.  In  tlie  ]:>e(l  of  River  Noe  (which  runs 
in  the  series  from  half-mile  W.  of  Lee  House  to  about  a  mile  N.  of  Hope) 
the  succession  is  somewhat  difficult  1o  make  out  owing  to  faulting  and 
folding.  The  lowest  members  of  the  series  may  be  observed  near  Bradwell 
village  and,  I  think,  m  the  bed  of  River  Noe  from  below  Edale  Mill  to 
I  mile  £  of  jSooth. 
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It  IB  aomewbal  remarkable  that  theee  dialM  ahoold  be  ao  IreqiieDi^ 

'  in  the  botfeom  of  val]«ye,  but  this  ia  no  doubt  doe  to  their  being 
mdiy  scoured  out  by  the  streams.    Unfortunately  the^  are  frequenUj 

corered  by  drift  consistini?  of  blocks  of  grit  which  have  aimply  roUed  irOOl 
(be  upper  ranges  of  the  hills  into  the  valleys  below. 
The  Uthological  succession  in  descending  order  is— 

Grit  RnriiM  ^ 

uiuBWOT    Sanilstones  and  shales. 

1 Shales,  often  rnksu^iui. 
Shales  with  buiUoos  «id  haidor  llmeiloiie>dial«,  the  latter  nraaUy 
rich  in  fos^ib.  ' 
Brown  shales  with  large  bullioDM  nnd  black  limestones. 
Dark-blfae  Umcstonos  and  rery  thin  shales. 
CArbonilooils  f  Cherts  and  limeitolMi. 
LtmeatODe  (Massif. 

This  succession  is  illustrated  by  the  sections  following  : — 

1,  Mam  Tor,  £,  Faee,  towardt  CaiUet4M.   *  C*  and*  D*  onQ  "  Map. 

Lowest  tliia  MUBdttone.    Base  of 
grit  series. 


0  8 


1ft  0 

6  0 

10  0 

4  0 

1 

11  0 

8  O 
10 

35  0 

1  0 
8  0 

10  0 
Ok 


Black  thinly  bedded  shales. 
doniella  UtvU  (small). 


Poti- 


I'.nllion  bed. 
Clack  shales. 
G  ly  pbloceraa  sp.  [them .  I 

Bullion  bed— DO  Goniatites  found iof 
Dark  shales,  thinly  bedded. 

Blue  shales,  crowded  with  Pterin  o- 

]}fcten  pajryraceui  (veiy  laige). 

Po$'nloui(lla  Ittrig. 
Limestone  shale,  crowded  with  Pte- 

fin/opeeten  ^apyraeew* 
Bullkm  bed. 

Black  shales. 

Bnllion  bed,  with  Oonlaritafc 
Black  shales. 

Limestone  shales.  Gonlatltes. 
Bollkn  bed.  Goniatites. 


Black  shales. 


Lti mc stone  sliales.  Aihijrit  ambigun. 
PUrintpenten  vapyracwt.  01$' 
pkicceroM  ffiiwe. 

Black  shales. 

BoUion    bed  (?)•  I>imorphceera$ 

calyx  (numerous). 
Bine  shales.    Poiidmiella  Itttis, 

Layer  crowded  with  Po$id0ii$U0 

Utrit, 


This  relation  of 
Pterinopecten 
shales  to  base 
f){  grit  series 
is  oorrobo* 
rated  between 
LccHoaseand 
Edale  Head 
(see^l"  map). 
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Thicknesa 

3 

1  8 
1  8 


10  0 


If 

8 

5 

0 

O 
«#' 

B 

3 

3 

4 

0 

1 

0 

I 

2 

0 

S 

3 

(Srti.  18  0 
mated) 

6  0 
2 

4  0 

6  0 

4  0 

1 
1 

6  0 


6  0 


i! 


1 1 


RJTOBT— 1902* 

2.  Interval, 
Bloe  shale.   Fotiditniella  latit^  and^ 

redd4ik6  plants. 
Friable  blue  shale. 
Slickensidcd  shale.showing  cleavage. 
Blue  shale,  thinly  bedded. 
Dark  bituminow  shale,  (?)  Glypkit- 

ct-nis  Jiadema.    G.  gjnrale. 
Black  ibale.  FotidanicUa  lavis. 


Darksbalea. 

8.  Section  on  River  Noe, 

Umestooe  eluile. 
Black  shale. 
Idmeetone  tbale. 

Black  shale,  weathering  irto  flaky 
material ,  orcn  sional  uoaU  bolUons. 

Limestoce  (^black). 

Black  shale,  weathering  into  fine 
flakes. 

Black  limestone. 

Black  shale. 

Black  Unwitone. 

Shale. 

Limeatone  shalesi  rich  in  fossils. 
Ptonmpepimj^tpifraMUi, 


Locality 


Section 'A' 

6" 


liooalitj 


> 


Shales  with  bnllions. 


Barber  Booth 
— under  tigs. 
$18  oa 


/ 
\ 


These  shales 
contaio  very 

few  fossils;  Between  Bar- 
only  an  oc- 1  ber  Booth  and 
casionalfish)'  Bailway  ^ 

duct. 


Black  shales. 

Black  limestone. 

Black  shales. 

Black  limestone. 

Black  shales. 
Obaace  band  black 

limestone. 
Black  shales. 

I 

Thin  black  limestono. 
Lustreless  black  band. 

Black    shales,    with  oocasional\ 

stronger  layers. 

Limestone  shales,  thinly  bedded  and 
nplitting  easily.  Fish 
PuMemomya  menihranacea  (lar^e)  \ 
nnmerona  in  Inwer  layers.    Gly- ;liailway  via* 
phioceras.      rosidomella    UevU.  dnct. 
One  fragment  of  FMmumffa 


12  0 


BlpQkdbsles.  iV|i^iy|^ /«r<i. 
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16  0 


13  0 


(Esti-  33 
natad) 


'Ml!  ' 


!  I 


Thibknesa 


(Esti- 
mate) 
from 
dip 


28  0 


X  0 

8  a 

1 


'  F  •  of  F.B. 
near  viadnct 
on  6"  nap. 


IJiiiestone  thalefl,  fhioker  bedded\ 

towards  base. 
_  ppstiihwomya  BeekeH  (munerons  in 

*,    ^"  lajer). 

V  P.  membranaeea  (laige)  numerous. 
P.  virmhrnnacfa  (nnall)  abundant 

in  thin  layers.  ' 
Large-bullion  bed.  Beotion  *  T/  6''  ina{>. 

Thinly  bedded  black  shales,  weather- 
ing into  fine  flakes;  no  foenla  ob* 
■orved. 

Strong  limestone  shales,  compact, 

fine  material;  few  fossils;  occa- 

eiocally  PotidanietUk  hrri*. 
Ten  fi'ft  thickly  beddtd  litnrstone 

shales,  which  ring  like  atUc  when 

struck  with  hammer. 
Six-foot  shales  with  lajen  of  P«d' 

Bullion  bed;  bullions  large,  cherty\ 
crowded  with  GlupMooerat  reti- 
culatum;  weathered  by  water  I      .  , 
have  a  dull  glaze ;  in  centre  of  j-  "^.^''^  * 
bullions  is  a  thin  layer  1"  which  ' 
weatberb  white.    This  layer 
parallel  to  bedding  {dane. 


is J 


map. 


Thinly  beddcU  black  shales. 
4.  SeetuM  en  Miter  Noe. 

Platy  shales, 

Shales  with  reed-like  plants. 
Limestone    shales.  J^oHdeniella 

Hard  limestone  band.  Posidoniella 
lavU  abnndant. 

Green  shales.  Actinopteria  persul- 
cata  (numerous).  Plants  (ferns), 
JitufopUri*  taamteSeM,  Stur, 


Inter?al. 


(Base  of 
seen  in  i 
locality. 


Loeality 


series 
this 


Section  'I'  on 
0"  Map. 


Limestone 
Itfeif. 


shales.  Potidoniella 


Black  limestone. 

Limestone     shnlcF.  Pnsidotiiella 
Iffvi*  (large  and  numerous). 

Black  limestone.  Goniatitos. 
Clierty  liiuestoiie.  Fiaiits, 
Black  limestone  shales.  Pondonielia 
Imii  (small  and  niunerons).  * 


Back  Tor 
Biidge. 
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ThiokaeM 
»  ft 


(RRti-  28  0 
mated) 
fcon 
dip 


Locality 


Interval  [(see  note  on  (5)  SeotioB 


Limestone  shale.   Pteronitetangut-  ^ 
tatus. 

n  Shale  rich  in  planti. 


j»Q;onG"Map. 


o.  SectionJ  P ' — 1"  and  0"  jifap.   Junction  of  JStreaw  from 

South  mid  jRiver  2fo$, 


Thickness 
I  $1 


8  G 


7  0 


Black  shales.   l^otidonieUa  tttri*. 

Thin.lamiiiated,  tab-ctyatalline  limettonei.  PhilKpm 
Ha  8p. ;  Prodvetut  semireticulattu  i  Chonete§ 
La^euiana  ;  T  Spirifcr  f)laher ;  Ditcina  vit ida  ! 
(jlyphiocera$  hilingue  ;    Proiecanitcs  ctrnj/rtstu*. 

ThiDlj  bedded  blaok  shake. 

Stronger  ahalcs.  Orthoceras. 


6.  Seetim  ttt  BntimiU  {mmM  *  LotcHt  SktUtB '  en  Mof), 


Thickness 


L^^V^^'-^^s^^l    I.:^.Tpr  bullion  (4'  diameter)  in  upper  portion 

0  '■^^^.'^'V^^^^^^  I' ro^vn,  thinly  bedde 


U 


(£«ti.  30  0 
mated) 


Thiokiiosa 


1  3 


ly  bedded  shales,   Oij/phioceras  bilingu^. 
Black  chertj  limestone. 


Blaok  efaalee.    PotidMdeUa  Unit  (nuiceroiti  ia 
latere). 


Cherts  and  limestones. 
7.  Stetim  ut  Brathccll  *  K*  on  I"  Map. 

Black  chert. 


'I  I'llji    Dark,  limestone :  fine  shell  dt'bris.   PhilUptia  »]^. 
2  Chert. 
2  0     'I     I      I      Daxk-blae  Hneeteoe. 


Koteg  on  the  Sections. 

From  (1)  section  it  will  be  Focn  that  a  fault  (Downthrow,  N.)  occurs 
botween  tiu-  nmin  E.  escarpment  of  Mnnn  Tor  and  tho  scarp  whose  sectioHL 
ia  given.   On  the  N.  side  of  Mam  Tor,  the  hrst  7C0  feet  are  drift  covered. 
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In  Harden  Clough  at  the  900-foot  contour  line  shales  with  reed-like 
plant  remains  are  found,  frequently  with  coaly  covering.  About  30  yards 
&bove  Harden  Clough  Farm  may  be  seen  a  gritty  shale  with  abundant 
Glyphiceercm  InHngue.  About  25  yarda  below  Harden  Clough  Farm 
tlwe  ooenra  a  thin  cemented  diale  with  abundant  PoMonieiia  Icmt. 
Attbe  junction  of  thisstream  and  River  Noe  a  thin  black  limestone  (1  inch) 
iiioand  :  this  gives  a  vertical  thickness  of  about  150  feeL 

The  position  of  (6)  section  relative  to  the  Mussif  may  be  calculated. 
It  is  taken  in  a  stream  80  yards  east  of  and  parallel  to  the  limestono  and 
chert  quarry  in  Bradwell  Dale.  The  limestone  iind  chert  beds  dip  E. 
about  10^,  and  the  shales  are  found  dipping  at  the  same  rate  and  in  the 
same  direction,  showing  at  this  place  perfect  conformability  between  the 
tvo  formations.  These  shalea  dionld  then  be  about  30  feet  above  the 
dnrt  beds,  aasnming  the  top  beds  of  the  quarry  are  the  upper  cherts. 

At  the  Wortley  Mine,  Bradwell,  these  lowsst  beds  of  the  Pendleside 
■ries  were  sunk  through  by  a  shaft,  and  *  the  limestones  and  cherts  were 
reached  40  fathoms  (=  240  feet)  from  the  sniiace.'  The  shales  and  thin 
limestones  on  the  spoil  heap  yield  J^osidontelfa  Ic&viSy  Gtyphiooeroi 
IriUnguey  Dincina  iiitida^  Athyrxs  anibigua^  JihynchomUa  trilatera. 

Fonii  Zonat.^r<m(ionieila  lcbvi4  is  found  practically  throughout  the 
iehes. 

PteriiLopecten  papyraceu9  is  very  much  more  common  in  the  upper 
ibsles,  and  may  be  considered  the  oommonest  fossil  in  them. 
Potidcmomya  Beeheri  is  a  valuable  fossil  for  nming  purposes.   It  is 

confined  to  about  12  feet  near  the  base  of  (3)  section,  and  is  really 
•fasndant  in  a  single  layer  less  than  1  inch  thick.  Associated  with  it  is 
P.  membranaceoy  which  is  confined  to  the  same  beds  and  is  abundant  in 
layers  in  shales  about  12  feet  above  and  3  feet  below  the  rich  P.  Buheri 

me. 

Glyphioceras  bilinffue  characterises  the  lowest  memb^'rs  of  the  series 
Useen  at  Bradwell,  Bari^er  Booth,  and  on  iliver  -Noe,  U^low  Bfwth. 

Glyphiocerag  reiiculatum  has  only  been  found  here  in  the  beds  asso- 
dated  with  PoMonomua  Btehmi, 

6,  Bpirale  and  0»  diadema  have  been  found  in  the  upper  middle  beds 
of  the  series  at  Mam  Tor  and  Peak's  Hole  Water. 

Actinopteria  perstUcata  and  Pteroniies  angustattis  have  been  found 
abundant  in  certain  shales,  in  each  case  overlying  plant-beds.  They  both 
belong  to  lower  middle  beds,  and  have  only  been  seen  at  one  horizon  each. 

The  association  of  fossiliferous  limestone  shales  and  bullion-beds  calls 
lor  remark,  as  it  is  very  commonly  found  that  such  shales  immediately 
OverUe  builioa-beda. 

The  survival  of  Phillipsia  into  the  Pendleside  age  is  worthy  of  note. 
It  ii  fairly  common  in  the  sub-crystalline,  thinly  bedded  limestones  shown 
A  Motion  (5). 

In  conclusion  doubtful  points  may  be  referred  to.  The  conformability 
of  the  Pendleside  series  to  the  Massif  as  seen  at  Bradwell,  has  been 

nentioiied  above.  Negative  evidence  in  support  of  the  same  view  is 
atforded  by  the  fact  that  nowhere  in  this  area  does  the  Masftif  form  an 
inher  with  different  horizons  normally  in  contact. 

It  is  impossible  to  estimate  the  thickness  of  the  beries,  as  all  the 
aeasures  are  not  exposed.    To  bum  up  what  may  be  buen — 
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(a)  From  top  ahaltis  K.  of  Mam  Tor  to  top  black  limestone  .  150  feet  (see  p.  217) 

(b)  Estimated  thickness  from  bua  of  («)  to  top  of  (p),      .  40  „ 

(p)  Thickness  of  section  (3)  140  „  (see  218) 

(d)  Feet  ion  (4)  shows  74  feet,  whUh  ii  heUered  to  he  below  («) 

(e)  ^Section  (6)  shows  36  feet 

110  feet 

Total  thickness  open  to  investigation,  440  feet. 


A  tAnt  of  thn  Fish  Famui  of  the  P/md/esuP  Lliw  ^ifoiies^  with  Remarkft  on 
tice  Evidence  tvhich  may  he  whhityui  from  xnch  List  in  support  of  fh'' 
SystetJiotic  Position  of  Uie  Rochi.  Ity  Edqab  D.  Wellburn,  F.G.S.,  dx. 

JUmatktonthe  ZdtL 

On  glancing  through  a  list  of  the  fossil  fishes  of  the  F^ndleside  Lime- 
stones, one  is  at  once  struck  with  the  great  similarity  of  the  fauna  to  that 

of  the  Millstone  Grits,  and  through  them,  to  a  f^reat  extent,  to  that  of  the 
Lower  Coal  Measures  above.  On  the  other  hand,  when  wo  compare  the 
list  with  that  of  the  true  Yoredales  (Phillips)  and  the  Mountain  Limo- 
bloneii  below,  the  great  dissimilarity  ia  at  once  apparent,  there  being  a 
decided  ftuid  great  break  in  the  fianna  of  the  two  groaps  of  rocks,  the 
dividing  line  being  at  the  base  of  the  Pendleside  Limestones  ;  and  this 
being  so,  in  my  opinion,  the  division  of  the  Carboniferous  rocks  should  be 
ttt  the  base  of  the  Pendlosides,  they  Ix'iiig  classod  alon^^  with  the  Millstone 
Grits  and  Oml  Meastn-fS  in  tijc  Upjx^r  Carb(MiitV*roiis,  whereas  tlie  true 
Yoredales  and  Mountain  Limestones  should  constitute  the  lower  division.^ 
If  we  go  into  the  matter  more  close  ly,  and  take  the  genera  in  the  list 
and  compare  them  with  those  found  in  the  rocks  alK)ve,  we  find  that  the 
following  pass  op  into  these  rocks,  bat  are  not  found  in  the  true  Yoredales 
utkI  Mountain  Limestones  below,  viz.,  Acanthodes,  Marsdenius,  Strepsodus, 
Khizo<lopsis,  Ccelacanthus,  Kliadinichtbys,  Elonichtbys,  Acrolepis,  and 
Platysomus. 

Again,  the  genera  Cladodus  and  Orodiis  are  very  rare  in  tiie  Pendlo- 
sides and  Millstone  Grits,  but  very  plentiful  in  the  rocks  below,  and  thqr 
appear  to  have  rapidly  died  out  and  become  *  xtinct  in  the  Upper 

Carboniferous  rocks  ;  and  yet  again,  althoui,'h  1  have  found  the  Lower 
Carlx)niferous  genera  Psephodus,  Pristodus,  and  Ptrcilodus  in  the  Millstone 
Grits  (l»ut  not  in  the  Pendlesides),  still  they  (the  teeth)  are  extremely  rare 
when  compared  with  the  other  genera,  as  I  have  only  found  a  single 
specimen  of  each.  They  are  also  of  small  size— when  compared  with 
those  found  in  the  Lower  Carboniferous  rocks,  where  they  are  very 
abundant — and  the  fishes  appear  to  have  become  extinct  in  the  Millstone 
Grits  ;  as  for  as  I  know  they  have  not  been  found  in  the  Coal  Measures 
above. 


Many  of  the  foesils  have  been  too  fragmentary  to  be  worth  preserva* 
Uon.  A  complete  series  has  been  sent  to  the  Geological  JUusenmi 

*  It  is  the  writer's  intentioa  to  deal  more  folly  with  this  snibject  later* 
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University  College,  London,  where  Professor  Garwood  has  offered  to 
exhibit  and  Btore  them.  Some  few  duplicates  toe  still  in  the  Seerefeuy's 
hands  for  purposes  of  comparison.   The  Lamellibnuichs  and  Bracfaiopoda 

from  Eccup,  collected  some  yean  ago,  have  been  determined  and  sent  to 

University  College.  Very  few  museums,  if  any,  possess  specimens  of  the 
Pendleside  fauna,  and  practically  no  fossils  from  the  alternating  limestones 
and  shales  of  the  Yoredale  phase  of  tlie  Carboniferous  Iiimestone  are 
exposed. 

The  thanks  of  the  Committee  are  duo  to  Mr.  K.  Kidston,  F.R.S., 
Dr.  A.  H.  Foord,  and  Dr.  Wellburn  for  work  done  on  the  collections, 
and  for  furnishing  reports  which  are  incorporated  herein,  and  to  Hr.  J. 
Ihum  lor  allowiiup  me  to  make  use  of  his  ooUectlons  in  oomptling  the 
fauna  of  the  Be(ksda1e  and  Fonr  Laws  limestone ;  to  Mr.  J.  Barker 
for  similar  help  in  W(  ardale. 

The  balance  of  51.  left  over  from  last  year  has  been  spent,  together 
with  the  greater  part  of  the  cfrant  of  lu^  made  at  tlie  last  meeting, 
leaving  only  a  few  shillings  balance.  It  is  to  be  hoptnl  that  a  liberal 
grant  will  again  be  forthcomincr.  The  Secretary  proposes  that  detailed 
work  be  commenced  on  the  various  limestone  and  shales  of  the  western 
escarpmeut  of  the  Pennine  scries,  together  with  an  examination  of  the 
quarries  In  the  lower  part  of  the  limestone  Massif  in  Deihjshire,  to 
ascertain  if  any  fossils  appear  to  he  restricted  to  certain  beds  or  horiaons. 
The  Secretary  also  hopes  to  obtain  an  accurate  list  of  the  Culm  fauna 
of  Devonshire^  the  similari^  of  the  Pendleside  and  Calm  fsimas  being 
most  striking. 


The  Movements  of  Undei'groand  Waters  of  North-west  YorksJure. — 
Third  Report  of  the  Cmnmittee^  comisiiivj  of  Professor  AV.  W. 
Watts  {Chairman),  Mr.  A.  K.  Dwehryholsf.  (Secretary)^  Pro- 
fessor A.  Smithells,  Rev.  E.  Jones,  ^Ir.  W.\lti:r  Morrison, 
Mr.  G.  Bray,  Ivev.  W.  Lo\vi:R  Charter,  Mr.  T.  Fairley,  Mr. 
P.  F.  Kendall,  aiid  Mr.  J.  E.  Mark, 

Plate  II. 

The  Coiiin)ittcc  is  carrying  out  the  investigation  in  conjunction  with  » 
committee  of  the  Yorkshire  Geological  and  Polytechnic  Society. 

On  referring  to  the  last  report  of  this  committee  it  will  be  seen  that 
on  September  5, 1901,  three  quarters  of  a  pound  of  fluorescein  was  put 
into  the  water  flowiii|(  down  Long  Chum,  near  Alum  Pot,  at  4  p.m.,  and 
that  a  further  quantity  of  three  quarters  of  a  pound  was  introduoed  at 
5.30  P.M.  on  the  same  day.  At  the  time  of  writing  the  last  report  the 
outflow  of  this  had  not  been  observed  ;  but  it  has  since  been  leame<l  that 
it  issued  from  Turn  Dub,  on  the  opposite  side  of  the  River  Ribbie,  and 
close  to  the  bank  of  that  stream,  on  September  1 7.  The  water  therefore 
took  twelve  days  to  accomplish  a  journey  of  1  .j  mile. 

The  extreme  slowness  of  the  How  is  partly  to  be  accounted  for  by  the 
dry  weather  which  then  prevailed ;  but  when  it  is  taken  into  oooiiden* 
tion  that  the  Water  of  Long  Chum  plunges  down  a  vwy  steep  Idl  into 
Alum  Pot,  the  total  depth  of  which  is  some  300  feet|  the  gradient  of  the 
lemaindfir  ol  the  stream  is  oonsiderahly  reduced. 
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The  Secretary  was  informed  by  Mr.  Wilcox,  of  Selside,  that  the 
fiaorescein  mt  niiunetl  above  had  been  seen  in  Footuaw's  Hole  prior  to  its 
appearance  at  Turn  Dub. 

Tbe  relative  pontkmii  of  Long  Chum,  Alum  Pot,  Footnaw's  Holo^ 
and  Tmn  Dab  ww  be  aeen  by  referenoA  to  the  map  (Plate  II.). 

In  dry  weather  Footnaw's  Hole  appears  as  a  wide  cleft  in  the  lime* 
rone,  witb  eloping  banks  of  silt  and  sand  round  two  sides  and  precipitoni 
liniestone  rocks  on  the  other  two.  When  the  streams  a!-«»  in  flood  after 
h>;ivy  rain  or  during  the  nieltini;  of  snow  tin'  wat«»r  in  Footnaw's  Uole 

I  a*€s  to  the  lip  and  tlows  over  dnwa  Footnaw  d  Beck  into  the  Kibble. 

'      Turn  Dub  i.s  very  rarely  dry,  while  it  is  only  in  exceptionaliy  wet 

I  weather  that  water  Hows  from  Footnaw's  Hole. 

Thus  it  wonld  appear  that  Footnaw's  Hole  is  a  6ood  outlet^  and  onlj 
eones  into  operation  when  the  nndei^groimd  passage  leading  to  Torn  Bab 

'  is  fell  and  therefore  unable  to  take  the  excess  of  water.  As  the  lip  ol 
FooioAw's  Hole  is  ;nst  below  the  l,22r)-foot  contour,  and  Turn  Dub  just 
below  that  of  1 ,200  feet,  there  oannot  be  a  fall  of  more  than  25  feet  from 
the  former  to  the  latter. 

Further,  since  in  ordinary  weather,  when  the  stream  is  issuing 
from  Turn  Dub  only,  the  water  in  Footnaw's  Hole  stands  some  20  feet 
Wow  the  ground  level,  it  will  be  seen  that  there  must  be  a  siphon-like 
passage  bdow  the  river  ;  and  since  this  passage  must  be  oonstantly  filled 
with  water  np  to  the  lerel  of  the  overflow  of  Tarn  Dab^  it  will  aeoonnt 
for  the  veij  slow  passage  of  the  llaoresoein  over  at  least  this  part  of  the 
joomey. 

Since  the  water  passes  beneath  the  Kiver  Kibble  it  follr  ^v  that  these 

mast  be  some  impervious  cover,  because  if  this  were  not  the  case  tlie 
''ater  of  the  underground  stream  would  iind  an  escape  at  the  lowest 
point — namely,  in  the  bed  of  the  river  — and  would  not,  as  is  the  actual 
ease,  pass  under  that  stream  and  rise  some  10  or  12  feet  above  it  on 
the  opposite  bank. 

With  a  view  to  ascertaining  the  nature  of  this  impernoas  cover  and 
jti  thiekness  it  was  determined  to  oany  oat  a  series  of  boring  operations 
,  in  the  allavial  flat  Ix  t  ween  Turn  Dab  and  the  river. 

In  the  first  place  Turn  Dab  was  sounded  and  found  to  be  only  about 

l'^  feet  in  depth.  Now  Turn  Dub  is  a  circular  pond  of  still  water,  and 
althouijh  a  lari^c  stream  of  water  flows  out  there  is  no  disturbance  of  the 
surface,  nor  welling  up  of  the  water  apparent.  This  would  lead  one  to 
suppose  that  the  pool  was  much  deeper  than  is  actually  the  case.  So  far 
as  could  be  ascertained  by  drawing  the  sounding-iron  across  the  bottom 
«f  the  pool,  this  consists  of  large  boulders.  This  led  your  Committee 
to  inspect  that  the  cover  condstod  of  bonlder  olay,  and  that  the  bottom 
fi  Tarn  Bub  consisted  of  boalders,  the  olayey  matrix  having  been  re- 
moved by  the  action  of  the  flowing  water. 

The  boring  operations  were  andertaken  with  a  small  set  of  hand 
boring-rods  provided  with  an  anger  bit. 

With  this  apparatus  it  was  possible  to  prove  that  the  bluish  alluvial 
cluy  was  underlain  by  a  material  consisting  of  a  somewhat  sandy-brown 
clay  with  many  large  stones,  and  in  every  way  similar  to  the  boulder  clay 
cl  the  neighbourhood,  whicli  in  some  places  can  be  seen  close  to  the  river- 
bsak. 

The  presence  of  numeroas  bonlders  prevented  the  boring  operations 
being  carried  more  than  a  matter  of  1  or  2  inches  into  the  boulddr 
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clay,  so  thftfc  it  was  impossible  to  obtain  any  definite  evidence  regarding 
the  thioknets  of  the  bed. 

Further,  although  bouMor  clay  was  proved  to  underlie  the  alluvium 
on  both  banks  of  tho  llibblo,  it  was  impossible  to  obtain  P\'idencp  of  its 
existence  in  the  river  bed,  as  this  consists  of  coarse  shingle  which  could 
not  be  penetrated  by  the  hand- boring  apparatus. 

In  order  to  clear  up  this  matter  latiaSaotorily  it  will  be  neoeuary  to 
engage  the  servioet  of  a  prolenional  well-sinker  and  to  have  one  or  two 
boreholes  put  down  by  mechanical  means. 

/n««0^0«#io»  of  ihi  Sinanu  tributary  lo,  or  tti  t&«  «M^A6ottrAood  of^ 

A  SBries  of  small  springs  rises  beneath  the  drift  and  peat  near  the 
wall  at  the  north  end  of  Whit-a-Green  :  these  run  together  and  form  a 

small  stream  which  sinks  at  P  34,  a  small  pot-hole  amongst  long  grass. 
Fluorescein  was  iutroduct  d  here  and  reappeared  in  half  an  hour  at  a 
small  opening  some  hundred  yards  to  the  south  of  F  34  :  here  the 
stream  can  be  traced  on  the  snrface  for  20  yards,  when  it  again 
ionks. 

The  fluorescein  was  put  into  P  34  at  4  p.m.,  and  was  traced  the 
following  day  at  S  52  ;  then  overground  to  P  35,  where  it  again  sank 
to  reappear  at  S  49  ;  thence  it  Howed  to  P  36,  and  so  underground  to 
S  50,  finally  sinking  at  P  41. 

The  fluorescein  sinking  at  P  41  did  not  afleci  any  o£  the  springs  on 
Font  Qraen,  but  was  again  seen  in  Footnaw's  Hole. 

This  water  must  therefore  go  by  a  deep  course,  and  evmitually  join  the 
underground  flow  from  Alum  Pot  to  Turn  Dub,  vid  Footnaw's  Hole. 

Whit-a-Gre^n  Spring. — This  rises  on  the  liighor  slopes  of  8imon  Fell 
at  a  height  of  1,GOO  feet,  and  flows  over  the  sui  faco  of  the  rocks  of  the 
Yoredale  Series  till  it  reaches  the  underlying  Carboniferous  limestone  at 
1,250  feet,  where  it  sinks  at  P  29. 

A  trial  with  fluorescein  resulted  in  proving  that  this  water  flows  oat 
at  8  55  and  falls  into  the  middle  opening  of  Long  Churn,  known  an  1>iokon 
Pot|  P  30,  wlicre  it  joins  the  main  stream  occupying  that  channel. 

The  channel  by  which  this  stream  flows  can  be  traced  for  a  consider- 
able distance  by  means  of  a  series  of  openings  to  the  surface,  and  it  was 
found  to  be  possible  to  actually  traverse  the  tunnel  throughout  almost 
its  entire  length  ;  but  the  exploring  party  was  eventually  stopped  by  the 
xoof  coming  down  to  the  water  level. 

Sytuifl  Sjirhif/  to  the  NortJi  mst  of  last  (S  53). — There  is  never  much 
water  in  this  spring,  and  it  is  quite  dry  in  seasons  of  drought.  It 
probably  derives  its  water  from  th(^  peat  at  its  head. 

The  water  sinks  at  P  2<S  and  issues,  as  proved  by  a  fluorescein  test^ 
at  8  55,  along  with  the  water  from  P  29. 

The  underground  junction  of  these  two  streams  was  afterwards 
traced,  though  it  was  found  to  be  impossible  to  follow  the  whole  length 
of  the  passagr,  the  roof  being  too  low,  and  there  being  deep  pools  of  water 
lying  in  the  l)ottoni. 

It  may  be  mentioned  in  passing  that  as  this  was  a  short  run  methy- 
lene blue  was  tried  for  the  test,  but  although  only  a  small  quantity  of 
water  was  flowing  at  the  time  it  was  not  seen  at  S  56 ;  one-fonrth 
the  quantity  of  fluorescein,  however,  succeeded  two  hoars  later. 


Digitized  by  Google 


JIOTBMBHTB  OF  UVDEROROUlf D  WATBttB  OV  MOBTH«WBST  TO] 


IBS.  227 


This,  together  with  the  failure  of  methylpne  blue  to  put  in  an  appear- 
ance when  used  at  Grey  Wife  Sike,  as  mentioned  in  the  second  report  of 
this  committee,  demonstrates  conclusively  the  superiority  of  iiuoresoein 
for  purposes  of  this  nature. 

Loiu/  Ckum  Spring.^Thia  rises  on  the  upper  slopes  of  the  fell  toad 
smks  on  Berrin's  Moor  at  P  42,  and  after  a  very  short  undei^gronnd 
ooane  Issues  »t  8  67,  forming,  however,  only  »  veiy  insignifieant  part  d 
that  spring. 

The  next  series  of  experiments  had  for  ita  object  the  discovery  of  the 
source  of  the  bulk  of  the  water  at  8  57. 

On  eumining  the  upper  part  of  Alum  Pot  Book  it  was  found  that  a 
large  part  <^  that  stream  sank  at  P  33,  and  flnoresoein  introdnoed  here 
was  seen  at  S  57  within  an  hour. 

P  26  was  the  next  point  of  experiment,  and  by  a  series  of  trials  with 
fluorescein  it  was  found  that  the  water  flowed  underground  along  a  well- 
marked  hne  of  joint  to  P  43  a. 

This  line  of  joint  is  well  marked  both  by  crevices  in  the  dints  and  by 
a  line  of  pot-holeS|  in  some  of  which  the  water  shows  itseli  It  runs 
N.  18MV. 

At  P  34  «  the  water  falls  into  another  open  joint,  running  N.  25°  E., 
which  leads  it  to  S  51,  whence  it  runs  over  the  surface  to  P  43,  again 
beneath  the  surface  to  8  40,  and  then  on  to  S  42  and  F  37,  where  it  again 
disappeara. 

At  the  time  of  these  experiments  the  greater  part  ol  the  water  was 
sinking  in  the  bed  of  the  stream  at  P  37  a,  but  a  little  was  flowing  on  to 

P  37  near  the  old  limekiln. 

Fluorescein  put  into  the  stream  just  above  P  37  a  came  out  at  P  38, 
where  it  again  sank  and  reappeared  half  an  hour  later  almost  simul- 
taneously at  S  4^  and  S  44. 

It  was  then  traced  to  P  39,  where  it  again  went  underground  to  issue 
at  Font  Oreen  Spring,  S  45. 

At  P40  part  of  this  stream  sinks  (the  whole  of  it  in  dry  weather)  to 
reappear  at  S  46,  and  part  flows  over  the  surface,  the  streams  whva 
reunited  forming  Selside  Beck,  which  runs  through  the  village  of  <Selside 
and  on  into  the  Kiver  Ribble. 

The  above  streams  occupy  a  wide  valley  and  would,  with  the  excep- 
tion of  Gill  Garth  Book  (P26  to  P37),  aU  dram  into  Selside  Beck  were 
they  not  swallowed  into  cracks  in  the  limestone. 

There  would  appear  to  ho.  two  distinct  sets  d  ohsnnels  below  Font 
Green — a  deeper  and  a  more  superticial  one. 

The  water  flowing  by  the  deeper  channel — viz.,  that  from  Alum  Pot, 
Long  Churn,  and  P  41 — reaches  the  Kibble  by  way  of  Footnaw's  Hole 
and  Turn  Dub,  while  the  shallower  set  issues  on  Font  Green  and  joins 
Selside  Beck. 

Many  of  the  underground  stream  courses  are  accessible  and  may  be 
followe<l  for  long  distances  with  the  aid  of  short  ladders,  provided  the 
explorer  does  not  object  to  getting  wet  and  doing  a  certain  amount  of 
crawling  in  the  less  lofty  portions. 

It  was  laid  down  m  the  two  prenous  reports  of  this  Committee  that 
as  a  general  rule  the  flow  of  underground  water  in  limestone  rocks  follows 
the  direction  of  the  master  joints,  and  this  view  has  been  strikingly  con- 
firmed by  several  of  the  experiments  whioh  have  been  carried  out  daring 
the  onrrent  year. 
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It  was  seen  that  in  the  open  passages  in  the  neishbonrhood  of 
Pot  wns  an  opportunity  for  putting  this  theory  to  w  practical 

following  the  water  step  bj  step  in  its  underg^round  journe}'ings. 

W'itii  fliis  ohjoct  in  view  your  Committee  undertook  to  make 
vey  of  some  of  the  more  readiJy  aocesiible  channels,  with  the  i 
results. 

A  plan  of  tlie  series  of  passajjes  communicating  with  Loii^  Chun 
joining  that  opening  with  Alum  Pot  was  constructed,  and  this  w 
publi^ed  in  due  course  by  the  Yorkshire  Geological  and  Poly 
Society. 

On  this  plan  the  directions  of  the  principal  lines  of  jointing 
been  marked  for  purposes  of  ooinparison  with  the  direction 
caverns. 

It  may  he  confidently  said  that  there  is  a  pfeneral  parallelism  bet 
joints  and  passages,  but  this  is  by  no  means  so  close  as  was  at 
expected. 

To  account  for  the  want  <»f  parallelism  between  joints  and  pa 
it  is  necessary  to  study  the  evolution  of  one  of  these  underg 
chambers. 

The  joints  in  the  limestone  undoubtedly  give  the  initial  direoti< 
the  underground  stream ;  but  as  soon  as  a  channel  is  formed  suiiici 
laige  to  allow  of  a  free  flow  of  water,  as  opposed  to  mere  soaka 

number  of  other  forces  come  into  play  which  tend  to  modify  the  direc' 
BO  as  to  cause  it  to  diverge  somewhat  from  its  original  one  of  ^ 
parallelism  to  the  joints. 

Fur  example,  the  dip  of  the  rocks  causes  the  erosion  of  the  chan 
to  be  more  severe  on  one  side  than  the  other — namely,  on  the  low 
*down  dip '  side — ^and  where  there  are  cross-joints  the  dip  may  tend 
produce  a  lateral  escape  along  one  of  these  so  aa  to  give  rise  to  a  zi 
course. 

Up  to  a  certain  point  the  erosion  in  these  undei^ground  river  chan 
is  entirely  by  solution,  but  so  soon  as  the  external  opening  becomes 
iiciently  large  to  admit  sand  gravel  and  boulders  excavation  by  mean 
atU'ition  comes  into  play. 

At  this  point  in  the  history  of  a  subterranean  river  zigzags  ai 
changed  into  sharp  windings,  which  in  their  turn  impart  a  swing  to  tl 
waters  in  the  straight  parts,  ibus  causing  a  series  of  windings  to  be 
up  in  a  manner  similar  to  that  which  goes  on  in  surface  streams. 

As  the  external  opening  which  gives  access  to  the  water  increases 
sixe,  sodoes  the  amount  of  water  flowing  through  the  passage  incre 
An  increase  of  volume  means  an  increase  of  speed  and  a  lessened  ten 
dency  to  winding  ;  at  the  same  time  the  passage  must  be  widened  so  as 
accommodate  the  increased  volume  of  the  stream. 

The  tendonry  at  this  stage  is,  then,  t<:»  widen  and  straighten  out  the 
passages,  and  many  are  the  deserted  '  ox- bows,'  both  large  and  small, 
which  may  be  seen  in  the  passages. 

Some  of  these  are  small  and  situated  at  a  considerable  height  above 
the  floor  of  the  main  passage,  while  others  of  more  recent  formation 
are  approidmately  at  the  same  level  as  the  water-bearing  passage,  a 
few  of  them  still  being  occupied  by  a  portion  of  the  stream  in  times  of 
flood. 

The  condition  of  approximate  stability  is  reached  when  the  opening 
becomes  suiliciently  large  to  swallow  the  whole  of  the  surface  stream. 
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Oil  the  occasion  of  tlieir  laj>t  visit  to  the  district  your  Committee 
hurriedly  explored  a  cave  which  they  had  not  previously  seen,  and  are  of 
opinion  that  it  offers  renmrkable  ladlities  for  the  further  study  of  the 
development  of  underground  watercourses,  inasmuch  as  it  exhibits  tribu«i 
tary  and  deserted  pnssar'f^s  in  every  stige  of  development  and  (N  ray. 

In  order  to  enable  them  to  further  prosecute  the  study  of  tins  nio>t 
interesting  question  yovu  C'onuuittee  hopes  that  it  will  he  gr.inted  a 
new  lease  of  life,  and  therefore  asks  to  be  reappointed  with  a  further 
grant. 

The  members  of  the  Committee  wish  to  tender  their  thanks  to  Mr 
Theodore  Ashley,  of  Leeds,  mine  surveyor,  who,  though  not  a  member 
of  either  of  the  committees,  has  given  much  time  and  care  to  the  investi- 
gation. 


rhoiographs  of  Gcuh^jical  IiUerett  m  i/te  Untied  Kingdom,'^Thitteenih 
Report  of  the  Commiiteey  cfnisMiig  of  Professor  James  Geikie 
(Chairman),  Professor  ^V.  ^V^  Watts  (Secretary)^  Professor  T.  G. 
BoxjJEY,  Professor  E.  J.  Gauwood,  Dr.  Tempest  Andehson,  Mr. 
(JoDKREV  BiX(fLEY,  Mr.  H.  CoATEs,  Mr.  C.  V.  Crook,  ^Ir.  J.  (i. 
(4ooi)ciiiLD,  Mr.  William  Gray,  Mr  Robekt  Kidston,  ^Ir.  A.  8. 
Hkid,  Mr.  J.  J.  H.  Tkall,  Mr.  R.  Welch,  Mr.  11.  H.  Wood- 
WAiU),  muL  iMr.     WooLNOUGU.    (Dmim  up  bij  the  Secretary,) 

Tub  Committee  have  to  report  tliat  during  the  year  -ii-  new  photographs 
have  been  received,  bringing  the  total  number  in  the  collection  to  3,308. 
This  is  the  largest  number  of  new  photographs  ever  recorded  in  a  single 
year,  and  the  annual  average  number  of  photographs  recorded  for  each 
of  the  thirteen  y^ars  of  the  Committee '.s  existence  now  reaches  •_''>4. 

The  usual  geograpliii  al  scheme  is  appended.  There  are  no  new  coun- 
ties in  the  list,  hut  the  following  are  now  very  well  represented  ; — Cumber- 
land, Devon,  Gloucester,  Leicester,  Somerset,  and  Westmorland,  while 
Sttflfolk,  Glamorgan,  Banff,  Fermanagh,  and  Sligo  are  beginning  to  be 
better  illustrated.  There  are,  however,  several  counties,  many  of  them 
mentioned  in  previous  reports^  still  entirely  unrepresented  in  the  colleo* 
tion. 

Several  iiiipiovcments  are  noticeable  in  this  year's  acces.sions.  In  tho 
lirst  place,  iiislead  of  isolated  photographs  the  Committee  are  receiving  an 
increasing  proportion  of  groups,  each  iUnstrating  some  special  point,  some 
defined  area,  or  some  particular  piece  of  work.  Thus  Mr.  Bingley  sends 
a  series  illustrating  Professor  Kendall's  work  on  the  Glaciation  of  the 
Cleveland  Hills,  recently  published  by  the  (leological  Society,  lie  also 
continues  his  Yorkshire  Coast  series  and  those froni  theMagnesian  Lime- 
stone district.  Mr.  A,  S.  Keid's  set  shows  the  development  of  joint-caves 
by  marine  denudation.  Chamwood  Forest  is  the  subject  of  most  useful 
sets  by  Dr.  Meadows,  Mr.  Harrison,  Mr.  Hodson,  Mr.  Coomuraswdmy, 
and  Mr.  Levi.  The  Geologists'  Association  excursions  have  also  produced 
a  Gower  series  by  Mr.  Cooniara.s%v;miy,  and  numerous  isolated  prints  by 
himself  and  other  geolor,nsts.  Professor  Keynolds  sends  sets  taken  along 
a  new  railway  in  Gloucestershire,  and  groups  from  iSouth  Devon,  Glouces- 
tershire, and  Somerset. 
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PMrions  Collec- 
tion 


Ekulanx>— 
Cornwall  . 
Cumberland 
Derbyshire 
Devon 
Dorset  . 
Durham  • 
Essex 
GloQcestonliife 
Hampshire 
Kent 

Lancashire 
Leicestenhire 
Middlesex 
Shropshire 
Somerset  . 
Staffordahire 
SnffloUc  . 
Surrey 

Warwickshire 
Weetmorland 

Worcest  ershire 

Yorkshire 

Others 


Total  . 

Walep — 
Qlamorig^anshire 
Montgomeiysbire 
Others  . 


Total  • 

OHAVXBI.  ISLAHIMI  . 
ISLB  OF  UaN  • 


h  Scut LAN] 

Banfhhtre  . 

Lanarkshire 
Orkney  and  Shetland 
Perthshire 
Othem 


Total 


IBELAN'D— 

Antrim  . 

Donnp-al  • 

Down 

Dublin  . 

Fenuaoagh 

Sligo 

Others 


Total 


Book  Stbuctubib  . 


4S 
18 
41 

186 
09 

111 
8 
24 
19 
72 
67 
98 
8 
44 
47 
61 
10 
48 
88 
02 
19 

456 

215 


1,712 


12 
10 
172 


194 


16 


60 


4 

7 
1 
20 
S79 


811 


226 
46 
86 
27 
4 
4 

lie 


508 


96 


Additions 

(ino'2) 


8 

21 
3 

40 
2 
6 
8 

27 

17 
7 
1 

46 
4 
7 

19 
2 

11 
4 
1 

16 
7 
88 


339 


29 
1 


80 


7 
4 
2 
2 


16 


13 
6 
2 
6 

1 
1 


Total 


60 
89 
44 

176 
101 
117 
6 
61 
36 
79 
68 
188 
7 
61 
66 
68 
21 
47 
S9 
78 
26 
544 
215 


2,061 


41 

U 
172 


224 


16 


60 


11 
11 
8 
22 
279 


60 


6 
6 

116 
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ipMvwotCoUce- 
iion 


if    England  • 


I 


Chasnll  Tslahds 
Isle  <>f  Man  . 
Scotland 
Ikslahd  .  • 
Bock  Snuorui 


1J19 
194 
IS 

60 
311 
609 

96 


(1909) 


Total 


339 
80 


16 


2,051 


16 

60 
326 
686 


1 


Total  I  2.896 


I 


412 


3,308 


To  the  same  categ«jry  lu  loiig  also  Mr.  llar  iisoii's  Isle  of  Wight  HO 
mad  his  ■eries  illustrating  Pliocene  and  Pleistooene  rocks  in  Sufiblk. 
Xbe  doydaa Scientific anaKataral  Histoiy Sodetj,  through  Mr.  Robarts^ 
coiitiniMB  its  illastrmtiona  cf  local  geology, »  work  which  in  fatnro  will 

pcerameblj  be  carried  on  by  tho  recently  inaugurated  county  survey  of 
Surrey  on  a  larger  scale.  The  Philosophical  Society  of  the  Univertity  of 
Durham  also  sends,  through  ^tr.  1).  Woolaoott^  photographs  in  oonttnua- 
ticn  of  its  former  wt)rk  in  its  county. 

Mr.  Welch  is  continuing  his  admirable  task  of  illustrating  Irish  geo- 
logical features,  and  sends  beautiful  sets  of  platinotypes  from  Antrim, 
Donegal,  Down,  Dublin,  Fermanagh,  and  Sligo.  Mr.  Wat^n  contributes 
well-teken  illostrations  of  CSarbonSeroiis  trees. 

In  the  second  place,  an  increasing  number  of  photogr^hs  are  now  so 
well  taken  and  from  such  advantageous  points  of  view  that  they  tell  their 
own  story  and  depend  much  lees  on  description  than  hitherto. 

Again,  the  photographs  arc  of  a  more  serious  geological  character  than 
ever  before,  and,  although  m.'U)y  of  them  are  pretty  ]»ictur«'s  as  well,  they 
illustrate  important  and  typical  geological  phenomena  and  iesitures  really 
worthy  of  record.  Tn  some  cases  new  discoveries  and  facts  very  dithcult 
of  portrayal  are  attempted  and  with  considerable  success. 

Lastly,  unusual  care  has  been  taken  in  the  descriptions  ;  and  although 
tfaeie  nncUmbtedly  impose  a  tax  on  tiie  photographers*  time  and  patience, 
they  add  very  greatly  to  the  permanent  value  of  the  photographs. 

In  addition  to  the  larger  sets  specified  above,  eepecial  mention  .should 
be  made  of  the  following  : — Messrs.  G.  V.  and  H.  Preston's  and  Mr.  Pvcid's 
Cornish  Raised  Beaches  ;  Mr.  Wrench'.**  examples  of  glaciation  in  1  )erl)y- 
shire:  Mr.  Monckton's  sets  from  Essex,  Kent,  Surrey,  and  Yorkshire; 
Mr.  Robinson's  pretty  set  from  Yorkshire,  and  Mr.  Metcalfe's  very  choice 
trio  from  Antrim. 

To  all  the  gentlemen  menliuned  above  the  very  best  thanks  of  the 
Committee  are  dne^  and  also  to  the  following^  who  liave  helped  by  contri- 
batioBS  and  other  awistance :  Mr.  £.  Pierce,  Mr.  Wheen,  Mr.  C.  H* 
Tophani,  Mr.  J.  H.  Baldock,  Mr.  W.  G.  Eeamsidei,  Mr.  Q.  T.  Atchison, 
3Ir.  W.  J.  Forrest,  Mr.  C.  J.  Wateon,  Mr.  J.  Barrowman,  Mr.  W.  H 
Beeby,  and  Miss  M.  K.  Andrews. 

The  Committee  would  be  glad  if  all  contributors  would  make  use  of 
local  numbers  as  a  key  to  their  photographs.  The  method  has  several 
advantages.  In  addition  to  being  a  means  of  identitication  })y  the  Secre- 
tary it  enables  contributors  to  recognise  their  prints  in  tlie  li.st  and  to  athx 
the  B.A.  number  to  their  negatives.  Also,  if  the  number  is  placed  right 
way  up  on  the  photograph,  it  affords  a  nsefol  and  sometimes 
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in  moonting  It.   But  it  has  a  further  use,  which  is  mnoh  more  appreciable 

now  that  the  collection  and  aocossions  are  so  lari^'^',  and  that  less  acces- 
sible and  less  known  districts  .'ire  being  photographed  ;  by  groupini:  liis 
numbers  the  contributc)r  can  help  the  Committee  in  the  dithcult  tusk  ot 
groupin>^  the  prints  for  mounting,  a  most  important  thing  when  large 
eerira  have  to  be  dealt  with  from  a  district  not  personally  known  to  the 
Becretary  or  his  friends. 

Although  a  few  photographs  and  slides  for  the  duplicate  series  have 
been  received  durinL,'  th»'  year,  notice  of  them  is  withheld  for  the  jiresent. 

The  duplicate  collection  has  be<'n  sent  to  natural  history  societies  at 
the  following  places :  Birmingham,  Bristol,  Croydon,  Belfast,  and  Leeds. 

The  first  issue  of  the  published  series  of  geological  photographs  has  now 
reftched  tiw  subscribers.  Twenty-two  prints  and  slides  taken  from  nega- 
tives lent  by  thirteen  contributors  have  been  issuetl,  accompanied  by 
printed  descriptions  written  by  fourteen  geolo;^ist.s.  To  contributors  and 
subscribers  the  Coniniittce  Avish  to  giv(?  their  best  thanks.  The  Secretary 
has  received  many  kindly  expressions  of  satisfaction  from  the  subscribers, 
amongst  whom  are  many  foreigners  living  all  over  the  world. 

It  is  hoped  that  the  second  issue  will  be  complete  within  this  year,  as 
the  selection  has  already  lx?en  made  and  some  of  the  work  is  in  hand. 

Applications  l)y  T.ocal  Societies  for  the  loan  of  the  duplicate  collection 
should  be  made  to  the  Secret^iry.  Either  prints  or  slides,  or  botli,  can  Ihj 
lent,  with  a  descriptive  account  of  the  slides.  The  carriage  and  the 
making  good  of  any  damage  to  slides  or  prints  are  expenses  borne  by  the 
borrowing  society. 

The  Committee  recommend  that  they  be  reappointed,  with  a  small  grant, 
and  that  Professor  S.  H.  Keynolds,  Mv.  A,  K,  CoomirMwAmy,  and  Mr. 
J.  St  J.  Phillips  be  added  to  their  number. 


THIRTEENTH  LIST  OF  GEOLOQICAL  PHOTOGllAPHS. 

(To  AvouBT  27,  1902.) 

This  list  contains  the  geolop^ical  photoj^raphs  wliidi  have  been 
received  by  the  Secretary  of  the  Committee  since  the  publication  of  the 
last  report.  Photographers  are  asked  to  afi'ix  the  registered  numbers, 
as  given  below,  to  their  negatives  for  oonveuience  of  future  reference. 
Their  own  numbers  are  added  in  order  to  enable  them  to  do  so. 

Coi)ies  of  photographs  desired  can,  in  most  instances,  be  obtained 
from  the  photographer  direct,  or  from  tho  officers  of  the  local  society 
under  whose  auspices  the  views  were  taken. 

Tho  price  at  which  copies  may  be  obtained  depends  on  the  si/e  of  the 
print  and  on  local  eircumstaaoes  over  which  the  Committee  have  no  controL 

The  Committee  do  not  assume  the  copyfight  of  any  photof/rajifa 
included  in  this  list.  Inquiries  respecting  photographs,  and  applications 
for  permission  to  repi-oduce  them,  should  b«'  addressed  to  the  photogmphers 
direct.  It  is  recommended  that,  wherever  the  negative  is  suitable,  the 
print  be  made  by  the  cold-lmth  platinotype  process. 

The  very  best  photographs  lose  half  their  utility,  and  all  their  vftlue 
M  documentary  evidence^  unless  accurately  described ;  and  the  Secretary 
would  be  grateful  if,  whenever  possible,  such  explanatory  details  as  can 
be  given  were  written  on  the  forms  supplied  for  the  purpose^  and  not  an 
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iJie  hack  of  the  j-Jindx/rnph  or  elsewhere.  Much  labour  and  error  of  tran- 
scription would  tiiereby  be  saved.  It  is  well,  also,  to  use  a  permanent 
ink  for  this  purpose.  A  local  nuniber  by  whioh  the  print  and  neoatiTe 
can  be  reoogniaed  should  be  written  on  the  back  ol  the  photograph  and 
on  the  top  right-hand  comer  of  the  form. 

Copies  of  photo«:raphs  should  be  sent  vnmouHied  to  W.  W.  Watta^ 
The  University,  BirniiDgham,  and  forms  may  be  obtained  from  him* 

The  size  of  photographs  is  indicated  as  follows  : — 

L  -  Tiaatem  siie.  1  /  I  =  Whole  plate. 

1/1  =  Quart»'r-plate.  10/8  =  10  inches  by  8. 

1/2  =  Uaif  piato.  12/10  =  12  inches  by  1 0,  &.Q. 

E  rignlAei  Bnlargementa. 

*  Indicates  that  photographs  and  slides  may  bo  purchased  from  the  donors,  or 
obtained  through  the  addnss  given  with  the  series. 


LIST  I. 
ACCii;S(>iONS  IN  1001-1002. 

IKGTiAND. 

CoBXWAM^^Fhotos^raphed  by  A.  S.  Reid,  M.A.,  F.GM.y  Trinity  College, 

GUneUmondt  Ferth.    1  /4. 


(P.T.  5)  Fcndora  Beach,  Oenan  Babed  Beach.  1900. 

IJar. 

3266    CI  T.  4)      n         n         »  »         n  n 

Pkotograpked  by  G.  V.  aiid  H.  PBBSTON,  Alterne  Jlouse,  Pensanee. 
*R.  H.  Pbbston,  PensMnee,    1/1  and  5/4. 

2880   (     )  rorihmeo  CoTe,  Zeuaor  .   Graoite  vein  mtcrsectio^  and  shifting 

another.  1898. 
8881  (    )  Forth  Kanven  Cevi.  St.  Bailed  Beaoh.  1900. 

Just. 

C     )        H  If     '     •»      Raised  Beach,  looking  N.  11)00. 

  (         )  tt  >l  W  f»  »»  S.  M 

2884    (      )        f,  „  H        ■  M 

2886  (     )       M  „  „     •  Head '  covering  Kaised  Beach,  im 

CuMBBELAND. — Pfiotoffrajjhed  by  Godfrey  BiNCiLKY,  Tkorniekursiy 

Headingley^  L^'eds.  1/2. 

2886   (5622)  Head  of  Doomail  liaise,  btreani  dividing  on  Cone  of  Dejection. 

1901. 

(5023)  Thirlmere,from  Dmuoail  Moraine  from  Wythburn  Valley.  1901. 

lUise. 

(5621)        ,t         „  Dunmail  Raise  in  distance.  »» 

(5628)  Tbreli&eldGraniteQuarry.  Joiutiitg  in  Microgranite.  «t 

2890  (5627)  h 

2891  (n629) 

^^^^  »• 

9898   (6631)  „  „ 

2894  (5G55)  Summit  of  Carroek  IfelL  Weatbered  Granophyre.  h 

2895  (5G53)  Ejcott  Uill  .      .      .  Hypenthene  Dolertte.  », 

(5661)  Cteeat  Mell  Fell,  Trout-  Basement  Beds  of  Carboniferons  Lime- 
baok.  atone.  1901. 


^  J  .i^cd  by  Google 


^34  b£P0Bt— 1902. 

2888  (5642)  Uouister  FaM  .  .  Looking  down.  190L 
 ^ 


(6844)       „       „  „  up 

(6637)  Gnoge  Bridge,  Bomnr-  Stoiatad  rtche  mmOmmh  » 

dale. 

2901    (6636)  Orange  Bridge,  Borrow-  n       »           $,  » 
dale. 

2002   (5fi34)  T^erwentwater             .  Delta.  «, 

2908   (5633)  Sjmiig  aui,  Skiddaw  .  Contact,  altered  Slate  and  Granite  „ 

Photographed  by  A.  K.  Coom araswamy,  B.Sc.^  F.G.S*^  Walden, 
Worphsdon,  GicUdford.    1/  4  atwi  1/1  E. 

290i  (     )  Seatbwaite,  Bonowdale  .  Lateral  ^Stream  entenog  vall^  at  higb 

level.  1I»()0. 

2906    (     )  Above  Sty  Head  Tarn,    Block  of  •  Snaky  Aah.'  1900. 
Borrowdale. 

2006  (     )  From  above  King's  Head,  Skiddaw'andj Saddleback.  1900. 

Tbirlbpot. 

D&RBY8mR&.—r/u)tof/raphed  by  A.  Wheen,  Baslow^  and  presented  by 
E.  M.  Wrench,  Park  Lodgn^  Baslotv.    1  /  2. 

2007  (1)  Nortb-east  comer  of  Cbats-  Strias  on  Millstone  Grit  Boulder.  1900. 

worth  Park. 

(2)  North-east  comer  of  Obats-  Mammillated  Gritstone  Boulder.  ,» 

worth  Park. 

(3)  North -oast  comer  of  Chats-  ^  n  h  » 

worth  i'ark. 

DBVONbUliiE. — Photographed  by  Professor  S.  H.  REYNOLDS,  M,A,,  F.GJS^ 

University  CoUeye,  BristnL    1/2  and  1/4. 

2010  (13)  Near  Uonsdon    .       .       ,    CI i tl  nf  I  pper  Oreensand  and  Chalk.  1900. 

2011  (1-1)  Eafit  ot  iiousdon       .      .    Lppir  Ureensiind  and»lA)wer  Lias. 
9012     (9)  NearHoasdon  .      •      .  Landslip.  m 
2913     (8)    ,1        M       •      •      .  t> 

2014  (15)  Roufdon  Landslip  .  .  Chalk,  with  bard  foraminifcral  lumps. n 
2915  (10)  Coast,  near  Pinbay  .  .  Lower  Lias  and  White  Lias.  m 
8016  (11)  Between  Pinhayand  Lyme  Lower  Lias.  » 

2917  (12)  East  of  Pinhay  ..,*„„ 

2918  (in)  Thnrlof^tone  Sands    .       .    Permian  Conglomerate.  IW!. 

2919  (17)         „  .      .    Unconformity,  Permian  on  Devonian.  „ 

2920  (90)  Inner  Hope,  Bolt  Tail      .  Contorted  Mica-schist  ^ 
2021    (23)  „  ..... 

2922  (2fi)  Bati^on  Creek,  Kingsbridge    Weathere<i' ilornblendo-epidoto-srhist.',, 

2923  (27)  „  „  „  ,  contorted  '  Mica  sciiist.'  n 
202«  (81)  Start  Point                  .  Ragged  weathering  of  Mica-sobist.  » 

2925  flH)  West  of  ToneRMS      .      .    Quartz-voins.  „ 

2926  (I'J)     „  „  .       .    Contorted  Quartz- vein. 

2927  (24)     „  „  .      .   Weathered  surface  of  contorted  Devonian 

Rocks.  1901. 

8096  (96)    „  „         •      •  Weathered  surface  of  oontorted  Devonian 

Rocks.  lifOl. 

2020    (22)  Near  Hotel,  Torcross       .    Igneous  bands  (?)  in  Devonian  Slate.  1901. 
8080  (28)  Sboie, east  of  Fki%nton    .   <  Head' capping  New  Red  Sandstone.  „ 
0081  (SI)    »      »  n         •  Marine  denndation  of  Mew  Bed  Sandstone. 

1901. 

8082    (29)  Shore,  near  Torquay  Station   Step-fault  in  New  Red  Rocks.  1901. 
(80)     n  n  »t  •   Marine  denudation  along  joints  and  be<l< 

ding^planes  in  New  Bed  Hnndstone.  1901. 
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No. 

(37)  Sonth  of  Natural  Aioh,  Coralliferoos  Devonian  Limesiono.  1901* 

Torquay. 

(38)  South  of  Natoxal  Arch,  „  „  „  n 

Torquay. 

(86)  Dttddy  Hole,  Tonqoaj     .  Bavine  due  to  sUppiiigr  of  Devonian  Lime- 
stone. 1901. 

2837   (39)  Near  Natoxal  Arch,  Torquay  (^nuhed  Devonian  Limestone.  1901. 

(45)  Natural  Areb,  Tonjuay     .  Liveited      „  „  m 

(42)  Thunder  Hole,  Tonjuay     .  Natural  Arch.  n 

(43)  Mead  foot  Bay.  Torquay   .  Cleavage  and  Bedding  in  Devonian.  m 

(34)  Hope's  Nose,  Torquay      .  Blocks  at  base  of  Baiaed  BeadL  » 

(44)  n       n        n  •  Contorted  Devoniaa  SlAte  and  Limestone, 

1901. 

i943   (40)  Top  of  north  descent  into  Faulted  and  shattered  rocks.  1901. 
Rustic's  Cove,  Torquay. 

(41)  Top  of  north  descent  into  Crushed  Deronian  Limestone.  » 

Austie's  Cove,  Torquay. 

(82)  North  of  Petit  Tor,  Torq  nay  Rock-fall  from  New  Red  Soodstoae.  h 
C^'^)     ..  „  ■,  •»  It 

(35)  Hound  Tor  Ridge,  near  Cleavage  in  Culm  Grits  and  Slates.  n 
Lnstleigh,  Dartmoor. 

29  48    (46)  Near  Lustleigh,  Dartmoor  Hollows  in  Granite.  n 

8M8  (47)  Near  Foxworthy,  Dartmoor  Weathered  snzfaoe  of  Qianite. 

Down.^Photographed  by  Profenor  S.  H.  BBTVOtDfl,  MJL^  F,G.8^ 

UnivenUy  CoUeffe,  Bri$toL   1/4  and  1/2. 


(49)  Stonebeizow  HUl     .      .  Lower  Lias.  1900. 
MM  (48)  Blaofc  Yen,  from  the  east .  Lower  Lias  capped  by  GanU  and  Upper 

Greensand.  1900. 

DuBHAM. — Photographed  by  A.  BiHHS  and  M.  Dawson,  of  Sunderland, 
and  contributed  by  *D.  WooLACOTT,  the  UhivereUff  ^  Durham  PhXto- 
9opkical  Soeietff.  1/2, 


(18)  Parson's  Rook,  Roker,  near  *C^ianon-baU'  concretions  in 

Sunderland.  Limestone.  1896. 

2863   (21)  Fulwell     Quarries,     near  Concretionary     Magncsian  Limestone. 

Sunderland.  1 898. 

(28)  Fulwell    Qoarriee,    near  Raised  Beaob.  1898. 

Sunderland. 

(23)  Folwell    Quarries,    near  „         detail.  » 

Sunderland. 

(19)  Holey  Rock,  near  Sunder-  Caves  in  Upper  Magnesian  Limestone, 
land.  1898. 

98fiT  (20)  Hendon     Banks,     near  Lower  Boulder  day.  1896. 
Sunderland. 

Essex. — Photographed  by  Horace  W.  Monckton,  F,G.S.,  Harcourt 

Buildingst  Temple,  B.C.    1/1  E. 

8063  (liS37)  Grays  Thurrock     .      .   Pleistocene  Brick-earth.  1901. 

8064  (1688)      ,.„..„  „ 

8068  (1639)  Socket t's  Heath,  north  Flatean  Oisvela.  „ 
of  Little  Thurrock. 

Qumcamau^Photographed  hy  Professor  S.  H.  Rbtkoldb,  MJL,^  F,0,8,f 
Univeniif  CiMtge,  BriefoL   1  /2  and  1/4. 

(68)  Bedlaod,  Bristol     .     .  SmaU  slips  above  einamtloiioii  Hill^lope. 

1900. 


Digitized  by  Google 
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Begd. 
No. 


2962 


2964 


2966 


8970 
8971 
8978 
8978 
8974 


(69)  Bfi«UiigtonCattisg,Erifltot  Kenper  resting  anoooformablj on  i 

Grit. 

(70)  Cliipping  budbury    .      .  Highly  inclined  Upper  Limestone  bhaies. 

1901. 

(83)  B  ail  way  Catting,  Chipiiiog  Lower  Liu,  White  Liai,  and  Bluetlc.  1901. 

Sodbury. 

(84)  lUiil way  Cutting.  Chipping  „  with  thin  Limeatoneft. 
Hodbury. 

(85)  Railway  Catliag,Cbippiiig  „       „  Whita  Lias,  and  Bbstic  «• 

Hodhurr. 

(8G)  Kailway  Cutting,  Chipping  „        „    *Suu-bed,'    Gotham  ilarble 

Sodbury.  Rbastie.  1901. 

(87)  Railway  Catting,  Chifqfiing  Rh.^tic  resting  unconformiUilyoti  Oartmu- 
Sodbury.  ferouR  Limestone.  1901. 

(88)  Lilliput  Cutting,  Chipping  Triaa   resting  uoconformably  on  Upptar 
Sodbary.  Liniestona  Sbalet.  1901. 

(89)  Lillipat  Catting,  Ctiipping  Upper  Limestone  Shales  and  discordant 
bodbury.  Upper  Keuper.  190L 

(82)  South-east  of  Yatc    .      .  Cclestinc  m  WM.  1901. 

(81)        »      „       .      .      .  Blocks  of  CclestineCryitals.  1901. 

(71)  Leckhampton  Quarry, Cots-  Inferior  Oolite.  1901. 
wolds. 

(80)  I^khaiiipt on  Quarry,  Cots-  Current-bedding  in  the  Ophalopoda  Bed. 

wolds.  I'JOl. 

(72)  Leckhampton Qoany, Cots-  *Pea  Grit'  resting  on  Cephalopoda  Bed. 
wolds.  1901. 

(74)  Leckhampton  Quany,  Cots-  Weathered  surface  of  Pea  Ortt.  1901. 
wolds. 

(73)  I^eckhamptonQoanytCots-  Oolitio  Marl  of  Inferior  Oolite.  m 
wolds. 

(79)  Leckhampton  Quarry, Cots-  Ragstone  Series  and  ITpper  Freestones  aft 

wolds.  ba»e.  lUOl. 

(78)  Cleeve  Hill,  Cheltenham  .  CephaIop<^)(la  Bed,  Pea  Grit,  and  Lover 

Freestone.  1901. 

„         .  Current-bedding  in  Cephalopoda  Bed. 


8978 
8979 


(7G) 
(75) 


1901. 

Freshly  broken  snrrace  of  Pea  Grit.  1901. 
Two  small  faults  in  inferior  Oolite.  m 


Vhotograplud  by  C.  U.  Topham,  110  York  Koad,  MonApelitr^ 

BriBtol,  1/4. 


3267 


8269 
3260 
8861 


( 
( 
( 
( 
( 


Aust  Cliff,  R.  Severn 

M  t« 
If  If 


Rhaitic  Stnita.  1901. 
Fault  in  Rhntic  Books.  w 

Keuper.  « 
Ctypsuui.  anri  weathering  of  Kcuper.  M 
(j^psum  in  Kcuper.  „ 


liAiiPSHittE  (LsLK  OF  ^ u.wv).— Photographed  by  W.  J.  Uaubisok, /'.Cr.^., 

o'l  Claremont  liond^  NancUuvrth,    I J  2. 


2980  ( 

2881  ( 

8868  ( 

2983  ( 

2884  ( 

2986  ( 
8986  ( 

2987  ( 
8988  ( 

( 


)  Alum  Bay 

) 
) 

)  Pceshwater 

) 

)     "  ^  B*y 

)  Compum  Bur  . 
)  Bladcgang  Cnine 

) 

)  Nitou 


Chalk  and  Eocene  BoiU.  1902. 
Koccue  bands.  1902. 

Chalk  and  Flints.**  1909. 

Chalk.  1902. 
Wealden  Beds.  1902. 
Lower  Gieensand.  1902. 

Upper  (jireunsand,  cherty.  1902. 


^    .i^cd  by  Googl 
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No. 


2901  ( 

8992  ( 

9998  ( 

2994  ( 

2996  ( 
2986 


C  ) 


)  Niton  Undwoliff  . 
)  Lncoombe  Chioe 

)  N.  ofShftnklin 

)  Stair  Point,  nr.  SbanUiii 
)  &  of  SandowD . 


Upper  Qreeniand,  chorty.  1903. 
Lower  Graenmid.  1902. 


WealdenBoda.  1902. 


» 


Knrr. — Photograpfied  hy  Horace  W.  Moncktok,  F.G^.^  Ifareourt 
BuUdingt,  TetnpU,  E.G.   1  /4  and  1  /I  S, 


(1570)  Bailmiy  Catting,  Orptng.  Woolirich  Bods.  1901. 

ton. 

2998   (1568)  S.£.  Railwnj,  between  „  „ 

Cniitlolitml  and  Orpington. 
(IBTl)  H  H 


PhofcHjraphed  hy  E.  Pierce,  Balfour  Road^  South  JVurtrood,  and  sent 
through  the  Croydon  Scientific  and  Nutttral  J/Ufory  Society.    1  /2. 

8000  (7)  £lmsmead«  Sapdridge  Park,   liliickbeatb  or  Oldhaven  Beds.  1901. 
near  Chielehiirtt 

<8) 


M 


If 


I* 


Fhoiograph^d  by  3.11  Baldock,  St.  LeonmxVs  Road,  Croydon,  and  (tent 
through  the  Croydon  Scimtijic  and  Natural  History  Society.    1  /2. 

(9)  Elmsmead,  Sundridge  Park.   Blaokbeath  or  Oldhaven  Beds.  1901. 

near  Chislehorfit. 
(10) 


iMXCJOmmL^Phoiographed  hy  *R.  WelcH|  LomdaU  Sireei, 

Belfast.  1/1. 

(R.  W.    )  The  Owcn^;  College  Block  of  Lake  District  Andeelte  dag  np  In 
Bonlder.  Manchester.  Oxford  fioad.  1902. 


Leicbstershibe — Pliotographed  by  W.  J.  Harrison,  F.G.S., 
62  Clorenumt  Road^  HanAworth^  Birmingham,  1/3. 


3004  ( 


8005  ( 

3006  ( 
8007  ( 


8008 


( 
( 


8010  ( 

3011  ( 

80I9  ( 

3013  ( 

aoi«  ( 


( 


)  Chnrch  Quarry,  Wood-  Brand  Conglomerate,  '  Little  Slate,'  and 
hooee   Eavee,    Cbamwood     'Traohoee  Grit.'  1902. 

Forest. 

)  Looking  S.  from  Wood-  Triassic  mantle  over  Archaean  Uocks.  1908. 
house  WiDdmiU. 

Woodhouse  Beds.  1002. 
Lower  Woodhoose  Beds.  1902. 


)  Woodhoofe  Windmill 
)  Hanpin^  Bocks,  Wood 
boose  Eaves. 

)  H  It 

n  »» 


Woodhoose  Homstones.  1002. 
Woodhoose  Beds,  above  Slate-agglomorate. 

11»02. 

Slatc  ngglomerate  and  Bede  above  it. 

1002. 

Jointing  of  Woodhouse  Homstones.  1902. 
Bandea  Woodhoose  Horastones.  1902. 

Lowrr  Wncvihousp  Hnriistones.  1902. 
)  Beacon  Hill,  W.  end,  look-   Beacon  Hill  Homstones.  1902. 
ing  N. 

)  Beacon  Hill,  centre  of         „  „  ^ 

ridge,  looking  8. 


) 

) 

) 
) 

) 


ft 


ff 

»» 


ff 
»f 


Digitized  by  Google 


2a8 


BEFOBT^1902. 


Begd. 
So, 


aoi7 

3018 

aoi9 
aoao 

SOfti 

8022 

8023 
302« 
8025 

3026 
3027 
8028 


(    )  Beacon  HUl,  lodklnip  B. 

along  top. 
(     )  Beacon  Hill,  centre  of 

ridge  lootdng  8. 
(     )  Beacon  Hill     .      •  • 
)  Broombriggs  . 

)  Altar  Stones,  Maridleld  . 


) 


)  Rice  Uocki,  near  Bardon 

(  ) 

(  ) 

(  ) 

(  )  Waxren  UUls  (W.)  . 

(     )  . 

(     )  .  < 

(    )  Feldar  Tor,  netr  Ooal- 

villa. 


Beaoon  Hill  HbtniiODefc  1908. 


Looking  towards  BroombriggA.  IMS. 
Beacon  Hill  Homatones.  1902. 

ft  t«  t> 

Beda  near  Slate-agglomerate.  1908. 

Slate-agglomerate.  1902, 

Woodhoose  Beds.  1902. 


n 
ft 


tt 
«f 


Airplomcrates.  ,, 
Slatc-aggluuierate  and  Hornstones.  1902. 

Glea?ed  •  FmpbTToid.'  1902. 


Phdographed  hy  A.  K  CoomAraswamy,  B.Sc.^  Waldenf 

WwpU$dfm,  GuUd/ard.  1/4. 

8081   (    )  Hanging  Bocka,  Wood-  Trias  mantling  the  featores  of  the  aneicnt 

hou.se  Eaves.  rocks.  1902. 
8088  (    )  Cbamwood  Lodge  Drive.  Agglomerate  at  right  angles  to  oleamge. 
  1902. 

8088  C     )                            n  Agglomerate  parallel  to  cleavage.  190S. 

3034    (     )  High  Sharploy.       .       .  Cleaved  Porphyroid.  1W2 

8036   (    )  MouQtfiorrel  Quarry .      .  Keuper  Marl  resting  ou  roanded  granite 

surface.  1902. 

8086  (    )        t»          M  Tenraoed  granite  QoderKenpar  Mad.  IMl 


Phoioffraplud  by  P.  H.  L£yi,  The  Drifold,  Sution  Cal4field.    7/  2. 

3037   (     )  Ohamwood  Lodge  Drire.  Ch-avcd  Agglomerate.  1902. 

8088    (     )        „  .1  Agglomerate.  1U02. 

3039   (     )  High  Sbarpley .      .      .  Cleaved '  Porphyroid.'  1902. 

8040  (     )  Moontsonel  Qnany.      .  Teriaeed  granite  under  Keoper  Mad.  IW, 

8048  (     )  Swithland  Keaer?oir,  Bud-  Granite  boss.  1902.'  ** 
don  Wood. 


Leicester. — Photographed  by  *P.  W.  WRiraiT,  Quoruy  and  presented  by 

Dr.  MKAD0W8,  IV6  Landoti  Bond,  LciceAt^'.r.  1/2. 

8043  (     )  Mount^rrel  Quarry .      .   lerxaced  Granite  under  Keup«.  r  Marl.  190i. 

8044  ) 


Photoffraphed  by  G.  Hodboh,  Loughborough.  10/8. 

8040  (     )  riackbfook,  near  Shop-  Foundations  of  Masonzy  Dam,  looking  W. 

shed  1902. 

8046   (     )  Blackbrook,  near  8hep-  Foundations  of  Masonry  Dam«  looking  W- 

shed.  1902. 

8017  (    )  Blackbrook,  near  Shop-  Foundations  of  Masonry  Dam,  looldi^  I. 

shed.  1902. 

3048   (     )  Blackbroolc,  near  Sbep>  Foundations  of  Masonry  Dam,  looking  £. 

shed.  1908. 


^  J  .i^cd  by  Google 
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MiDDLBSBX. — Photographed  by  Ho?{ ace  W.  Monckton, 
Harcourt  BuUdOngt,  Tem^^  £.C.    1/1  £. 

No. 

8049  im2)  Tottenham  Mftrsb,  near  Stratiaed  Valley  Qrayel  aod  Sand.  1801. 
Higham  Hfll. 

mo  (1528)  Tottenham  Ifanh.  nfltt  AUaTiomof  BiverLeA.  1901. 

Higham  Hill. 

3061    (1530)  Tottenham  Marsh,  near         „  „  „ 

Higham  Hill. 

9068  (15.31)  Tuttonham  Manb,  near  Stntifled  aUayiom  with  shaU-xnari  1901. 

Uigbam  Hill. 

Shropshire. — PhotograpM  hj/  w.  o.  Fe.vrn.sides,  Ail.,  F»0,S,t 

Sidney  Sussex  Colleye^  Catnbridge.  1/4. 

3071  (9)  MyttonDingle.btiperStones.  Lower  Arenip  Rocks.  1902. 

3072  (4)  Shelve  Church    .       .       .  Fossiliferous  Lower  Arenig  Beds.  1902. 

3073  (7)  Ta.«gar  Qaany,  near  Shelve.  Fossiliferous  Upper  Arenig  Aahes.  „ 
8074  (1}  Meadowtowo»newMineter-  Llandeilo  Beda  with  (S^pa.  1902. 

ley. 

aOT6  (3)  Between    Cbirhiiiy    and  Hagley  (Bala)  Aah,  with  •ripplemarka.* 

Priest  west  on.  1902. 

8076  (13)  Shineton  Brook.      .      .   Fossilifcroos  Tremadoc  Bocks.  1902. 

8077  (10)  Carding  Hill  Glen*  Ohoroh  Longmyndlan  Valley.  1903. 

otiecMin. 

SoMEBSBT. — PJioiograpIted  by  Professor  S.  H.  Keynolds,  M.A.,  F.G.S., 
[  UiwotnUy  CoUeye^  Bristol,    1/4  and  1/2. 

Ripple-mariu  in  Old  Bed  Sandstone.  1899. 

Thin-bedded  Old  Bed  Sandstone.  „ 

InflHiog  in  Carboniferous  Limestone.  190O. 
Unconfonnity,   Inferior  Oolite  on  Car- 
boniferous LiiuestoDe.  1900. 
UnooQfomiity,  Inferior  Oolite  on  Oar- 

boniferons  Limestone.  1900. 
Unconformity,  Inferior  Oolite  on  Car* 
boniferons  Limestone.  1900. 

Unconformity,   Inferior  Oolite  on  Car- 
boniferous Limestone.  1900. 
liaised  Beach  on  Carboniferous  Rocks.  1901, 

Flow  of  Basalt  overlain  by  Carboniferoos 

Limestone.  1901. 
Lava  resting  on  Carboniferoas  Limestone. 

1901. 

Carboniferoos  Limestone  and  associated 

Tolotnio  Bocks  1900. 
Galdte  veining  Carboniferous  lava     1 900, 
Bemains  of  Raised  Beach  adhering  to  cliff 

of  Carboniferous  Limestone.  1900. 
Cavitiee  in  Carboniferous  Limestone  filled 

with  cave-earth.  1901. 
Cavities  in  Carboniferous  Limestone  filled 

with  cave-earth.  1901. 
Cavities  in  Carboniferous  Limestone  filled 

with  cave-eartb.  1901, 
Cavities  in  Carbontfteons  I4mertone  filled 

with  cave-earth.   1 90 1 . 
Gavitie.s  in  Carlvmiferons  LimeitolM  fiUed 
with  cave-eartii.  1901. 


8078  (50)  Below  Beach  Hotel,  Fortis- 

bead. 

8079 J  (5 1 )  Be  low  Beach  Hotel,  Portis- 

bead. 

8080  (A2)  VaUisYate^Frome  . 

(68)        »t  ti       •  • 


(54)         »  H       .  . 

8088  (56)        n         w      •  • 

(60)         „  „      •  . 

(57)  SpringlCovc,  Weston-super- 
Hare. 

(68)  Spring  Cove,  Weston-enper^ 

Mare. 

(59)  Spring  Cove, Weston-iuper- 

Mare. 

(60)  Middle  Hope  or  Woodspring. 
3089  (61) 

8090  (62)        „  H 
aOM  (63)  UpbinQnaa7,nenrWeeton. 

(6*) 
(66) 

3094    (G6)  „  o 

(67)        „  H 
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Somerset. — Photoffraphed  hy  0,  H.  Tophau,  110  York  lioad, 

MwipaieTj  Srtitol.   1  /4. 

No. 

3263   (     )  Bnrrington  Combe,  ^en>   Carboniferous  Limeatoue  Valley.  1902. 


BrtAVFOKDBniKE.'^PkoiOffraph^d  hy  Q.  T.  ATCHI805,  B,A,t  LL»B,^ 
Holmtoood^  SuUon  CMfidd.    1  /2. 

(2n)  Uints,  nearTamworth     •  Fal8e-beddiiiginBQ]iterPebUc.bQd«.  190:*. 

(27^      •«  t»  n  n  u  n 


SVFTOLK,^ Pfiotographed  by  W.  J.  HiiRRisoiT,  F,G.S.^  52  Claremont 
Jioadf  ffandiworthi  Birminyham.  1/2. 


8086 

( 

)mefiold. 

.  Westleton  Beds.  1902. 

3057 

( 

) 

i»      •  • 

3068 

( 

) 

t'       •  • 

Mid-Glacial  Lonms  and  Sands.  190S. 

8069 

( 

) 

»»  • 

„       Sands.  1902. 

8080 

( 

) 

3061 

( 

) 

»t      •  • 

•            •                     M                   ft  tl 

3062 

( 

) 

3063 

( 

)  Kcs^ingland  . 

•            •                     »»                   »l                  »t  . 

3084 

( 

) 

«* 

.  Chalky  Bonlder-elay  above  Mid-Gladil 

Sands  11)02. 

3066 

( 

)  Corton 

.       .    Sun-cracks  on  Bonldcr  clav.  1902. 

3066 

( 

) 

SUBBBT. — PhotogrnpJud  by  J.  H.  Baldock,  St.  Lemar^B  Jtoad^ 

Croydon,    I  /2. 

8067   (     )  RailwAj  Catting,  Thorn-   Broded  miTfaoe  of  Oldhnven  Beds  covered 
ton  Hoath.  by  London  olay.  MK)'2. 

(     )  Railway  Cutting,  Thoiii>   Eroded  surface  of  Oldliaven  Beds  oovend 
ton  Heath.  by  Lond  )ii  clny.  1U02. 

Photograpyd  hy  Horace  W.  Monckton,  F.G'.S.,  Harcourt 
BfiUdtngg,  Tempi*',  E.C,  1/4. 

(223)  Pite  near  C  aterham  Water-    Oldliaven  Tebble  Beds.  1894. 
works. 

8070  (220)  Pits  near  Caterham  Water.        ^  m  » 

works. 


ViARWicKsniRE.— Photographed  A//  A.  K.  Coomaraswamv, 
B.Sc,  FM.S.y  Wnlden,  Worpleadou,  (,'uild/ord.  1/4. 

(     )   Tuttic    Uill    Quarries,   Cambrian  Quartzite  and  Camptonito  SUls. 
Nuneaton.  1U02. 


Wkhtkoblahd. — PhotograpJied  hy  QoDPBBr  BiNOLBT,  Thomidmrti^ 

ffeadinyley,  Lud;    1  /2. 

3007   (n(;21)  Dunmail  Raise     .      .   Moraines.  1901. 

3098  (5667)  Gra.sniere  .      .  Delta. 

3099  ('1.581)  niindtarnMoss.(JraRmoro. 

8100  (0582)  Eaadale  from  near  foot   Baclie  numtonnfe,  1901. 

of  Tam. 

8101  (6686)  BasdaleTkni,  near  Oiaa.  Bonlder  and  Moraines.  1901. 

mere. 


^  J  .i^cd  by  Google 
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No. 

810a  (5586)  Eaadalo  Taro,  noar  Gras.   lIomine».  1901. 


8108  (Sm)  EMdideTarD^BawGns-  Delta.  „ 

mere. 

MM  (5590)  Easdale  Tani,  near  Gnu-   Moraints  ai  fool  of  Tarn.  1901. 


Si06  (6657)  QieealMni  Bottom,  near  Moialiiea.  1901. 

Graamere. 

3106  (565ti)  Greeabom  iiottom,  near  n 


9Un  (66fi9)  Oreenbon  Bottom*  near        „  h 

Grasmore. 

3108  (5060)  Greeaborn  Bottom,  near        «  n 

GiaamflM. 

3109  (5573)  Rydal  Water  .      .      .  Delta. 

3110  (5617)  View  from  Fairfield      .  Orasiuerf^, El ter  Water,  and  Coniston.  1901, 

3111  (o<n6)  From  yairfield      .      .  Uydal  and  Windermere.  1901. 

8U9  (5599)  Griaedale  Tvn  .  St.  Sonday  Ong  and  UUeawater.  1901. 

WowMmBBBnoL^PkatagrapM  by  W.  J.  Habbuov,  F,G.8»9 
53  dmremoni  Road,  JJoiidNOorM,  Binmngham,   1  /3. 


8113  (     )  The  Lickej  Uille,  from  Ounbifaa  Quartiite.  1909. 

Rubery  Hill. 

8114  (     )  The  Lickey  Hills     .      .  Manganese  in  Quartzite.  1900. 
3116  (     )  Hubcry  HiU,  The  Lickejr .  Fault  in  QuarUite.  1902. 

8116  (     )  Rubery    ....  Jonotton  of  Cambrian  Qnartslle  with 

Llandovery  Sandstone.  190S. 

8117  (     )  BeaooD  HiU,  Tbo  Liokey  .  Permian  Bieooia.  1902. 

8118  (     )  M  n  tff  N  »• 

t 

Photographed  by  •Norman  Kino,  Malvern,  and  presented  by 
A.  K.  CoomAraswAmy,  B.Sc,  F.C.S.  14/10. 

8118  (     )  Looking  f^outb  from  Wor-   Malvemian  luimnite  in  cloud, 
cester  Beacon. 


TOBXSaiBE. — PlwtographeA  by  HoRACE  W.  MONCKTON,  F,G,S,, 

IIarc(/urt  BKildinys^  Temple^  B.C.  1/4. 

StaO   (H90)  Cliff  soath  of  Filey       .  Twisted  and  slipped  Boulderndaj.  1900. 

3181   (1550)  Osgodby  Nab  and  Car-  Nab,  and  landslip.  1901. 

nelian  Bay,  Scarborough. 

8188  (1552)  Osgodby  Nab  and  Gar.  LaodiUp,  from  Nab.  ^ 

nelian  Bay,  Scart>orough. 

8188  (1553)  Osgodby  Nab  and  Cte»        „      Boulder-clay.  1901. 

neUan  Bey,  Soarbowwigh. 

Pkotoaraphed  by  QmwBXf  Binglet,  Tliomiekwnt^  Headinf^^  Le§d$ 

1/2  and  1/4. 

SlSi  (5857)  The  Peak  .    Estuarine  Beds,  Dogger,  and  Lias.  1909. 

8186  (6903)  Blea  Wyka  Point,  Peak .  Estaarinc  Beds,  Dogger,  and  Blea  Wyko 

Beds.  1902. 

8186  (5899)  The  Peak,  N.  fkom  Beaeh  Lower  Xetnaiine  Beds  and  Dogger.  1902. 
8iaff  (6901)      ,.      looking  towards      „  „         ,»    Dogger,   and  Blea 

Robin  Hood's  Bay.  Wyke  Beds.  1902. 

3128  (5^58)  The  Peak,  on  the  line  of   Upper  Lias  thrown  against  Dogger  and 

lialtk  Bstaatlna  Beds.  19M, 

8189  r5S97)ThhPtafcU]idiBdiff   ;  Lower  Bstnarino  Beties.  1909. 
190».  8 
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8180 


8189 

8188 
8134 
8136 
8188 
8187 


8189 

8140 
8141 


8148 


8147 


8160 
8161 

8162 
8168 


3166 
8156 
3157 
8168 


(5882)  Cliffs  neax  Coastguard 
Station.  Whitby. 

(5796)  From  Cliffs  near  Whitby 
Abbey  to  iSaltwick  Kab. 

(5797)  BaHfHokNabudWUtby 

(6798)  Black  Nab,  Saltwiok  . 
(5800) 

(5801)  Saltwiok. 

(5802)  ..  ... 
(5863)  Sandseud  Mess  towards 

Whltbf. 
(58G4)  Cliffy  S.  of  KetflaBeM, 

northwards. 
(6865)  ClifEs  8.  of  KettleneM, 

soutti  wards. 

(6867)  Kettleness 

(6868)  Cliffs  near  Runswiok  . 
(5877)  StidtbM  Nab,  or  Ool- 

borne  Nab. 
(6879)  Old  Nab,  Btaithes  . 

(5815)  Moon  beiiroau  Ooatli. 
land  and  Egton  Bridge. 

(5813)  Moon  between  Goatb. 

land  and  Bgton  Bridge. 
(6815)  Scar  Wood,  near  Goath. 

land. 

(5816)  Scar  Wood,  near  Ooath- 
land. 

(6819)  Moors  between  Goath* 

land  and  Bgton  Bridge. 
(5822)  Moon  between  Goath- 

land  and  Egton  Bridge. 
(5820)  Moors  between  Goath- 

land  and  Egton  Bridge. 
(6823)  Moors  between  Qoath^ 

land  and  Egton  Bridge. 
(5826)  floors  between  Goath- 

land  and  Egton  Bridge. 
(6827)  Moors  between  Goath* 

land  and  Egton  Bridge. 

(5828)  Moon  between  Ooath- 
land  and  Egton  Bridi^e. 

(5829)  Moors,  North  of  Danbj  , 
(5830) 
(5832) 
(5838) 


Boulder-olay  banked  against  Estutfias 

Sandstone.  1902. 
Uppur  Lias  capped  by  Dogferand  Boolda^ 

clay.  1902. 
Upper  Llae  and  Dogger  capped  by  Boulder^ 

clay.  liKtt. 
Upper  Lias  and  Dogger.  1902. 


Upper  Lias  Shale. 
Oolite  and  Upper  liaa. 


Old  alum  workings. 
Middle  Lias  biiaies. 


n 


resting  on  Lower  Lias.  1908* 


Upper  Lias.  190t. 

Notehes  of  Mmb  Swang  Oferflow  and 

Castle  Ripg  Oxbow.  1902. 
Gorge  of  Wheeldale  Beck  (Mark  Eak), 
1902. 

Wheeldale  Book  (Mailt  Sale).  1902. 


Bandaj  Mare  Oveiflow.  1902* 


(* 


8188  (6984) 


8181 

8188 

3163 
3164 
8166 


(5835)       „  „ 

(5S3G)  Lealholme,  near  Oanby . 

(5810)  l!>lingdale  Moon  • 


cr.8-}i) 

(5842) 
(6843) 


Piuae  Moor  Slack,  near  Intake.  1902 

Moss  Swang,  lo<*king  to  Intake  tea 

Castlo  Hill.  i;>02. 
Moss  Swang,  looking  up  towards  Intake. 
1902. 

Intake  of  Castle  Hill  Osbow  fion  Moss 

Swang.  1902. 
Most  Swang,  downstream  fhnn  near  bitako, 

1002. 

ISwe  Cragg  Beck.  1902. 

„         npstream.  1902. 

„         downstream.  „ 
Intake  of  Ewe  Cragg  Slack  at  swampj 

watershed.  1902. 
Hardale  Slaok,  Boitby  Moor,  downstream. 

1902. 

Hardale  Slaok,  withdeserted  Oxbow.  1902. 
Omnkley  Gorge,  a  diversion  of  the  Edc  bj 

Moraine  Itidu-es.  1902. 
Intake  of  great  Overflow  Channel  near 

Foul  Sike.  1902. 
Fool  Bike  Channel,  downstream.  1902. 

*•  ..       upstrpam.  ,, 

Biller  Howe  Dale,  Overtlow  of  Iborndale 

Lake,  upstream.  1902. 
Biller  Howe  Dale,  across  TntakO  €f  MUdl 

BiUer  Uowe  Slack.  1902. 
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3167   (584o)  Fyliogdale  Moors  ,      .   Biller  Uowo  Dalp,  below  conflaeuce  with 

Fonl  Sike  VaUey.  1902. 
8168  (6817)      „  n      •     •  Brown  Rigg,  deBsrtad  H|gh-levttl  OhaniMl. 

1902, 

8188  (6849)      „  „     .      •  Cloiigr1itoiilfoorCottage,0ved|ow0b«iiM]| 

1902. 

8^70  (68o0)  Uarwood  ifoor,  Fjrliag-   i'eat  Catting.   1903. , 
dale  Moors. 

8171   (5851)         „  M  .  ..  H 

8178  (6852)  Seamer    Moort    Boar*  Mankine,  „ 

boroogb. 

8178  (S858)  Hagwonn  BOIl,  Seamer  n 

Moor. 

8174  (5854)  Forge  Yallej,  near  Soar*  Difersion  of  Eiver  Derwent. 
btntragh. 

8178  (5855)  Throxenbj  Mem,  nov  Partially  artlllolal  pool  in 0?erflowGluiiuM3« 

ScarWough.  *  1902. 

8176  (5856)  North  of  Throxenby  Mere   Small  dry  Overflow  Channel.  1903. 
8860  (W66)  Gannister  Quarry,  Mean-  FohSI  TMe  in  Ooal^aiflaaima. 

wood  Valley,  Leeds. 
3251    (6057)  GaanisterQaanry.Mean*   Koots  ia  Coal«xneasure8.  1902. 

wood  Yallay,  Leedi* 

8868  (6058)  GannisterQaarrf,  Mean*  (tanniitaTf  showing  Foaril  Fani.  1908. 

wood  Vftllev  LeedAa 

8868  (5924)  WMadUU,  near  Battle  *  Perobed  Bwdder  (SUarian)  on  Oarbo. 

niferoos  Limestone.  1902. 
8864   (59S6)       „  «  Perched  Boulder  (Silurian)    on  Oarbot 

niferoos  Limestone.  1902. 
8188  (5907)  *  Beading/ OarfetthOol*  Magneelan  Limestone  and  'QuiokiBiid* 
lieiy  Sandpit.  resting  nnconfouaably  on  Ooal-meunra 

Shales.  1902. 

8188  (6906)  Oarfortb,  near  Leeds    ,  Magnesfaua  Umestone  resting  on  *Qaick«' 

sand.'  1902. 

8184   (5910)  Hope  Hill  Quarry 4Cippax   Lower  Magnesian  Limestone.  1908. 

8186  (5911)  Town  HIU  Close,  Kippax  Magnetian  Limestone  resting  on  ourient^ 

bodded  Sands.  1902. 
8188   (5912)       N         n       M        Lower  Magnosian  Limestone,  with  orack 

subsoil.  1902. 

8187  (6924)  Qnany  near  Ssstott  and  Msgnesian  Limestone.  1908. 

Barkston. 

8188  (5925)  Quarry  near  baxtonand  ,| 

Barkston. 

8188  (6786)  A(:htieH     BrifliEWOrlM,   Lower    Permian   Marls  OQIltOlted  and 

Conisborough.  faulted.  1901. 

8190   (6786)  Ashfleld     Brickworks,  Lower  Magnesian  Limestone  Esoarpment 

Conisborough.  1 901 . 

8181    (6787)  Ashfield      Brickworks,   Lower  Mapnesian  Limestone,  Clays,  Marls, 
Conisborough.  and  Sandy  Limestone  resting  on  Coal- 

measures.  1901. 

818B  (6788)  Near  (3onistaonmgh      •  Weathered  Block  of  Magnesian  Limestone. 

1901. 

8188  (5789)  .  Ridge  of  weathered  Magnesian  Limestone* 

1901. 

8181  (5791)  Warmsworth,  near  Don-   Lower  Magnesian  Limestone.  1901. 

caster. 

3195  C'TDL')  Balby, near Donoaster  .  Bnnter Sands.  1901. 

3196  (5793)  „   False  Bedding.  1901. 

3197  (5568)  Rishworth  Moor,  lilack-   Peat,  about  4  feet  thick.  1901. 

stone  Bdgd. 


B8 
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FkoioffrapM  hjf  W.  J.  Foqbsst,  13  Arlington  Street,  Bradford    1  /4. 

No. 

aiM  (    )  areeoZ4in»Sobo{>]a,Bia4«  HVMUt  in 'Better  Bed' CoaI.  im. 


3188  ( 


ford. 
) 


•« 


fhUographed  by  A.  H.  RoBimov,  frouttdaie^  Eaeknen,  Seaihy,    1  /2. 

8177  (     )  LocktoQ,  North  KidinK  .   The  Dhdeetones.  1902. 

8178  (  )  ^ 
8178   (     )  H 

8180  (  ) 

8181  (  ) 


tf 
•t 


t> 
n 
i» 

It 


ti 
f« 


Fhotogrofhed  hy  C.  J.  Wat80H,  BaUvUU  Eoad^  Acoek$  Grem,   \  /4 

8264  (1642)  Lister  McBndfocd  .  Ctatfboniferoas  Tree  aod  Boots.  1900L 

8865   (1644)  Clayton.  Bradford  .       .   Stiginaria /rt  «7m.  1900. 
8868  (1646}  Hortou  Park,  Bradford .  Garbouiferoas  Tree-rooU.  1900. 

WALES. 

Glamoboan. — PJiotographe.d  by  A.  K.  CoomXraswamy,  B,Sc,,  F,G,S, 

Waldetif  WorplcadoUj  (Juild/ord.  1/4. 


8800 


8808 

8803 


3206 


8807 


8811 


3213 

a8i« 


8818 
8817 


3219 


3221 


J 


it  M 

Mumbles  Hill  . 
Mewslade  Baj,  Gower 


strike.  1902. 
Gsrboiiiftooiii  Limastooe;  '1908. 

n  „       steep    dip  snd 


Near  Bisbopston,  CK>wer  .   Dry  Valley  and  S«rallow*hole  in  Carbonic 

feroas  Limestone.  1902. 
H  •>  M      *  Daw.pit '  or  Swallow-hole  In  Guboai* 

ferous  IJmestonp.  1902. 
Toit  Hill,  from  Mnmbles  Carboniferous  Limestone,  witb  *>**««g*^ 
'Head,  Qower. 

Mnmbles  Head,  Gower  . 

WestBnd  ^ 

nodular  miBsew.  1902. 
Lentlcle  of  Shale  In  OaibonifiBrons  Line. 

stone.  1902. 
Fossiliferoua   Garbonifeioos  Tilmsetons. 

1902L 

*Head*  orer  (Blown  sand)  Loam,  Baind 
Beach,  and  Ovbootferons  Titmastana 

1902. 

Carboniferous  Limestone  Cliffs.  1902. 


n 


n 


ft 


»» 


Bacon  Hole,  Gower . 
„       M  looking  in 

I*  l»  M 


Carboniferous  Limestone,  Rhosilly  Down 

(Old  Red  Sandstone)  behind.  11K)2. 
Carboniferous  Limestone  Cliffs.  1902. 
•Head'atmootbof  Cave.  1908. 


out 


Boof  of  Cave,SuUsgmite,and  'Head*  bek>« 

it.  1902. 

B.  of  Pwll  Dn  Bay,  Oowar  Baised  Beaoli  with  Shells  en  Ositonitanas 

Limestone.  1902. 
M  M  tt      Bai.sed  Beach  with  Shells  on  Carbonifsroas 

Limestone.  1902. 
KearPenardCtetleiGower  Old  Bed  Gonglomemte.  1908. 
Penard  Pill,  Three  diff  Thrust-fault  in  Carbonifenwia  Limestone. 
Bay.  Gower.  J1K>2 

Approach  to  Three  Cliff    Fault-arch.  1902. 

B»7'  ..  . 

Thiee  CUfl  Bay*  Gower  .  Raised  Beach  Platform,  \vitk  *Head'  and 

Raised  Heach.  Iinj2. 
Angular  '  Head '  on  Rallied  Beach  Fiatform. 
1908. 
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Pkoktgroplied  hy  Professor  S.  H.  Reynolds,  MJi^  F»OJS,$ 
UnivertU^  CoUmn^  MrukA,   1  /4. 

Begd 

8222  ri)  PenarthHmid  .  Bands  of  Oypsmn  in  Krapar.  1901. 

3223   C'i)      M       ff       «      •      •         n         M  t«  ti 

829C  (3)  Between PenaithftiidLkTer-  Loirer  LIm  to  Tea-gr^n  Marls.  1901. 

nock  Point. 

8226  (4)  HetweenPenarthaodLaTW-  Lower  Lias  to  Tei^gfMn  lUila.  1931. 

nock  Point. 

8888  (S)  Between  PenaitbaadLaYei^  Faali  in  TMai.  1901. 

nock  Point. 

3227   (6)  Lavoraock  Point.      .      .   Lower  Liaa  and  Rbastic  Shale.  1901. 

ILmaxmsBY.-^Photogrofhed  hy  W.  O.  Fearnbides,  B,A»f  FjQ,Sn 
SidiKff  Sutem  CoUeg0f  Cambridge,  1/4, 

(fi)  OomdoD,  ik«m  Kanh  Fool  •  LooooUte  of  Doleiito»  1902. 


SCOTLAND. 

BAKmuiBl. — rikUographed  by  A.  S.  Reid,  M.A.,  F,G.S,t  Trinity  ColUge, 

G'leiialmondy  Perthshire.    1  /2. 


(T.R.H)  Fiddes  Fort,  Troup  Joints  in  Old  fied  Sandatooe  ConglomentO. 

Estate.  ■  1900. 

(T.K.  55)  CttllicanBflioli,FiddM  Joints  in  Old  Red  Sandstone OoogloMate. 

Fort,  Troop.  C]of>o  view.  inoo. 

8241    (T.K.  56)       „         „        ,t  !Samc  joint  as  3240,  looking  out  to  sea. 

1900. 

(T.K.  57)  *  Devil'fl     Kitchen,*  W.  side  of  joint  cave  pitroed  thnragll  pVO* 
Fiddes   Fort,   Promontory,      montorjr.  1900. 
Trwp, 

(T.R.  I)   NeeHe  s  £je.'Flddos  Interior  of  8243.  1900. 

Fort,  Promontory. 

(T.B.  21)  *  Helps  Lam,  Troup  .  Blow-hole  broken  in  along  master- joints. 

IBOO. 

3216  (T.R.  S3)  Qardenstown    .     .  PromoDtoij  oat  off  to  form  stack.  1900. 

Lanabkshibk. — Photographed  by  C.  J.  Watson,  BottviUe  Moadt  Acoeks 

GreeUf  Mirmingham,  1/4. 

3230   (1695)  Partick  ....    Fos.sil  Tree  in  Co.il-mcaaures.  1901. 
8231   (1696)      ,  Call-measure  Forest.  1901. 

Phototjraphed  by  J.  Barrowman,  Stajieacre,  Hamilton,  N.B.  1/2. 

3232  (     )  Chatelherault  Park,  near  Bedding  and  dislocation  in  Sands  above 

Hamilton.  the  (Sial-Bieesiires.  1909. 

8888  (    )  Chatoiheianlt  Faiii,  near  Bedding  and  aislucat ion  in  Sands  abote 

Hamilton.  the  ^>al-measures.  1803. 

VvATmiimn  -  Photographed  by  A.  8.  Reid,  .V.A.^  F,G.S., 
Trinity  College^  Glenahnond,  Prrih.     \  1'2. 

3248  (A.F.  4)  Runnagoor,  Aberfoyle.   Jloche  moutonnii\  1902. 

3249  (A.f*.  15)       „  n  »  u  n 
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Thames  JHUon,  5/4. 

No. 

8234  (  )  Nonp  of  Nosji  .  .  .Old  Red  Sandstone.  1898. 
828A   (     ^     »»         II     ...     ,1  I,  ft 


IRELAND* 

1/2. 


(6.A.  20)  Ticveragh  Hill.  Codi-  Tertiaiy  Volcwlo  •  Neek.*  1901. 

endall  (di.^tant  view). 
(O.A.  V>)  Tieveragh  Uill,  Cush-        „  ^  „  „ 

en%ll  (near  view). 

3888  (a.A.  ^  Portraib    •     •     .  S^gng^OoaTeiiw  in  a  DolmiteaUl.  1901. 

PJiOtograplMhy  Miss  M.  K.  Andrews,  12  College  Gardentt 

Belfast.  1/4. 

8967   (71)  Whitewell  Quarry,  Belfast   Chalk  traversed  by  Basalt  Dyke*  1901 

Phoiographfid  hy  'R.  WsLOtf,  LontMe  Sitset,  Bel/aet,    1 /l. 

3868   (R.W.  386B)   Oobbins     Cliffs,    *  Man-o*-War '  Sea  Stack,  resulting  from 
Islandmagce.  weathering  of  dyke.  1909. 

(R.W.  3H6)    Gobbine    Cliffs,  Baodt.  1908. 

^   Ii<landmagee. 

SiTO  (RM.  6166)  Cbbbliu    GUfh,  Baaalt-flows,  hi^y  retknkii  la  tippet 

iFlandniagee.  part-  1002. 

3871   (B.W.    5168)  Qobbins   Cliffs,   Honeycombing  in  amygdaloidal  basalt. 

Ialaiidmagc&  im. 
89T9  (RW.  6218)  Clotlgluui  Pdut  •  Balsed  Beach,  gentnl  diasMter  at  hlgfaeit 

point.  1902. 

8273   (R.W.  521?)       „  „      .    Raised  Beach  on  tilted  Trias.  1002. 

3274    (H.W.  52ir,)       „  „  ,.         „   near  view  „ 

8878  (&.W.  £219)  Cloaghan  Hajrboar   aialk  covered  with  Consolidated  Oiavels 

and  Boulder-clay.  1902. 
Mra  (R.W.  6206)  Falls  Road,  BeUast  Trias  Sands  omlaln  by  Boolder-day. 

1901 

t)oSEQkh.—Photogra])hed  hy  *R.  Welch,  Loiiadale  Street^  BrlfaM.  1/1. 

8877  (R.W  nj23)  RosgoUlPeninsala,  Oianite,  intrasiTa  into  Diorite.  1902. 

Kosai^iina. 

8878  (B.W.  6215)  Hebnoie  Mt,  and  Jnnottoo,  Giuiite  and  SdUst. 

Kitchen  Midden,  near  Boaa- 

penna. 

8978  (RW.  S274)  Remnant  of  Lord  Overwhelmed  by  drifting  sand.  « 

Boyne'K  TTonse,  Rosapenna 
3880  (B.W  2270)  '  Kye  of  Bosgnill,'  Katual  ax«b  eroded  in  qnartsites.  „ 

Rosapenna. 

8881  (R.W.  1484)  Bnnglaas   Cliff;  Marine  and  snb-nMal  erasioa.  » 
SUeveUag* 

Dowi?. — PhotograpM  by  •R.  WELcn,  Lonsdale  Street,  Belfast.  1/1. 

8888   (B.W.  6213)  Ballybome   .      .   Raised  Beach,  Oxides  of  Iron  and  ]^Iagncsia 

cementing  some  of  the  coarser  Gravels. 
1902. 

(B.W.  6312)  Belfast  Longfa     •  FoasU-aheUs  from  Estoarwe  Claya.  1901. 
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t)OBLllt» — Photographed  by  *K.  WelcHj  Lotisdale  Street^  Belfast.  1/1. 

>  I  . 

6884  (B.W.  5234)  The  Dingle*  Cat-  •  Oxjr  Q«p '  ia  mawiTe  gMDite.  1901. 

rickmiDQfl. 

S88S  (R.W.  62t6)  Bskn,  GramhilU,  In«galar  Bedding.  19QS. 

Dublin. 

8186   (B.W.  6227}  Sakeri  OreenhiUs,  Bipplc-drift  In  fine  sand  of  sand  pit. 

DdbHn.  1903. 

898V  (B.W.  5231)  Foekfe    BodE«»  Slete  and  Quartzite  etiailied  agaimt 

Howth.  Qnartrite.  1902. 

3288    (R.W.  5230)  Sutton,  ilowth     .  Boulder-clay  resting  on  pliined  surface  of 

Qtiartzite  and  Slato.  1902. 

8888  (B.W.  5232)  Near  the  Bailey,  Breccia  of  Quartzitc  and  Slate  cemented 

Howth.  by  Carbonate  of  Lime.  1002. 

VmaMMMAoa^'^Photographed  by  *R.  WiLQH,  Lomdals  Sinti, 

Belfast.    1  / 1. 

8880  (BW  C211)  Ctiibbaroe    Feint,  Watcr-woni  Oarboniferoos  Sendetooe. 

Lower  Lough  Bine  1900. 

SuQO.'^Phologrt^BM     *R  Wblob,  LomdaU  S^nH,  BeffaaL   1  /I. 

8881.  (B.W.  5210)  Bog  at  Qnoge.  Fent»  withTkee-Toota<ii«<M. 
n«er81igo. 


Kesh  Cavefi,  co.  Slujo. — lieport  of  the  Commitfee,  cmnsfirig  of  Dr.  R.  P. 
SciiAKFT  (Cliainnan),  Mr.  R.  Ll.  Puaeger  (Secretary)^  Mr.  G. 
Coffey,  Professor  G.  A.  J,  Cole,  Professor  D.  J.  Cunningham, 
Mr.  G.  W.  L.uii  LLGii,  -Mr.  A,  McHenky,  and  Mr.  R.  J.  Ussher, 
appoirUed  to  explore  Irish  Caves.    {Draion  up  by  tJie  Chairman.) 

The  Ct^mmittee  submitted  to  the  Association  a  short  interim  report  on 
the  Sligo  caves  last  year.  The  renewed  grant  received  at  Glasgow  has 
enabled  them  to  continue  the  excavations  at  Kesh,  and  to  open  several 
iMw  oaTee  near  Emus  in  county  Glare. 

The  following  report  on  the  Kesh  caves  is  in  the  main  by  Mr.  R.  J. 
Usdier,  who  has  been  in  chane  of  the  operationn^  and  who  has  devoted 
many  weeks  with  most  painstaking  industry  to  this  work.  Professor  Cole 
and  Mr.  Ljimplugh,  the  latter  having  joined  the  Committee  since  the 
Glasgow  Meeting,  have  incorporated  some  interesting  remarks  on  the 
geological  aspects  of  tiie  exeayations,  while  Mr.  G.  C<^ey  has  furnished 
the  descriptions  of  the  hnnan  implements  found  in  the  caves.  I  myself 
have  undertaken  the  detennination  of  the  mammalian  remains,  and  I 
have  to  acknowledge  the  very  kind  assistance  of  Dr.  Forsyth  Major  and 
Mr.  E.  T.  Newton  in  naming  some  of  the  more  critical  bones,  while 
Professor  Stewart  and  Mr.  O.  Thomas  gave  me  every  facility  to  consult 
the  collections  in  their  charge.  Mr.  E.  T.  Newton  has  undertaken  the 
chitei'uiination  of  the  niuneroiis  bird  remains,  and  HeasES.  Kennard  and 
Woodward  are  pre{>aring  a  report  on  the  land  moUnsca. 

In  the  tabular  statement  at  the  end  I  have  given  a  list  of  all  the 
species  of  mammalia  whose  remains  were  discovered.  The  queries  indicate 
that,  although  the  species  occurred  in  the  layers  marked,  the  fragmentary 
character  of  the  remains  was  suggestive  of  their  having  accidentally 
dropped  hito  that  pertioQhur  layer. 
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Kesh,  or  as  it  is  locally  spelled  '  Keaah,'  is  fifteen  miles  south  of  the 
t/)wn  of  Sli^o,  and  consists  of  a  few  scattered  buildin*^,  with  farms  about 
them.  The  spot  is  at  the  foot  of  Kei^hcorran  Mountain,  an  isolated  mass 
of  Carboniferous  limestone  which  rises  to  1,183  feet ;  and  the  country 
which  extends  sonth  and  west  from  this  mountain  for  miles  from  Kesh 
presents  an  array  of  gravel  eskers  and  elongated  mounds  of  glacial  material, 
with  here  and  there  a  small  lake  or  mwA  in  the  hollows  between  them. 
Sprinklings  of  erratic  boulders  am!  stones  occur  up  to  the  very  summit  of 
the  mountain.  These  consist  principally  of  red  sandstone,  with  a  few 
of  yellow  sandstone  and  of  dyke  rocks.  It  is  believed  that  these  rocks 
could  be  found  in  place  on  the  next  hill  range  to  the  S.  and  S.E.  of  Kesh, 
around  Lough  Key,  but  this  point  baa  not  been  definitely  established. 
Though  no  continuous  deposit  of  drift  was  seen  on  the  mountain,  these 
erratic  blocks  are  sufficient  to  .show  that  it  lias  been  overwhelm'  ^  by  ice. 

On  approaching  Keishcorran  from  Kesh  one  sees  a  grass-grown  talus 
which  extends  up  from  the  plain  at  a  steep  angle  for  several  hundred 
feet.  Surmounting  this  is  a  range  of  cUlik  running  along  the  mountain 
fsce  like  the  gigantic  walls  of  an  ancient  atf  .  These  are  pierced  along 
the  top  of  the  talus  by  a  range  of  some  thirteen  caves.  Towards  the 
northern  end  of  this  series  is  a  cavern  whose  laige  orifices,  about  15 
feet  high,  can  be  seen  for  miles.  The  other  caves  are  of  various  sizes,  but 
the  type  whicli  prevails  is  that  of  a  vertical  fissure  enlarged  downwards 
into  an '  A '  shape.  The  cliff  which  they  penetrate  faces  S.  W.,  or  S.  W.  by  \V., 
and  their  direotioD  is  approximately  pmllel.  These  oaves  are  intersected 
at  various  distances  from  their  mouths  by  cross- fissures,  which  in  several 
cases  form  connecting  galleries  from  cave  to  cave.  This  feature  is  more 
or  less  common  to  thpni  all.  The  whole  system  of  excavations,  in  fact, 
clearly  depends  upon  the  jointed  structure  of  the  limestone.  The  great 
cliff  is  due  to  the  flaking  away  of  the  mass  along  one  series  of  vertical 
joints,  and  solution  works  along  the  same  series  within,  and  produoes 
passages  and  fissures  parallel  to  the  face.  The  caves  connected  by  these 
fissures  have  also  been  worked  out  by  solution,  acting  along  the  second 
vertical  aeries  of  joints  whicli  run  in  perpendicularly  to  the  great  cliff  face. 
The  general  slope  of  the  cave-llours  is  from  within  outwards,  and  the 
contained  deposits  are  mainly  the  detritus  and  resirlue  of  the  limestone 
rock,  with  fallen  blocks  from  the  walls  and  roof,  set  in  a  soft  calcareous 
tula. 

Coffey  Care. 

Our  excavations  were  commenced  in  May  1001  at  the  mouth  of  one 
of  the  larger  caves,  which  is  about  centrnl  in  the  series,  and  which  we 
distinguish  as  the  Cotiey  Cave.  It  has  a  lofty  A  shaped  mouth,  and  a 
large  deposit  of  clay  occupies  its  lower  portion.  The  section  made  in  this 
aerosB  the  eave's  month  disclosed  the  following  deposits  in  deioending 
order : — 

1.  Surface  aoil  of  a  blackish  brown,  contslning  charcoal,  a  tjme  of  Red 
Deer  antler,  the  broken  bones  of  domestic  animals,  and  a  few  implements 
rndicatiiig  temporary  occupation  by  man  rather  than  fixed  settlement. 
The  bones  and  implements  are  such  as  are  commonly  found  in  raths  and 
orannogs,  and  the  depth  ol  this  layer  is  from  6  to  12  inches. 

3.  Breeeia,  consisting  of  limestone  blocks  and  fragments  fsllen  from 
the  roof,  in  a  deposit  of  calcareous  tufa.  This  bed  contained  nninaiOOt 
land  shells  (Helw,  Hyalinia^  ClaimUa)  and  bones  of  small  mtmmalii 
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Among  these  the  Arctic  Lemming  was  numerously  represented  as  well  as 
in  the  next  stratum.  Tliis  is  the  first  instance  in  -which  this  animal  has 
been  identified  as  a  former  inhabitant  of  Ireland.  A  mandible  hns  l>een 
referred  to  the  Irish  Stoat,  though  smaller  than  that  of  a  W'eanel  ;  and  some 
csnine  remains  hmwe  not  yet  hSen.  definitely  identified.  The  depth  of  the 
liraoeia  is  from  1  foot  in  the  centre  increasing  to  3  feet  at  the  sides  of 
the  cave. 

3.  Claj/  of  a  brown  ochreous  colour  containing*  large  blocks  of  limestone 
and  numerous  bones  of  small  mammals  (including  Lemming),  as  well  as 
a  few  of  larger  ones.  At  a  depth  of  6  feet  from  the  surface  a  large 
glaciated  hhSk  ci  limestone  was  found. 

Ptnnketf  Cave. 

Owing  to  the  difficulty  of  removing  the  numerous  limestone  blocks 
we  searched  for  more  promising  ground  and  decided  to  work  at  a  smaller 
cave,  one  of  the  most  southern  of  the  series,  which  opened  at  a  somewhat 
higher  ]eveL  We  celled  this  the  Plunkett  Cave.  A  lofty  entrance 
narrows  down  to  a  low  month,  from  5  to  6  feet  wide,  and  inside  this 
the  cavn  becomes  much  more  lofty  and  widens  at  a  distance  of  from 
12  to  K)  feet  from  the  mouth.  It  then  forms  a  gallery  6  to  10 
feet  wide  which  pursues  a  jjenerally  straight  course,  terminating  at  40 
feet  from  the  mouth.  Before  this  termination  is  reached,  however,  a 
galleiy  brsnohes  off  to  the  right,  and  this,  after  ranning  some  20  f^ 
expands  into  a  loftjf  hall,  the  Sloping  Chamber,  that  has  another  branch  to 
the  left,  parallel  with  the  Plunkett  Cave.  We  called  this  latter  branch 
the  Wat^r  Gallery. 

At  the  commencement  of  the  operations  no  part  of  these  gaikTips  was 
completely  choked,  but  all  contained  a  considerable  depth  of  deposits, 
cbiefly  of  earths  and  days,  with  blocks  and  fragments  of  limestone. 

The  upptr  or  tuffause  ttratwm^  which  Tari^  from  6  inches  to  2  feet 
in  depth,  contained  a  large  amount  of  calcareous  tnfii,  and  as  we  advanced 
into  the  inner  galleries  this  tuf?i  ijrew  more  and  more  free  from  earthy 
admixture,  being  in  places  as  white  as  mortar.  While  a  variable  amount 
of  calcium  carbonate  occurs  in  this  deposit,  its  whiteness  is  in  part  due  to 
the  usual  residue  of  siliceous  particles  that  results  from  the  removal  of 
limestone  in  solutioii.  Characteristic  bipyramidsl  crystals  of  quarts  are 
thas  found  in  some  parts ;  and  in  th(>  AN'ater  Gallery  a  delicately  spicular 
deposit  occurs.  A  multitude  of  minute  rods,  sometimes  set  with  knobs, 
are  seen  when  the  tufa  is  dissolved  away  in  acetic  acid.  Dr.  G.  J.  Hinde, 
F.R.S.,  who  has  kindly  exaraineil  these  for  us,  points  out  that  they  are 
crystalline  and  soluble  in  nitric  acid.  Their  true  character  is  still  under 
consideration.  In  all  parts  of  the  cave  explored  by  us  this  white  stratum 
contained  charcoal,  sometimes  in  lamps  and  occasionally  in  horizontal 
layers,  which  formed  distinct  seams  in  our  sections.  In  the  most  remote 
part  excavated  by  us,  the  Water  Gallery,  there  was  a  black  layer  of  char- 
coal 1  inch  deep,  which  extended  from  wall  to  wall,  with  a  bed  of  white 
tufa  above  and  beneath  it,  and  at  the  bottom  of  the  lower  tufa  there  was 
more  diarooal.  Some  pieces  of  peat  were  also  found  embedded  eUewhere, 
which  were  probably  brought  into  the  cave  for  fuel. 

In  the  lower  part  of  the  upper  stratum  a  laii^e  stone  celt  was  found 
5  feet  inside  the  cave's  mouth,  the  only  evidence  of  "neolithic  occupation, 
and  not  far  from  it  was  a  portion  of  a  small  iron  saw  of  peculiar  make, 
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immbling  those  found  in  Donshaughlin  ormnnog,  and  in  ibeMine  vioinitjr 
a  broniepui  with  a  ring  attaehod  to  it.  The  upper  ttnttun  oontained  a 
woond  bronze  pin  at  38  feet  from  the  mouth  of  the  oave,  and  further  in 

again  was  a  small  iron  rod.  Shells  i)f  marino  Mussols  repeatodly  occurred  in 
this  upper  stratum  and  also  an  oyster-shell,  though  the  sea  is  now  tift^-en 
miles  distant)  and  is  not  likely  to  have  been  much  nearer  in  neolithic 
times. 

The  fauman  remains  were  few,  and  ooonned  ofaisfljr  near  the  Sloping 
Chamber  ;  hnt  the  bones  and  teeth  of  domestie  animals  were  exceedingly 
nmnerotis,  and  were  found  wherever  the  stratum  extended.  These  were 
generally  fragmentary  and  representf^l  the  species  usually  found  in  Jiuh 
kitchen  middens,  viz.,  horse,  red  deer,  ox,  sheep,  goat,  pig,  and  dog. 

Among  the  wild  species  represented  in  tiiis  upper  stratum  fox  and 
rabbit  were  nnmeroa%  here  and  red  deer  less  ao ;  bat  an  interesting  find 
was  a  metatarsus  of  reindeer,  whieh  ooearred  in  the  gdleiy  to  the  rights 
deep  down  in  this  stratom  ;  while  charcoal  was  found  lower  down  in  the 
lame  depcisit  and  in  the  same  bench,  each  bench  measuring  2  feet  wide. 

In  several  parts  of  the  cave  the  upper  stratum  contained  bones  of 
brown  bear.  These  were  found  near  the  lower  horizon  of  the  deposit,  so 
that  in  some  cases  they  may  have  been  lying  on  the  surface  of  the  clay 
which  formed  the  eeoond  stratam  where  the  depaeitaon  of  the  upper  one 
oommenced.  In  one  case  a  bone  of  a  bear  was  partly  embedded  in  the 
upper  stratum  and  partly  in  the  clay. 

Bones  of  tield-mice  were  numerous,  as  well  as  those  of  frog. 

The  8ec<yiid  stratum  of  clai/,  which  also  extended  throughout  the 
galleries  of  the  Flunkett  Cave,  was  brown,  inclining  to  ochreous,  more  or 
less  sandy,  and  oontuned  numerous  fragments  of  limettone  and  cherl 
Worn  rounded  pebbles  were  soaioe  in  tm  olay,  and  occurred  ohiedy  in 
or  near  the  Water  Gallery. 

The  quartz  sand  in  this  yellowish  clay  seems  to  be  truly  detrital  and 
of  external  origin  ;  it  sometimes  largely  j)redominates  over  the  clayey 
particles.  The  clay  itself,  however,  probably  arises  from  the  decay  of 
oertain  layers  of  the  limestone,  since  it  contains,  and  at  times  abun- 
dantly, the  typical  bipyramidal  crystals  of  quarts.  *  Its  non-calcareous 
nature  shows  that  it  was  depositerl  when  solution  was  fairly  active,  while 
the  upper  tufaoeous  deposits  indicate  conditions  fibTonrable  to  stahigmitie 
growth. 

The  presence  of  occasional  worn  pebbles  of  red  sandstone  in  the  interior 
of  the  caves  might  be  explained  on  the  supposition  that  the  pebbles  had 
been  washed  down  pot  holes  and  crevices  from  the  hiU  above.  The 
gravelly  deposit  at  the  mouth  of  the  Flunkett  Cave  could  not^  however, 
he  thus  explained.  It  is  too  thick  and  too  limited  in  area,  and  some  of 
its  contained  boulders  are  too  large  to  have  been  thus  introduce<l,  and 
there  seems  no  escape  from  the  conclusion  that  the  gravel  has  been  washed 
to  the  mouth  of  the  cave  from  without. 

Some  of  the  laiger  limestone  boulders,  especially  those  towards  the 
top  of  the  gravel,  were  undoubtedly  glaciated  (not  onlv  scratched,  but 
exhibiting  also  the  chamcteristic  shape  of  glaciated  blocks),  and  did  not 
seem  to  have  been  worn  or  washed  much  since  this  glaciation. 

Tliere  is  not  enough  drift  on  the  mountain  above  to  explain  the 
presence  of  the  gravel  as  a  down-wash,  even  if  the  contour  of  the  hill  were 
audi  as  to  render  a  down-^raah  of  this  kind  possible^  which  is  not  the 
case.  The  pkin  of  drifts  with  its  oharaotenstie  eri^nal  mo«ndy  topo* 
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gra{}liy,  liee  considerably  below  the  mouths  of  the  caves,  with,  a  steep 
tains  akipe  now  aepaimting  them,  uid  it  Is  highly  improbable  that  there 
has  ever  been  a  ptateau  of  drift  material  so  high  as  the  months  of  the 

caves  at  any  time  since  the  disappearance  of  the  ioe.  There  seems,  there- 
fore, to  be  no  other  explanation  possible  for  the  gravel  deposit  than  that  it 
has  l>r'en  washed  into  the  mouth  of  the  cave  at  a  time  when  the  ice  was  at 
leasL  as  hieb  as  the  escarpment  into  which  the  caves  are  cat,  and  that  the 
mottth  of  uie  Plmikett  Gave  was  already  an  open  passage  at  that  period. 

Hence  it  becomes  a  point  of  muxh.  hnpoftanoe  to  <fetermine  whether 
the  caves  contain  any  deposits  of  older  date  than  the  ghu;ial  period,  and 
this  point  deserves  especial  prominence  in  any  future  exj)loration.  The 
yellow  clay  with  chert,  the  lowest  deposit  discovered,  is  not  a  true 
'  boulder  clay.'  It  seems  to  be  such  material  as  might  be  derived 
from  the  solution  of  the  limestone  mixed  with  sand  and  mud  from  the 
waters  entering  the  cave  from  without.  We  were  not  latisfied  that  this 
day  was  older  than  the  gravel  deposit.  No  foiails  having  as  yet  been 
found  in  the  yellow  clay,  the  question  as  to  its  relation  to  the  glacial 
period  is  at  present  of  geological  interest  only,  and  no  palsBontolpgical 
point  is  involved. 

If  a  foiisiiiferous  deposit  were  discovered  below  the  yellow  clay  it 
would  be  of  mnch  scientific  interest.  That  pre-glacially  filled  fissures 
may  occur  in  the  Carboniferous  limestones  in  this  country  is  shown  by  the 
presence  of  an  earth-filled  fissure  overlain  by  boulder  clay  in  a  limeAtone 
quarry  at  Howth,  which  one  of  us  examined  recently,  but  without  noticing 
any  fossils  in  it. 

A  block  and  cone  of  crystalline  stalagmite  were  found  in  the  clay  in  the 
Water  Qallery,  but  these  were  the  only  examples  noticed  of  this  ancient 
form  of  stalagmite  which  had  evidently  been  broken  up  in  this  cave. 

The  lower  portion  of  the  clay  seemed  to  be  devoid  of  bones  as  well  as 

of  any  relic?;  of  man,  but  in  the  upper  portion  of  this  deposit  we  found 
animal  remains,  including'  a  human  tooth  ;  and  a  little  charcoal  was  met 
with  in  four  different  spots.  This  strongly  contrasted  with  the  abundance 
the  latter  material,  which  was  everywhere  present  in  the  upper  stratum  ; 
and  even  these  few  traces  of  it  must  be  mentioned  with  caution,  as 
borrowing  animals  may  have  penetrated  into  the  clay,  and  thus  mi^g^t 
have  transmitted  into  it  some  bits  of  charcoal  from  the  upper  stratum. 
Remains  of  domestic  animals,  so  abundant  in  the  latter,  were  virtually 
absent  from  the  clay,  a  l)one  or  two  of  ox  and  of  goat  l)eing  all  the  relics 
in  it  assignable  to  those  mummahi.  The  pig  was,  however,  represented  in 
four  places. 

The  chanracteristtc  animal  throughout  Uus  stratum  was  the  brown  bear, 
whose  bones  and  separated  teeth  numbered  sixty  at  leasts  and  occurred  in 

all  parts  of  the  cave,  becoming  more  frequent  in  the  inner  galleries.  Fox 
was  found  in  fourteen  places,  hare  in  seven,  red  deer  in  four,  mbbit  in  three, 
wolf  in  at  least  one  instance,  and  lemming  once  (at  the  entrance),  while 
frcwand  field-monse  occurred  repeatedly. 

We  sank  deep  sections  in  several  parts  of  the  cave^  with  the  result 
that  it  was  found  to  narrow  downwards  and  was  filled  in  that  direction 
with  barren  clay,  which  became  yellow  and  tenaceous  as  the  rock  was 
approached  in  our  excavations.  Near  the  cave's  mouth  lai^e  quantities 
of  yellow  clay  were  found,  and  it  may  be  proper  to  treat  it  as  a  separate 
deposit  distinct  from  the  brown  sandy  clay.  No  drift  stones  have  been 
notioed  in  the  yellow  day. 


Digitized  by  Google 


252 


9£P0RT — 1902i 


It  will  be  seen  from  this  report  that  during  the  deposition  of  the 
upper  strata  the  Plunkett  Cave  was  inhabited  for  a  loug  time  by  men.  who 
raid  domestio  animals  and  marine  mallnies,  and  had  impl«menta  of  inm, 
bronze,  and  polished  stone,  and  who,  in  the  earlier  part  of  this  peiiodt 
were  contemporaneous  with  the  reindeer  and  probably  with  the  bear. 

In  the  subjacent  clay  there  are  evidences,  loft  during  a  previous  epocfai 
that  bean  then  inhabited  the  oave  undisturbed  by  human  intmaloD. 

Tabular  Statement  of  the  Mammalian  JR$maini  (AWiMtlnary). 


rig  (Shu  terqfa) 
Horse  (Er/yut  eab^w)  , 
Ass  (E.  annmC) 
Red  Deer  {Cerrus  elaphus)  . 
Reindeer  {Ra»fiftr  tonsnkvO 
Bitiec^  {Orif  nr'ies)  .  , 
Goat  (Capra  hircus) 
Ox  (Bos  taurui) 
Field-mouse  (Mua  SffltoHeui) 
Rat  (3/w5  flecumanus)  . 
Arctic  Lemming  {Dicrottonyx  tarquatm) 
Rabbit  (Lepiu  cunioulvs) 
Hare  (T^rput  timidvMstafialblHi) 
Bear  (Ursuf  arrtrnf) 
Dog  (Canis  /umiliaris) 
Wolf  (Canis  lupui) 
Fox  (  Vvlppi  rulpei) 

Badger  (Mflr$  fdjiif) 
Irish  Stoat  {^Futorius  hibemicut) 
Man  {Homo  tajrimi) 
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BrraUe  Bloeh  of  the  BriHsh  Isles. — Bepwt  of  the  OanmiUee^  eontMsig 
of  Mr.  J.  £.  Mark  (Chairman%  Mr.  P.  F.  Kbndall  (Secre* 
fary).  Professor  T.  G.  Bomvey,  Mr.  C.  E.  Db  Kakcb,  Ph)feB8or 
W.  J.  SoLLAS,  Mr.  B.  H.  Tiddemav,  Bev.  8.  N.  HAHBisoir, 
Dr.  J.  HoRNB,  Mr.  F.  M.  BuRTON,  Mr.  J.  LoBfAs,  l&t.  A.  B. 
Dh'ERRTdouse,  Mr.  J.  W.  Statber,  Mr.  W.  T.  Tuckeb«  wnd 
Mr.  F.  W.  Harmer,  appointed  to  invedijate  the  Erraiie  Bhdse  of 
the  BrUush  Isles  and  to  take  measures  for  their  preservation,  (Drawn 
up  by  the  Secretary,) 

TnE  records  which  have  been  transmitted  to  the  (^ommittee  <lurin£:  the 
past  year  come  from  only  two  districts.  The  Boulder  Committee  of  the 
Yorkshire  Naturalists'  Union  continues  its  most  valuable  work  over 
the  entire  county.  liecords  which  call  for  particular  notice  are  the 
boolder  of  diabase  at  Aldfield,  near  Ripon  (the  most  westerly  point  to 
which  rocks  foreign  to  the  district  ha\«e  been  traced),  and  the  DoaMflffs 
of  limestone  at  Escrick,  which  resemhle  some  of  the  rocks  of  Swaledale. 
Carboniferons  limestones  rarely  display  charaoters  by  which  their  east 
place  of  origin  can  be  determined. 
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A  visit  paid  by  the  Torkahiro  Geologic^ul  and  Polytechnic  Sociefcy  to 
the  Tweed  Valley  two  years  ago  enabled  members  of  the  Yorkshire 
Boulder  Committee  to  acquire  a  familiarity  with  some  of  the  distinctive 
rocks  of  that  region,  with  the  r.\sult  that  the  Haggis  Hock,  so  well  known 
t/>  Scottish  geologistSi  is  reported  from  several  localities  in  the  east  of 
Yorkshire. 

The  intereat  of  theie  obsenrations  is,  however,  eclipaed  by  a  remark- 
able series  of  boulders  noted  by  Mr.  H.  li.  Muff,  now  of  the  Geological 

Survey  of  Scotland.  Mr.  Muff  submitted  to  his  colleap^iips  Messrs. 
B.  N.  Peach  and  E,  H.  Cunninghum-Cniig,  a  series  of  specimens  of  boulders 
from  the  country  round  Whitby,  and  among  them  were  recognised  rocks 
from  the  Southern  Uplands  of  Soothuid,  such  as  Haggis  Kock,  Queens- 
bury  grits,  and  radiolarian  chert ;  Old  Red  Sandstone  conglomerate  of 
a  Scottish  type  and  various  volcanic  rocks  of  which  the  source  may  be 
in  either  the  Cheviots,  Pentlands,  or  Ochills.  The  authorities  quoted  con- 
nder  that  it  is  unsafe  to  assign  porphyrites  specitically  to  the  Cheviots, 
as  rocks  of  the  same  petrological  character  occur  as  far  north  as  the 
Ochills.  The  succeeding  determinations  show  that  there  is  no  improb- 
ability in  this  Boggwtioii,  far  thej  indnde  a  lai^  suite  of  quite  distinctive 
%  rocks,  namely,  Leny  grits,  Highlimd  schists  of  Perthshire^ 

Moine  schists,  and  Ben  Ledi  gritfl. 

Additional  localities  in  Yorkshire  are  given  for  the  Scandinavian 
rhomb  porphyries,  augite-  and  zircon-syenites,  and  tlio  Secretary, 
Mr.  Howarth,  records  a  rock  resembline  the  peculiar  nodular  gabbix)  of 
Imenffis,  near  Grimstad.  A  veiy  satisnetory  identification  is  that  by 
Ifr.  Stather  of  a  boulder  absolutely  identical  in  stmeture  sad  constitu- 
tion with  the  elseolite  syenite  (foyalte)  of  KveUe,  near  Larvik. 

It  is  gratifying  to  be  able  to  announce  at  this  meeting  the  resumption 
of  its  work  by  the  JVelfast  Naturalists'  Field  Club.  In  past  years 
(1895  and  189G)  this  society  contributed  most  valuable  and  interesting 
reports  to  the  Committee,  and  it  is  to  be  hoped  that  other  organisations 
in  Irelaiid  will  foUow  its  example.  The  most  noteworthy  faeta  in  the 
present  report  are,  first,  the  very  wide  and  general  dispersal  of  the  well- 
known  riebeckite-eurite  of  Ailsa  Craig.  Out  of  forty  localities  which 
are  mentioned  in  the  Belfast  society's  lists  no  fewer  than  twenty-six 
have  yielded  this  rock.  The  schedules,  carefully  compiled  by  Madame 
Christen  and  now  presented,  give  in  a  condensed  and  convenient  form 
the  results  of  a  large  amount  of  patient  and  minute  tesearofa,  and  might 
well  be  adopted  as  a  model  by  any  societies  undertaking  a  surv^  of  the 
emtic  bLooks  and  allied  phenomena  of  a  new  field  of  study. 

An  appeal  will  be  issued  in  the  coming  year  to  the  Scottish  societies  to 
take  up  the  work  of  observinf?  and  recording  the  erratics  of  the  country, 
so  that  at  least  their  general  di;stribution  may  be  roughed  out.  Dr.  Jolin 
Home  has  promised  his  active  oo-opeiation  in  the  determination  of  the 
ioaraes  of  boulders  observed. 

An  observation  made  at  Dunbar  during  the  present  summer 
emphasises  the  necessity  for  guardins^  against  the  inclusion  in  lists  of 
erratics  of  stones  which  have  been  transported  by  human  agency.  A 
block  of  zircon-syenite  bearing  a  resemblance  to  a  rock  found  at  Larvik 
in  Norway  was  found  upon  the  beach  ;  a  specimen  was  submitted  to  the 
officers  ol  the  Geological  Survey  at  Edinburgh,  and  their  opinion  was 
nnanimous  Uiat  it  was  not  a  Scottish  rock.  Kenewed  search  was  made 
nt  Dunbar,  whiob  resulted  in  the  disooveif  ol  twenty  at  thirtgr  small 
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boulders  of  the  quite  unmistakable  augite-syt^nite  (laurvigite)  of 
Larvik,  and  upon  inquiry  at  the  coastguard  station  the  writer  was 
infofiiied  that  in  the  last  ten  years  several  Norwegian  BaiUng«sibi|iB  have 
been  wrecked  upon  that  partieillar  piece  of  shore,  so  it  may  safely  be 
assumed  that  these  stones  came  as  ballast.  If  they  had  \mm  ice-borne 
boulders  they  would  certainly  have  been  accompani€Ki  by  their  invariable 
assoeiateg  in  the  English  glacial  deposits,  the  rhomb-porphyries,  which 
extend  in  iS'orway  over  a  much  wider  outcrop  than  that  of  the  laur- 
vigitee.  Kinti  oi  the  type  found  in  the  loath  of  England  are  alao  Teiy 
abondaiit  on  the  beaoh  at  Dnnbar, 

T0RK8BIEB. 

CommuniccUed  by  the  Yorkshire  Boulder  CoinmiUee. 
Reported  by  W.  Qrbgbon,  F,0,S, 

AldJield^Jive  miles  west  of  Ripon,~- 

1  diabase  11  io.  by  7  in.  by  6  in. 

600  feet  O.D.  on  miilstooa  grit.  Mo  angles. 

Reported  hy  P.  F.  Kutdau^  JP.<f.^. 

£tcrick,  near  York. — Several  boulders  of  a  Carboniferous  limestone 
ectit^iinfng  many  braehiopods  have  been  found  here  which  are  quite 
unlike  anything  I  know  in  the  Crayen  area.  Mr.  W.  Horn,  of  Leybnm, 
says  they  are  different  from  any  limestone  in  Wensleydalo,  and  sm^gesta 
Swaledalc  as  their  place  of  origin.  A  single  speoiinon  had  previously 
been  submitted  to  me  from  the  same  locality  of  a  yellowish  very  crystal- 
line limestone,  which  I  recognised  an  identical  in  colour  and  structure 
with  that  fonning  the  matrix  of  speeimena  of  Woodoeriimg  item  the 
iamoiu  qnarry  near  Richmond.  The  corroboration  is  intereiting  and 
may  be  valuable,  as  no  distinctive  Swaledale  rock  had  previously  been 
found  in  the  Vale  of  York.  The  specimens  were  all  found  by  Mr.  £.  M« 
Baines. 

Coxwold. — In  a  quarry  beside  Shandy  Hall  and  in  digging  foundations 
for  a  house  a  UtUe  nearer  tiie  village  the  erratios  consisted  mainly  of 
Oarboniferoaa  sandatone^  limestone,  uid  chert^  with  a  few  amall  bonlden 
(np  to  about  8  inches  in  diameter)  of  Borrowdale  andente^   A  apedal 

■earch  was  made  for  Cheviot  porphyrites  with  negative  results. 

Kilbum. — At  corner  of  a  road  |  mile  S.  of  the  village,  Borrowdale 
andcsitic  ash  containing  many  garnets.  Eoadside  heap  in  the  village, 
1  Sbap  granite. 

Reported  by  Rev.  £.  Mavlb  Colb,  JT.il.,,  F,O.S, 

Camttby. — In  digging  a  hole  for  a  gate-post  in  the  main  street  of  the 
Tillage  on  high  road  between  Bridlington  and  Driffield. 

1  Whin  Sm  29  in.  by  19  in.  by  12  in.,  polisbed  and  flat. 

The  boulder  now  lies  by  the  roadside  opposite  the  blacksmith's  shop. 

Reported  fty  H.  B.  Mufp,  B,Se.,  F.G.S. 

Tlic  following  boulders  from  East  Yorkshire  have  been  identified  by 
B.  is  .  Peach,  Esq.,  F.K.S.,  F.G.S.,  and  £.  H.  Ciumingham- Craig,  £sq.^ 
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B.  A.,  F.G.S.,  of  the  GMlogiGal  Sumy  of  Sootiand,  to  whom  Mr.  Muff 
■■bimtted  tbem : — 

Hobin  flood's  Bay. — Several  beach  boulders  of  andesites,  porphyritea, 
and  lamprophyreft  of  Old  Bed  8»oditone  age  from  the  Chevioti  PenUAod, 
or  Ochill  Hills. 

f  Old  Ito'l  Srinclstone,  Scotland.  1  sporimfn. 

*  Haggis  '  Hock,  northern  edge  of  tioutbera  Uplandi  of  Sootlaad,  1  ipeGimen 

in  Upper  Boalder  Clay. 
Bed  Jasper  (fedSolexieii  eheit),   Soqthem  CpUada  of  fleollMifl,  biedi 

boulder. 

Leny  grits,  Highland  schisti,  Perthshire;  1  specimen  in  Upper  Boalder 

Clay ;  I  specimen  In  beudi  boulder. 
Spidiorite,  Highland  schists,  Perthshire ;  1  specimen,  beach  boolde^. 
Moiae  aofaiit»  Highhwidg,  1  ipMinMB  in  Upper  Boalder  Olij. 

WhUby,^ 

Lower  Old  Red  Sandstone,  Scotland ;  1  specimen  in  Lower  RouMcr  Clay. 
Ophitic  dolerite  (coarse),  similar  to  the  sills  of  Carboniferoua  age  in  the 
*  Midland  Valley'  of  bcotlaud;  1  i»pccimcn,  beach  boulder. 

Queeosbury  grit,  SoQihern  Uplands  of  Scotland ;  1  specimen ;  Leny  Grite  (t) 
1  upacdnMB* 

^fion  £riekwork§t  £$hdal€*-^ 

Bob  Led!  grit,  Highland  adhiflte,  Perfhdiire,  1  specimeD  in  Botilder  Olay. 

Most  of  these  boalders  baTO  been  sent  to  the  UuU  Monioipal  Muaeniii. 


Hull  Geological  Society, 
JSepart  qfiha  Moulder  CommiUee,  August  1902. 

BoHon'Ot^Humber, — Quarry  in  glacial  gravels,  \  mile  west  of  the 
tovn.  <}fayel  oonsista  mainly  of  local,  ohalk  and  flint,  bat  foreign  roeka 
also  ooear  aa  loUowa : — 

2  coariie  conglomerates,  18  in.  in  diameter, 

1  glaciated  basalt,         18  in. 

1  Cb>e¥iot  porphyrite,     12  in.  „ 

Amongrt  the  smaller  foreign  pebbles  Cheviot  porphyritea  are  the 
most  common,  but  magnesian  limestone  (Boker  type),  grejwaolros 
basalts,  Carboniferous  limestones,  and  lias  also  occurred. 

HeporUd  by  Bev.  £.  Mauls  Colb,  M,A,,  F.OJS. 
JhifitH  Ml  the  B^I^UHd  Quarry. 

Bhomb  porphyry. 

Reported  b*/  G,W,  B.  Macturk. 

JBluestone  Bottoms,  near  Little  Weighton. — In  this  wold  valley,  at  an 
elevation  of  250  feet  above  O.D.,  numbers  of  drift  pebbles  occur,  Cheviot 
porphyritea  being  especially  abundant. 


^  J  .i^cd  by  Goo^e 
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Reported  by  James  Faasbb  Eobinson. 


Wawne^  near  Hull, — > 

Pebblv  of  aii^ite  f>yen!te,  rliomb  porphyiy,  bM«]t»  gnymuik»9  Cbevioi 
porphyzite,  bJack  Hint  and  piak  flint. 


Shi^  granite.  8  in.  by  8  in.  by  8  in. 

MeauXf  near  J  full. — 

Quartzite  30  in.  in  diameter ;  pebbles  of  rbonb  pofpbyry ;  Cberiot  poiphyrtte; 
Carboniferous  saad^tonu  and  diaii. 

Reporttd  by  J.  W.  Statuek,  F.G.S 

Mitratufick,  HoldamMi. — 

Foyaite  (Bragger),  KyeU«^  5  in.  bj  4  in.  by  4  in. 

Diinlijigtony  lIoldernesR. — 

Zircon  syenilo,  2  small  boulders. 

XntTcrmanland  granite,  10  in.  by  5  in.  by  5  in. 

(Juai- measure  siuile,  with  many  Antbracosia^,  6  in.  by  4  in.  by  2  in. 

Pebble  of  obalk,  with  plate  of  MartHpUai  mmaiM$  attaohed. 

Mxddleton-on-tlte-Wolxh. — In  a  gravel  and  sand-pit  at  west  end  of  the 
village,  150  feet  O.D.,  occurs  gravel  consisting  chiefly  of  water-worn 
chalk  and  flint  pebbles,  with  a  small  percentage  of  foreign  pebbles, 
including — 

Bbomb  porphyry,  coarse  red  granite,  basalts,  ganibter  and  grit?,  many  Chevioi 


Out  Nmalon^  HokUmm  eoatk — 
Bhap  gnnito,  8  ft  by  S  ft.  bj  S  ft. 

Wykeham,  VaU  of  Fiekerinff, — In  a  saad-pit  behind  the  Down  Ann 
Hotel. 

A  flint  oast  of  Anaiuhjftet  owUnu, 


Haggis  rook. 

Maybum  Wyke, — 
Haggis  rock. 

JJornsettf  Holder ness. — 

Rhomb  porphyry  with  aroygdnles.  * 
8bap  granite,  18  in.  by  12  in.  by  (7J 


Bedded  v(5lcanic  ash.  proluibly  Rorrowdalc  series. 
Lower  Siliuian  conglomerates,  grejrwacket  (QnoMisbttiy  grita^  to 


Re)}oHed  by  TnoMAs  Shbppabd,  F.G,S. 
£aaington  {beach),  Uoldemess. — 


porphyrites,  lias  (ammonites). 


Meported  by  F.  F.  WAi,n*ON,  F.G,JS, 


ditto 
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Reported  by  Rev.  George  Style,  ^f.A. 

GxggUswirk.—  On  (Jmnimir  School  Cricket  Ground  tiie  pavilion  is  set 
back  into  a  glacial  looraino  containing  numerous  rounded  to  sub-angular 
itones.  They  include  niillst4>ne  grits,  Yoredale  grits  and  shales,  Hardraw 
Scar  1  ill ;estone,  Lower  Carlv)nifL'rous  limestones,  and  .Silurian  grits. 

Note. — This  deposit  and  the  worn  rocks  and  rocJ^es  montuniirfs  from 
the  school  buildings  on  to  the  Settle  golf-links,  by  the  Kbbing  and 
Flowing  Well,  suggest  an  ice-flow  coming  over  Buck  Ha*  Brow.  Thti 
monune  might,  howeTer,  liAve  been  laid  down  by  ioe  coming  down 
RibUesdale  bj  Horton  and  Stamforth.  Farther  evklenoe  roquirod. 

Reported  by  J.  H.  HowAXTH,  F.G.S. 

langcliffe,  n-^ar  tSttt/e.—Jn  cutting  for  engine-bed  at  Mr.  Christie's 
milli  by  River  Ribble  through  about  7  feet  of  top  earth  and  drift  with 
boulders,  dark  lower  limestone  in  nitu  exposed,  finely  grooved  and  scratched 
and  very  highly  polished.    Strise  down  valley. 

Reportedly  W.  Simpson,  F.G.S.  j  and  J.  H.  HowABin,  F.G.S. 

Mytholmroyd,  Calder  VaUey, — In  cutting  for  towage  drain  by  bridga 
OTer  canal  in  village. 

Deposit  containing  many  rounded  boulders  and  fewer  sub-angular. 
One  to  2  feet  of  top  earth.  Boulders  in  sand  3  to  6  feet.  Shales  in  situ 
below. 

Borrowdale  ash.  4  in.  by  S  in.  by  2  in.,  and  numbers  smaller. 

Lake  District  asdesites,  few  small  pebbles. 

■ikdale  graoite,  6  la.  by  5  in.  bv  2  in  and  3iii.by8in.  1^210. 

Ennerdale  granophyre,  4  in.  by  3  in.  by  2  in* 

Butte rmere  gnmopbyre,  pebble. 

Rhyolite. 

This  deposit  is  on  the  opposite  side  of  the  River  Calder  to  that 
rvj'orted  previously  by  Mensrs.  Simpson  and  Xaw,  and  appears  to  be 
\\at€T-iaid  or  re-.sorted  glacial  debris. 

Ualifiix,  Calder  Valley. — In  making  a  roadway  and  drains  for  develop- 
ing Willow  Uall  Estate  between  Bowerby  Bridge  and  King  Cross,  Halifax, 
oatbe  east  aide  of  tbe  Oslder  Valley. 

975  feet  O.D.,  and  275  feet  above  the  river,  deposit  of  clay  plastered 
along  valley -side  from  3  to  10  feet  thick,  and  lying  on  shales  below  the 
Rough  Rock. 

Tho  lower  portion  a  stiff  tenacious  clay,  almost  stone-free.  The  upper 
a  sandy  clay,  containint;  well-rounded  to  angular  local  rocks  varying  in 
&i2e  from  pebbles  to  three  or  four  large  sub-angular  blocks,  the  largest 
being  6U  inches  by  22  inr-hea  by  11  inches. 

Gristhorp. — On  beach. 

Gabbro,  similar  to  Imenjcs,  South  Norway. 
Porpbyrites  (Che¥iot  type)  abundant. 
R«d  jasper,  Southern  Uplands  of  Bootland* 
Qaarti  porphyry. 


1902. 
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IRELAND. 

C&mmunicaied  by  the  BelfaH  NaHtraltBU*  FiM  CM. 

InvestiffatiouH  into  the  Glac'ud  Drifts  of  the  North-east  of  Ireland,  with  ' 
Special  Reference  to  the  Distribution  of  Erratics  and  Fossils.  Conducted 
for  th$  Belfast  Naturalitte*  Fidd  Clwb  by  Madame  Chbistbn, 
Miss  Mabt  K.  Andrews,  and  Mr.  Robert  Bell;    Microscopic  EMMi&i' 
naUom  eondueted  by  Mr.  Josi:ph  Wright,  F.G.S.^  and  Miss  Smythe. 

Deform inafion  of  Rocks  hy  Profesgor  (Jrknville  Cole,  F.C'.S.^ 
Prof.  W.  W.  Watts.  J/..1.,  F.G.S.,  Mr.  A.  McHbxry  {Geological 
Survey)^  and  Mr.  J.  St.  J.  Phillips. 

The  following  srhodulo  has  been  prepared  as  a  summary  of  the  most 
important  results  of  several  years*  work  carried  on  by  many  members  of 
the  Belfast  Naturalists'  Field  Club,  and  includes  stray  n^cords  from 
localities  not  fully  examined,  which  have  nevertheless  famished  data 
■ufficieDtly  important  to  be  worth  reoordmg.  F^iller  details  will  be 
■abeequently  publiihed  in  the  elab's  annual  proceedings. 

Erratics. — The  prevalence  of  Ailsa  rrai;^  furite  is  remarkable  :  it  occurs 
at  twenty-six  of  the  scheduled  localities  as  pebbles  on  the  sands  at  White- 
park  Jiay,  Portrush,  and  Portstewart,  on  the  shores  of  Belfast  Lough,  and 
in  dredgings  o&  Rathlin  Island  at  a  depth  of  45  fathoms.  Scottish  rocks 
have  been  fonnd  in  leveral  depositi,  and  others  whose  parent  locality  may 
be  either  Scotland  or  Ireland.  Basalts  and  other  rocks  too  widely  dis* 
tributed  as  rocks  in  the  district  to  be  of  value  in  indicating  lines  of  ioe- 
flow  have  been  ornittorl  from  the  schedule  for  the  sake  or  conciseness  ; 
nor  has  it  been  posiiible  in  these  limits  to  include  the  compass  direction  of 
parent  rocks,  which  will  be  more  easily  understood  by  reference  to  the 
map^^  where  the  distribution  of  a  few  easily  reoognised  erratios  has 
been  indicated.  The  term  '  loose  strong  drift '  is  here  applied  to  localities 
where  the  contents  of  boulder  clay  cliffs  liave  been  scattered  on  the  shore 
by  the  waves  of  the  sea,  as  well  as  to  loose  drift,  which  is  dispersed  over 
headlands  and  mountains.  No.  27  (Carronreagh  Quarry)  offered  a  solitary 
example  of  a  peculiar  rubbiy  deposit  of  augular  fragments.  Shells  are  very 
rarely  found  in  the  local  drift,  bat  microzoa,  especially  ForaiminifBra^  are 
widely  distribated.  Their  occurrence  in  sacfa  elevated  deposits  as  Ko.  3 
(Divis  Mountain)  and  No.  7  (Cave  Hill),  and  their  absence  from  such  a 
deposit  as  No.  32  (Killough)  at  sea  level,  is  noteworthy.  The  boulder 
clavs  at  No.  4  and  No.  7  are  not  typical  deposits,  being  scanty  beds  of 
hard  (  lay  idled  with  angular  fragments  of  chalk,  flint,  and  basalt  only. 

This  invasion  of  the  north-east  of  Ireland  by  an  ice-flow  from  Scotland, 
the  ensuing  conflict  between  Irish  and  Scottish  ice,  and  the  ultimate  lines 
of  distribution  over  Ireland,  offer  a  fascinating  problem  barely  touched 
upon  in  these  researches,  and  urgently  calling  for  farther  investigations  of 
the  drift  deposits  scattered  throughout  Ulster. 

*  The  Nfsrenoe  is  to  a  map  which  will  be  pablkhed  by  the  Belfsst  Kataralists' 
Yield  Cltth. 
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Oeeupaimi  of  a  Talie  ai  ths  Zoological  Station  at  Naples, — Report  of 
the  CommUiee,  oonsisHng  of  FrdSBsaor  W.  A.  Herduan  (Chairman), 
Professor  G.  B.  Howes  (Seeretaary),  Pirofessor  E.  Ray  Lankesteh, 
Profeflaor  W.  F.  11,  Weldon,  Professor  S.  J,  fiiCKSON,  Mr.  A. 
Sedgwick,  and  Professor  W.  G.  McImtosh. 

APrKSOIX  TACK 

I.  Report  on  the  Orrupat  '>o)i  of  the  Tahlf  26U 

a.  On  the  6truHurc  aiul  Derelopnient  of  the  Excretory  Ajjjjuratu*  nf 

Awtpkiaanu.   By  E.  S.  GooOBlOB,  iLA  260 

On  Tn-  natodt't  and  CMtodetpoMuUic  en  Fiikn,  i7y  Kobmah  Mac- 

LAKKN,  h'.sq  2«0 

e,  OntheAl(j{£(tftkeBaytfNietpUt.   J!9y  Min  Anka  ViOKEUS  .  263 

On  tJui  Copepod  Stih-famiUj  jE(idiin<p,  with  a  proposed  Reviston  of  the 
Claittijioation.    By  R.  NottRis  Wolfknden,  M  D.  Cantab.,  F.Z.S.  263 
II.  A  LUt  of  Natttralittt  ivlu)  haw  rcorkedat  the  Xoohtgical  Stationfromthe  end 

of  June  1901  to  the  end  ef  June  1902    267 

m.  A  List  of  Papcn  which  rrere  published  in  tJw  >/t'  ir  1901  by  t?ie  ydturalisU 

teho  have  occupied  Tables  in  the  Zoological  Station  269 

IT.  A  LUt  of  the  PtMieattem    the  Mo^eal  Statten  duHno  the  vmt  ending 

Jnnsdlfttim  270 

Owiva  to  circnmBtanees  which  transpired  in  the  interval  between  applica- 
tion and  the  int»  lul'  d  eonimenoement  of  work  for  which  the  grant  for  1902 
was  obtained,  Messrs.  Wallace  and  Gurney  were  both  rendered  incapable 
of  fulfilling  their  task,  Mr.  Ourney  having  been  forbi(hh>n  by  his  medical 
adviser  to  journey  atield  under  risk  of  injury  to  his  lieaith.  Your  Coni- 
xuittee  report  the  securing  of  substitutes  whose  names  are  given  above, 
and  whoae  work  has  been  in  each  case  a  success.  And  they  are  desired  by 
Mr.  Wallace  to  state  that  he  renews  luB  application  for  the  use  of  a  Table 
during  the  coming  year,  and  that  he  proposes  to  study  *  Variation  and 
Gestation  in  the  Selachii.' 

In  a  letter  received  from  Dr.  Anton  Dohrn,  special  mention  is  made 
of  his  ability  to  endorse  his  surmise  of  1901  as  to  his  intention  of  erecting 
•ad  equipping  a  new  laboratory  for  comparative  physiological  research. 
He  iniforms  your  Committee  that  the  Town  Oouncil  of  Naples  have 
unanimously  voted  an  area  of  land  of  600  square  metoss,  in  immediate 
proximity  to  the  two  historical  biiildinijs  now  in  use,  as  a  site  for  the 
laboratory  aforementioned ;  and  it  is  with  satisfacti(m  that  your  Com- 
mittee are  enabled  to  report  that  funds  sufficient  for  the  undertaking  are 
guaranteed,  through  the  generosity  of  personal  friends  of  Dr.  Dohm,  and 
that  plana  for  the  building  are  now  pre{>ared. 

The  work  of  construction  will  l>e  commenced  in  autumUi  and  it  is 
expected  that  the  laboratory  will  be  finished  and  fully  equipped  by 
Easter,  1904. 

Dr.  Dohm  lays  stress  on  the  fact  that  for  a  very  considerable  contri- 
bution to  t.he  cost  of  the  new  building  he  is  indebted  to  an  English  friend, 
and  your  Committee  re-echo  his  hope  that  this  may  further  cement  the  tie 
with  the  British  Association,  and  that  the  range  of  the  work  of  those  who 
in  future  may  visit  the  Station  on  its  behalf  shall  be  commensurate  with 
the  Station's  increased  facilities  ;ind  growth. 

In  presenting  the  reports  of  the  occupante  of  the  Table  during  the 

82 
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fkresent  year,  your  Committee  desire  to  point  out  that  on  emergen^ 
willing  and  competent  persons  were  but  awaiting  their  appeal.  Reassured 
by  this,  in  applying  for  a  renewal  of  the  grant  they  have  every  confidence 
in  the  future  ;  and  they  are  of  opinion  that  the  increased  facilities  afore- 
named, by  widening  the  field  of  action,  will  more  than  ever  incur  the 
favourable  consideration  of  the  Association's  Board. 


APPENDIX. 

I.  Report  on  the  Occupatloyi  of  the  Table  during  December  1901  and 

Jannary^  Juney  and  July  1902. 

a.  On  the  Structure  and  DercJopment  of  thr  ExciWon/  Appartttue  qf  Amtpkietue, 

By  E.  8.  Goodrich,  M.A.  O.von. 

During  the  latter  end  of  December  1901  and  most  of  January  1902 
I  occupied  the  British  Association  Table  at  the  Zoological  Station  in 
Naples.  I  had  then  the  opportunity  of  examining  the  structure  of  the 
excretory  organs  of  Amphioxus  in  fresh  and  preserved  specimens.  A^  & 
result  of  this  study,  it  was  discovered  that  the  kidneys  of  Amphioxus  are 
not^  as  had  hitherto  been  snpposed  to  be  the  ease,  segmental  tabnki 
opening  by  many  funnels  into  the  omlom,  and  eompawj>le  to  the  excretory 
organs  of  the  higher  vertebrates ;  but,  on  the  oontravy,  that  these  kidneys 
are  in  the  form  of  tubules  opening  only  to  the  exterior  (atrium),  and  pro- 
daced  internally  into  blind  branches.  Moreover,  it  was  found  that  these 
internal  extremities  are  provided  with  numerous  peculiar  cells  (incom- 
pletely described  by  Boveri)  perched  on  the  free  ends  of  long  and  narrow 
tubes,  down  each  of  which  works  a  single  flagellum  driving  the  excretory 
fluids  into  the  renal  canal.  These  cells  exactly  resemble  the  excretory 
oells  (Solenocytes)  whioh  I  have  described  as  situated  on  the  inner 
Uind  ends  of  the  nephridia  of  certain  Polychete  worms.  It  would 
appear,  then,  that  the  kidneys  of  Amphioxus  are,  physiologically  and 
morphologically,  strictly  comparable  to  the  nephiidia  of  certain  Annelida. 

The  results  of  this  work  have  been  embodied  in  a  preliminary  note  read 
last  January  before  the  Royal  Society,  and  in  a  more  complete  and  illustrated 
memoir  published  in  the  '  Quarterly  Journal  of  Microscopical  Science.' 

In  June  and  in  this  month  of  July  1902  I  have  again  had  tho  privi- 
lege of  occupying  the  British  Association  Table  in  Naples,  and  am 
engasod  in  working  out  the  development  of  the  excretory  organs  of  the 
larvM  Phoronis  and  Amphioxvs. 

Beport  on  the  Occupation  ^  the  Table  during  March  and  April  1902. 
(.  On  Trematode$  and  Ctttedet  paraeitie  m  JPithee,  Bjf  Nobmav  llACLim. 

During  the  six  weeks  in  which  it  was  my  privilege  to  work  at  the 
Btazione  ^wlogica  this  spring  I  confined  myself  almost  entirely  to  col- 
lecting materiu  (Trematodes  and  Gestodes)  for  future  anatomical  invesli- 
gatbns.  Upwards  of  two  hundred  fishes  were  examined,  and  nonMcon 

specimens  were  collected. 

One  of  the  most  interesting^  species  obtained  was  a  hitherto  undescribed 
Didymozoon  from  the  gills  of  a  young  Orthagoriscus  mola.  There  wen* 
four  cysts  on  the  same  fish,  varying  in  size  from  1  to  3  cm.  long  and 
about  1  cm.  thick.  The  worms  are  so  intricately  wound  together  that 
it  is  exceedingly  dithcult  to  isolate  a  single  individual ;  but  judging 
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from  Iragmento  from  the  largest  cyst,  each  worm  most  be  from  one  to  two 
metres  long.  Attempts  to  induce  tbe  egge  to  develop  were  quite  unsad- 
oeesfol.  Them  is  a  similar  Didymoioon^alao  from  Orthagorisens— in 

the  museum  of  Genoa  Unh  ersity. 

I  am  at  present  occupied  with  material  obtained  at  Naples,  and  hope 
to  shortly  publish  some  of  my  results.  Appended  is  a  list  of  the  tishes 
examined,  and  I  regret  that  owing  to  other  work  I  have  not  yet  had  time 
to  identify  all  their  parasites. 

I  would  desire  to  express  my  great  obligations  to  the  British  Associa- 
tion for  permission  to  work  at  their  table,  and  also  tO  the  officials  o£  the 
Stazione  Zoologica  for  their  unfailing  kindness. 


Cernua  gigas 
CbryaophijB  aorata 

GlapM  aarita 


Conger  ▼nlgarbi  • 

C!omna  Digra  . 
DentaxgiglM 
Dentex  valgsxis  • 

Gateas  ea&b 

HezanchoB  grisetw 


Labrox  lupus 


LepidopuB  caudatas 

Lichia  glauca 
Lophiun  pisoalnios 
Merlnciua  lupus  . 
Merlucias  vulgaris 
Mngil  cephalm  . 
Mullus  barbatiis  , 
Mttllas  sunnnletus 


Mestelas  hsYis 


Mustelus  iiiaigaris 
MyUobatis  aqoila 


No. 


Belone  acas  .  .  | 
Centrophonu  gcanulo«  | 


4 
1 

4 
3 


8 

8 
1 
8 

1 

3 


j  37 


1 
1 
6 
25 
many 
7 
6 


10 


2 
1 


Paraiiite 


Remarks 


Soolez  sp. 


Distomum  obovatum 

(Ifolin) 
Soolex  sp. .      •  . 

Distomum  raforirido 
(Rod.) 

Distomum  m^astO* 

mum  (Kud.) 
Tetrarhynchos  sp.  . 

Distomum  veleponim 

(Crep.) 
Tetrarhynclius  sp.  . 
Bothriocephalus  sp.  . 
Tetruonchus  sp. 


I  V  Scolex  sp.  . 

Schinothynchus  sp. 


Abundant  in  stomaob 


I 


I- 


Soolez  sp. . 


Scolcx  sp. 
Scolez  sp. 


^Distomviii  mcgssto* 

mum  (Rud.) 
Distomum  • 

Distomum  sp.  . 

ODchobothiium  sp.  . 

\Tetrflrh3'nclui5;  ?p. 
CaUiobotlirium  hli* 

COUe  (Zsch.) 
Tetfarbyndms  tp. 


One  specimen  in  iutos* 

•  tinOi 

yUNmdaat  in  one  sped- 

*  men ;    encjsted  in 
append,  pyl. 

Abundant  in  stomaob* 


One  epeoimen  in  sto- 

.mach. 

In  spiral  fold;  abun- 
dant. 

Two  specimens  in  one 

stomach. 

In  stomach  of  one. 

In  intestine  of  one. 
Seventeen  on  gills  of 

two  speoim^M. 
Ifi  pylonis ;  abundant. 
Ono  specimen  in  intes- 

line. 

In  gall  bladder;  abon- 
daat. 


A  few  in  the  intestine. 
Two  in  tbe  stomach. 


Seven  in  the  stomach. 

Numerous  in  tbe  sto* 

mach. 

Abundant ;  encysted  in 
walls  of  the  stomach. 

In  spiral  fold;  abuu< 
daat. 

Nine  in  the  stomach 

In  spiral  fold  of  ono 
specimen;  abundant. 

Inspixalfold;nomeioas. 
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Oblata  melanara 


OitbagOfiBCttB  mola  . 


Pelamys  sarda  •  • 
fiaja  asterias     •  • 

Bbombas  mazimiis  • 


ScorpBcna  poicus 
Scoifwena  soropha 

Scylliam  canicula  . 
Seba»te9  im}^riali8  . 

Solo  a  vnlparis 
Squat ina  an;ic]us 
Toipedo  iiianuorata  . 


Torpedo  ooellatft 

Trygon  pastinaoa 
Unibrina  cirrbosa  . 

Zeoifaber  . 


No. 


19 
8 

10 


2 
9 

3 
8 

6 
1 


6 
1 

10 


PMMite 


Di-tnninni  obOTatum 

(Molio) 
^Dutomam  nigrofla- 

vum  (Rod.) 
Distoinum  conUNrtam 

(Rud.) 
EchinoBtoma  Ijdte 

(Stow.) 
DidjnMMKxni  tp. 


< 


Tristommn  mote 

(Blanch.) 
I»r)thriorcphalns  ini- 
crocepbalus  (Bad.) 


Anthocephalus  eloii* 
gatus  (Rud.) 
^  Soolex  8p. . 
I  Tetrarbynobas  q>.  . 
\  Scolex  ap. .  • 

(Bothriocephalns  punc- 
tatns  (Rud.) 
Scolex  sp.  . 
Distoinum  rufoTiride 
I  (liud.) 

Distonrnm  graniiliim 
(Rod.)? 


riiyllobothriuni  sp.  . 

Onchobothrium  unci* 

natuiTi  (l{ud.) 
AinphiKlella  torpe- 
dini.s  (Chatin.) 
I  Tetrarhy  ii c }i n  s  '^p. 
\  Pb\']lobolhriuiu  sp.  . 
Distoma  tubnriuni 

(Rud.) 
Botbriocepbalns  ap.  . 


One  in  pbaiynx. 
Sefonin  two  iniMtinca 


Four  in  mouth  ni 
specimen.  j 

In  one  inteatlne;  aba>  | 
dant. 

Four  cysts  on  gilla  fli 
one  specimen. 
One  on  akin. 

Fourteen  in  intestine 
of  one  specimen ;  five 
in  another.  i 

In  lirer  and  mosclai^  • 

Several  in  one  in  test  ioe. 
Five  in  three  atomaiht. 
Several  in  one  intealioe. 


Jn  intestioe ;  abundant. 

In  intestine:  abnndant. 
Seven  in  one  stomach. 


One  in  one  inteBtiae. 


f 


In  spiral  fold  of  one  j 
specimen.  ! 
A  few  in  spiral  fold  of  j 

intestine. 
Numerous  on  g^U*.  | 

,  Numr^roup  in  spiral  fold, 
i  Numerous  in  spiral  fold.  I 
One  in  stomach. 

One  In  Btomacib. 


Report  on  t/te  Occupation  oj  ihc  TaJbleJrom  January  to  Apt^  1902. 
e.  On  the  Alga  iifth%  B^y  o/Ntg^  By  Mias  kvBk  Vicebbb. 

My  work  at  the  Zoplog\cal  Station  in  Kaples  from  the  be^^nning  of 
January  to  April  12  was  chiefly  on  material  I  brought  myself  from 
Barbados.  I  was  able  during  that  time  to  finish  a  certain  number  of 
drawings  for  a  work  which  I  hope  to  publish  on  the  Algcp  of  Barbados, 
It  is  to  be  a  Phycologia  of  the  island,  which  I  intend  to  complete  from  fresh 
material  next  winter  on  my  return  to  Barbados.  Tt  is  not  ea.<;y  to  work 
on  dry  alga^.  They  liave  to  go  through  such  delicate  handlitig.  atid  even 
then  with  ail  the  reactives  used  the  cells  scarcely  get  their  original  .shape 
again.    The  acids  tend  to  swell  the  tissues  to  an  exaggerated  size,  if 
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thflj  an  nol  flopped  in  tliair  dmiloimMiit  joafe  at  the  right  momeDt. 
Thwrcfofe  a%»  pwaenred  in  aloolud  are  mneh  eaaier  to  atndy  and  diaMCt. 

At  the  same  time  aa  I  aketohed  the  Barbadian  algae  of  the  Diotyota 

family  I  had  freah  dictyota  brought  to  me  from  the  Bay  of  Naples,  so  aa 
to  be  able  to  compare  the  structure  of  these  plants  with  the  West  Indian 
species.  The  Barliadiaii  dictyota  an<l  those  of  the  West  Indies  in  general 
are  not  very  well  known,  the  species  Ijein^'  nunierous  and  somewhat  mixed 
up  one  with  another  ;  it  will  therefore  be  an  interesting  t;isk  to  study 
them  more  perfectly  and  try  to  arrive  at  a  system  of  classifying  then: 
more  easily,  which  is  not  a  slight  task. 

I  adDBd  at  Naplea  for  me  ipeotea  of  the  Golle  Al|pe,  principally  Rho* 
dophyea^  and  bad  brought  me  aome  apedmena  of  OhrysymeniA  Tentriooaa 
and  flatonm  cyclocolpa  or  Nemastoma  cyclocolpa.  Thoa  I  was  able  to 
oootiziue  my  study  of  the  algce  of  the  Bay  of  Naplea  at  the  same  timo  that 
I  worked  at  niy  principal  object  of  study.  It  is  a  ^ood  thing  to  have 
plenty  of  work  on  hand,  for  it  would  be  too  monotonous  to  work  all  the 
time  on  dry'  material  without  gettinj^  a  f«^\v  ft  (  sh  ali;:e  now  and  th(  ii. 
The  sta  v,as  often  rough  and  stormy,  ;is  it  generally  is  in  winter  at 
Naples,  and  the  fresh  niateri.il  cuuld  not  always  be  reached,  so  I  was 
cften  very  glad  to  have  my  own  material  to  fall  back  upon  when  the  other 
waa  wanti^. 

I  oooe  more  thank  the  Britiah  Aaaociation  for  the  permisaion  granted 
■e  to  work  at  the  Aaaociation  Table :  it  has  been  a  great  boon  to  me, 
and  I  hope  that  my  work  will  torn  out  to  be  satisfactory  to  the 

algological  world.  It  is  a  difficult  one,  but  I  am  greatly  holped  and 
encouraged  by  Momdeur  Bornet,  without  whose  aid  I  would  not  have 
had  the  courage  to  undertake  such  a  task« 

R^Kirt  on  the  Occtipatton  ofth^  Table  during  April  and  May  1902. 

d.  On  tie  Cbpqfot^  Suthfamily  JEtidiint^f  with  a  proposed  Revision  oftkt 
dattyteMm,  By  B.  Nohrm  WoLFavnav,  MJ),  Cantab,, 

The  Faroe  Channel  ia  eapeoially  rich,  amongst  Copepoda,  in  examplea 
ol  the  sub-family  j£lidiin<e.    Several  of  these  are  new  apeoiee,  and  daring 

the  author's  plankton  investigations  in  this  region,  extending  over  a 
period  of  three  years,  he  has  met  with  several  forms  of  grfat  interest. 
While  the  author's  results  remain  as  yet  unpublished,  pending  the  con- 
clusion of  his  work,  Professor  G.  U.  Sars  has  lately  published  an  important 
work  dealing  with  the  Crustacean  fauna  of  Norway,  in  which  he 
describes  some  of  these  new  Co|>epod  forms.  It  appeared  to  the  author 
that  the  larse  anb-iamily  jSiidtina  reqaired  reriaion,  and  through  the 
ooerteey  of  theConncil  of  the  Britiah  Anodation  and  of  Fh>feaaor  Bohm 
he  was  in  May  1 002  allowed  the  privilege  of  occupying  the  Aaaociation 
TaUe  at  the  Naples  Zoological  Station,  where  he  had  the  opportunity  of 
examining  in  detail  theCopepod  preparations  made  by  Dr.  Giesbrecht  and 
comparin<i:  with  his  own  Faroe  collections.  To  Professor  G.  B.  If  owes 
and  l>rs.  AnUm  llohm,  Eisig,  and  Giesbrecht  the  author's  warmest  thanks 
are  due. 

The  character  of  the  sub-fauiily  yEtidiuKU  are  suthciently  well  set 
fnth  in  Br.  Qieabrecht's  great  work  (*  Fauna  ii.  Flora  Neapel 

It  ia^  however,  evident  that  the  aegmentation  of  the  net  cannot  be 
emplojed  aa  a  definite  factor  in  the  dawifination  of  genera.  For  instance 
in  the  genua  MUdem  which  compriaea  the  well-Imown  apeoiea  jEt/HtuB 
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armatus^  we  must  now  recognise  a  species  of  southern  or  Mediterranean 
origip,  in  which  the  endopodite  of  the  second  foot  oonnsts  of  only  one 
segment^  while  in  the  Faroe  Channel  and  northern  regions  a  species  very 
closply  congeneric  has  a  definitely  biarticulate  endopodite.  Other  points 
of  difference  pxist  in  the  character  of  the  rostrum  and  the  spinv  pro- 
longations of  the  last  thoracic  segments,  both  of  which  in  the  southern 
species  are  much  stronger.  Possibly  a  third  species  of  uEtideus  exists  in 
the  examples  recorded  by  Brady  from  the  Indian  Ocean  and  described  in 
the  '  Challenger '  reports  ;  but  this  speoiea  mnst  for  the  present  remain  in 
doubt,  since  it  has  not  been  met  with  again.  The  author  would  remark 
that  in  a  collection  of  Copepods  mnHo  by  Mr.  J.  Stanley  (Gardiner  in  the 
Maldive  Islands  and  forwarded  to  him  for  examination,  he  has  not  met 
with  a  single  example  of  jEtideus. 

Similarly  in  the  genus  GindiuB  (Giesbrecht)  there  is  one  speeief 
having  a  nniartienlate  endopodite  of  the  second  foot,  and  another  species 
in  which  this  ramus  is  biarticulate.  The  exopodites  of  the  first  feet  also 
show  irregularity  in  their  segmentation.  For  instance,  the  genera  , 
j£(ideu8,  Jh'(i(i>/irlins^  Jinja.rin,  Chiridhis^  have  this  appendage  tri- 
articulate,  while  in  Guidius  and  (joftanns  it  is  biarticulate,  or  in  one 
species  of  the  latter  {G.  armiger)  three  jointed. 

The  appendages  of  the  first  basal  joint  of  the  fourth  pair  of  fiiet  become 
of  importance  genetically.  In  his  original  description  ol  the  genus  Gunditu 
Giesbrecht  had  already  remarked  upon  the  peculiar  transformation  of  the 
bristles  of  this  joint  into  lamollnr  appendages,  as  transitional  to  the 
spines  of  Enrlnr^Jh.  These  moditied  bristles,  which  appear  to  be  hollow 
tubes,  are  very  characteristic  of  the  genera  GaidiuA  and  (joftanus.  They 
are  replaced  by  spines  and  teeth  in  uie  genus  SuehireUa,  The  character 
of  the  rostrum  and  its  presence  or  absence  appear  to  form  a  satisfaetoiy 
basis  for  the  classification  of  the  genera  of  the  sub-family  ^iidiina^  and 
have  been  adopted  in  the  present  scheme. 

Recently  Professor  Sars  hn^  expressed  the  opinion  that  the  ltpiuis 
Gaidius  (Giesbrecht)  should  be  abolished,  and  he  has  considerably 
extended  the  genus  Chiridiua  by  inclusion  of  three  species  (C/i.  fenut-* 
ipinut,  Ch.  obiwifirmiBf  and  Ch,  armatuB),  But  the  genus  as  originally 
proposed  by  Giesbrecht,  to  include  the  only  species  known  as  yet,  vis., 
Ch.  fioppeiy  appears  to  ditter  very  considerably  from  Sars*  p^enus 
Chiri'lins  ;  and  one  of  the  latter  species,  viz.,  Ch.  trnuiitinniiH  (Sars), 
is  undoubtedly  identical  with  Giesbrecht  s  Gaidius.  One  essential  point 
of  generic  difi'erence  is  the  absence  of  a  rostrum  in  Giesbrecht's  genus 
€hiridiu8f  and  its  presence  in  two  at  least  of  Bars'  species  ((7A.  tenuupinu$ 
and  Ch.  armaiits).  Professor  Sars  lately  had  the  kindness  to  forward  to 
ne  examples  of  these  three  Copepods  from  his  own  collections,  and  from 
a  comparison  of  Giesbrecht's  preparations  T  have  no  doubt  in  afhrming 
that  Chiridliis  ff'7inisjn7iii»<.  Sars,  is  identical  with  Giesbrecht's  Gaidiiis, 
and  witli  specimens  which  the  author  had  described  previously  as  Gaidxug.^ 
In  addition  to  the  presence  of  a  rostrum,  the  bristles  of  the  first  basal 
joint  of  the  fourth  pair  of  feet  are  modified  into  tubal  procenes  exactly  ss 
in  Gaidiut  puitrjrn^  (Giesbrecht). 

The  genus  C/t  iriditt/t,  as  at  first  proposed  by  Giesbrecht  ('  Fauna  ii.  Flora 
Keapel,'  v.  19),  inciude<l  only  one  species.  It  differs  from  all  other  genera 
of  this  group,  in  the  fact  of  the  outer  branch  of  the  posterior  antennse 
being  twics  as  long  as  the  inner,  and  in  the  presence  of  only  eight  l»istles 

I  See  J0vm,  Jfrit.  Marine  BhU  Auoc.,  1901. 
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on  tlie  oropodite  of  the  maxilla.   It  is  fbither  witlioat  any  trace  of 

rostnim,  and  is  a  Biiiall  creature  of  only  1*8  mm.  length.  It  appears 
to  be  so  genorically  rlistinct  from  the  northern  forms  included  by  Bars 
in  this  genus  {i)ue  of  which  is  undoubtedly  a  Oaidius)  that  it  appears 
more  satisfactory  to  retain  the  generic  name  Chiridins  for  the  one  species 
(C/i.  pojtpei,  Gbt.  I  for  which  it  was  origiDallv  created,  and  to  place  the 
MHthem  fdrmti  all  of  wbieh  are  two  or  three  timee  the  aiie  of  the 
Mediterranean  epeci^s,  in  another  genus.  These  varione  genera  will  gronp 
themselves  naturally  in  the  following  manner : — 

A.  With  a  two-pointed  rostrum. 

JSHdetu,  Brady,  Ptmdtftideus  (noT.'gen.),  Bradyiditu,  Gbt. 

B.  With  a  one-pointed  rostrum. 

G'aidiust  Gbt.,  (joetanun^  Gbt.,  Chiruwlina^  Gbt. 
Undmtchfeta,  Gbt.,  EuckMia,  Qht. 

C.  Without  rostrum. 

C/i  irifiius,  Gbt.,  Bryaxis,  Sars. 

TTndor  this  .scheme  the  genus  Chiridins  (Sars)  tlisappears  and  a  new 
genus,  I'Heudofidf'us,  is  Rugfjested,  which  includes  Sars  species  Chiridius 
annatuf*^  anrl  another  entirely  new  species  discovered  by  the  author  in 
the  Faroe  Channel  Bars'  Chifidiut  tentCMptnua  is  removed  to  its  true 
fiMnily  ^airftus,  and  his  Ch%ridift§  obluaifrons  should  more  properly 
peiliaps  be  regarded  as  a  Chtridimt.  There  does  not  seem  to  be  sufficient 
reason  to  (^xchan^c  the  name  Jiradyidius  (Gbt.)  to  Undinoptit  (Sars),  and 
the  former  is  theroforo  retained. 

Vanhoffen  (in  Gronland  Expedition,  1891-9.3,  Berlin,  1897,  Copepoden, 
vi.  Kapitel,  p,  279)  described  very  briefly  a  Copepod  captured  in  Green- 
land, which  he  regarded  as  identical  with  PseudoealanuB  armaiug,  Boeck, 
but  three  times  the  size.  Only  one  male  was  found  in  forty-five  animals 
taken.  But  the  prolongation  of  the  last  thoracic  segment  into  lateral 
spines  removes  it  from  this  genus.  The  author  has  met  with  one  $ 
example  of  this  Copt-pod  in  liie  Faroe  Channel,  but  feels  unable  to  place  it 
generically,  in  the  absence  (jf  $  examples,  which,  according  to  the  general 
rale,  may  differ  widely  as  regards  the  rostrum,  proportions  of  the  body, 
and  character  of  the  month  parts. 

Of  the  different  genera  and  species  of  the  sub -family  jEHdiifue  the 
following  occur  in  the  Faroe  Channel  or  off  the  coast  of  Norway : — 

ulltideus  tennirostris     .       .   a  surface  form. 

Pseudstideus  armntus  .       .  ^  found  only  in  deep  water,  beTow 

multiserrata    ,  (    100  fathoms. 

Bradyidius  armatus      .       •  1  u         *        •    v  ii 

similis  '  ^^^^  forms,  in  shallow  waters. 


pungens  .      .      .1  deep-water  forms,  below  100 
I,     boreale  •  j  fathoms. 

Gaetanus  armiger  .      .      . )  ^.^^^ 

„  miles 
Buchirella  rostrata 
„  carinata 

Chiridiu.  obtuiifion.  . 


ditto. 
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Undeucfueta  and  Chirundina  have  not  yet  been  met  with  in  northern 
watens,  and  Chiridins  poppri  appears  to  be  exclusively  a  Mediterranean 
species.  PseudiPtidens,  (Jniditis^  Ga^tanuft,  Eiichirrlla  appear  not  to 
approach  the  coasts,  the  only  genera  which  do  so  being,  apparently, 
^mlnM  and  Sraifyidiut, 

The  flcheme  wluob  foUows  is  the  merest  oatline,  and  will  be  more  fully 
elaborated  miboeqneiitiy  in  a  monogimph  dealing  with  the  Oopepoda  of  the 
Faroe  CThannel. 

A.  ff«»d  with  a  two-poinied  rasirutn.^ 

I.  First  joint  of  exopodite  of  the  f  rst  foot  icithout  external  spines. 

1.  Last  thoracic  segment  produced  into  strong  spines.    Rami  of 

mandible  and  posterior  antennae  nearly  equal.  Ba^al  joints  of 
meterior  foot^aw  equal  and  endopodite  two-tliirda  as  long. 
Endopodite  of  fint  foot  one-jointed ;  of  second  foot  one  or 
two  jointed ;  bristles  of  first  basal  of  fourth  foot  simple 
=genus  ^£fidfitft  (BraHy). 
Three  species — .£t.  annaluii,  Ubt.,  JSt,  tenuiro^iris  (n.  sp.), 
hradyi  (Brady). 

II.  First  joint  of  exopodite  of  first  fot^  wUh  an  eostemal  iQMfie/ 

tJwracic  sjnnes  on  last  segment, 

2.  Outer  rami  of  posterior  antennae  and  mandible  longer  than 

inner  ;  second  hasal  of  posterior  foot-jaw  longer  than  the 
first,  endopodite  only  one-half  to  one-third  as  long  as  the 
second  basal,  inner  ramus  of  first  foot  one-jointed,  of  socond 
two-jointed.  Bristle  of  basal  of  fourth  foot  simplesrgenos 
PtgwitMhui,  nov.  gen. 
Two  speoies — Panid*  armahu  {Chiridiua  amnatutt  Sars),  PmuL 

mtdtisfrrofn,  n.  sp. 

3.  Anterior  antenme  with  thit  k  basal  joints,  tapering  distally, 

twenty-four-jointod,  and  densely  clothed  with  long  cross- 
ringed  bristles.  Endopodite  of  posterior  foot-jaw  litUe  more 
than  half  as  long  as  the  second  basalcsrgenns  BmtMd6u$t 

Two  species— R  armaius,  Gbt.  {UndinoptU  bnufyi,  Sara), 
$imUi$  {Und,  nmilia,  Sara). 

B.  Head  wUh  a  thoH  ont-pointed  rotinim. 

I.  LaH  ihoraeie  tegments  produced  into  spines  or  angtdar  prooettM^ 

4.  Outer  rami  of  posterior  antenuiu  and  mandible  longer  than  inner, 

second  basal  of  posterior  foot-jaw  three  to  four  times  as  long 
as  endopodite,  enter  ramus  of  first  foot  of  only  two  or  of 
tiireesego^^'nts  ;  inner  rami  of  second  foot  one  or  two  jointed, 
first  basal  of  fourth  foot  Avith  bristles  replaced  by  tubal 
processes^ genus  Gnidius,  Gbt. 

Two  species — 6'.  pungens  Gbt.,  G,  boreale  (n.  sp.)  (Chiridiut 

tenuispinitSf  Sais). 
6.  Head  with  obaraoteristic  dorsal  spine ;  other  ohamietera  like 
Oudiussgenns  QaelanuSf  Gbt 

Two  speoies— V.  armigtrf  Gbt,  G,  tniUs,  Qbt 

'  The  speoies  dlsgncsls  if  oflnitte^  la  this  Bsport. 
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6.  Lut  tfaomoic  augment  prodaoed  into  blunt  angles,  not  spuMi. 
Outer  Imnch  of  pocterior  antenns  twice  at  long  as  innMr, 

endopodite  of  posterior  foot-jaw  only  quarter  as  long  as 
second  basal  ;  first  basal  of  foortli  loot  almost  nakodasgexms 

Ch  \  ru  ndina,  G bt. 
One  species — Ch.  titreelsiii  Gbt. 

II.  Last  thoracic  tegmenta  rounded^  not  produced  into  epinea  or  anglet, 

7*  Head  with  or  without  a  crest,  outer  rami  of  posterior  antennae 
not  twice  as  lonj;  as  inner,  exopodite  of  the  maxilla  small, 
and  its  middle  bristles  the  shortest.    Endopodites  of  drst 
and  second  feet  one-jointed = gen  us  UtideuchaiOf  Gbt. 
Two  Fpecifls — U,  nuyoTf  Gbt.,  U.  mtnor,  Gbt. 

8.  RosUum  sometinies  absent   Oater  rami  of  posterior  antennie 

two  to  four  times  as  long  as  inner.    Head  sometimes  with  a 
crest.     Endopodito  of  first  and  second  feet  one-jointed. 
First  basal  of  fourth  foot  armed  with  characteristic  spines 
=genus  Eiu^hirellay  Gbt. 
Species —  Vide  Giesbrecht  u.  Schmeil,  '  Thierreicb,'  p.  35. 

C.  Head  icithout  rostrum. 

9.  Outer  branches  of  posterior  antennee  and  mandibles  twice  as 

long  as  inner  ;  endopodite  of  posterior  foot-jaw  not  half  the 
length  of  second  basal ;  exopodite  of  maxilla  with  eight  to 
ten  bristles ;  exopodite  of  fiist  foot  with  three  segmentSi  first 
ssgment  witii  bnsfcle ;  endopodite  of  first  foot  one-jointed, 
of  second  one-jointed  (trace  of  articulation) ;  third  and 
fourth  foet  three  or  two  jointed  ;  basals  of  fourth  foot  with 
simple  basis=:genus  Chiridins.  (^bt. 

Two  species— CA.  popjyi,  Gbt.,  Chiridim  ohtuaifroiis  (Sars). 
10.  Thorax  ending  in  acute  upturned  lappets.  Anterior  antennie 
shorter  than  thorax,  densely  bristled.  ItUMr  laaras  of  pos* 
tenor  antennee  more  than  twice  the  length  ol  outer,  and  only 
six-jointed.  Posterior  loot-jaws  with  senaoiy  appendage  on 
first  basal = genus  BTt/axiSf  Sars. 

One  species — M.  brevicomia,  Sars. 


n. — A  lAat  of  JltaHniiraUtU  who  hone  worked  at  Ike  JSbologieol  SUOion 
firm  Ike  end  ifJum  1901  to  the  end  of  June  1902. 


1 

Nnm- 
ber  on 
List 

MAiuralist's  Name 

State  or  University 
whose  Table 
was  made  QM  o( 

DuraUoa  of  0cGt9«iiqr 

Arrival 

DepaiinFe 

1  1256 
)  1266 

'  1257 
;  1258 
1  1259 
1260 
1261 
1262 
j  1263 
1264 
1266  1 
1S66  1 

Prof.  A.  Dogiel. 
Dr.  J.  Rioja  y  Ifsrtin 
Prof.  S.  ApiUhy 
Dr.  V.  Ariola  . 
Prof.  F.  Raffaelc 
Dr.  F.  Bottasd . 
Dr.  J.  Bocke    ,  , 
Stud.  E.  Woilf  . 
Dr.  B.  CrisafOlU 
Dr.  A.  Kouliabko     .  j 
Dr.  ¥.  Mazza  . 
Dr.A.  Bethe    .      .  j 

Biusia  . 
Zoolog.  SUtlon 
Hungaiy  • 

Italy 

M                    •              .  « 

K                      •               •                *  1 

Holland  . 
Wurtembeig  . 
Italy 

Russia    •      •      .  j 
Italy 

Strasborg  • 

July  6,1901 
1 1 

i»  II 
1,  26. 
II    ^^0.  „ 
30,  „ 
Aug.  S,  „ 
t*     6,  „ 
1,  21i 
II    16.    ft  i 
„    23.    .,  1 
„    26,    „  1 
H   28    „  i 

July  8,1901 
Mar  10, 1902 
Sept.l3, 1901 
Oct.    9,  „ 
Nov.  17,  „ 
Sept.16,  H 
Nov.  2,  „ 
Sept.20,  „ 
May  23,  „ 
Sept.  14,  ., 
15 

ti  ,1 
Oct.  24    „  1 

^  lyui.    1  y  Google 


268  KEPORT— 1902. 


A  Lnt  07  NATOBAUSn— MuMffiml. 


Num- 

State or  UniTeraiiy 

Dnralion  of  Oooapancy 

ber  on 
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wheM  Table 
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1  Departs 
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1267 

—       -  -  -   ,  

I'ruf.  P.  Francotte 

Belgiam  . 

.  '  Aus.  29, 1901 

Oct.  19.1901 

1268 

Dr.  P.  Snriqafss 

Italy 

.    .1  H  ao. 

1* 

f.  18. 

II 

12«9 

Dr.  M.  Sohmldt 

Proala  . 

Sept.  1, 

Sept  4, 

n 

1270 

Prof.  K.  Sanfclire 

Italy  . 

Nor.  15, 

ft 

1271 

Prof.  A.  Kusso  . 

«•  • 

».  2, 

Oct.  16. 

1272 

Prof.  J.  Cxokor . 

Austria  . 

>» 

.,  14, 

ft 

1273 

Dr.  F.  Uarino  . 

Italy 

•f  IS. 

n 

Nor.  7, 

It 

1274 

Stud.  Andrcae  . 

Switzerland 

e  A 
M  19, 

t» 

Oct.  Iff, 

I. 

1275 

Stud.  Micscher. 

»» 

».  19t 

It 

f,  15. 

If 

1276 

Hias  N.  Stevens 

American  Women^ 

Table 

11 

Apr.  5,1902 

1277 

Mr.  £.  G.  bcbu8t€r  . 

Oxford  . 

•  • 

ft 

•t 

June  16, 

»• 

1278 

Dr.  B.  TeidmuiDn 

ProMta  . 

•  • 

n  16. 

>* 

Apr.  12. 

If 

1279 

I*rof.  T.  Bovtri . 

Bavaria  . 

n  1». 

H 

Apr.  2.3, 

ft 

1280 

Dr.  H.  Driesch  . 

Hamburg 

:  : 

2C, 

•  1 

1.  12. 

If 

1281 

Dr.  C.  Herbst  . 

Baden 

•  • 

..  26, 

M 

.,  20, 

If 

1282 

Dr.  G.  Tavaro  . 

Italy 

•  e 

Nov.  1, 

W 

Folk  28, 

ti 

1283 

Baron  J.  v.  UexkiUl  . 

Prussia  . 

e  • 

»♦  ^» 

M 

1284 

Dr.  Scbiicking  . 

Pyrmont . 

e  • 

23, 

1. 

Jan.  7, 

ff 

12«6 

Dr.  V.  Dnngeni . 

FniMia  . 

•  • 

Dea  2, 

n 

Apr.  12, 

H 

1286 

Dr.  A.  liomanf) 

Italy 

•  • 

It  8. 

t* 

Mar.  15. 

fl 

1287 

Dr.  Creswell  Shearer 

Cambridge 

*  • 

ft 

1288 

Prof.  L.  Bolk  . 

RoIUind  . 

M  7, 

1, 

Jan.  S2, 

ft 

1289 

Dr.  C.  H.  Kappcrs 

»>  • 

:  : 

»»  9, 

ti 

Mar.  4, 

M 

1290 

Mr.  E.  8.  Goodrich  . 

liritith  Auociaticm . 

n  10, 

t» 

Jan.  10, 

II 

1201 

Dr.  G.  lllig 

Saxony  . 

•  ■ 

H  30, 

I* 

Mar.  3, 

tf 

1292 

Dr.  A.  Natbansobn  . 

>•  • 

•  e 

Jan.  1,19<» 

1293 

Dr.  M.  Sciiiti    ,  , 

Italy  . 

•  e 

1. 

** 

1294 

Dr.  G.  Jatta 

n  • 

e  • 

H  1, 

n 

1196 

Dr.  O.  Taglianl . 

n  • 

1. 

It 

1296 

Dr.  V.  Diamare 

»  • 

•  • 

H  1. 

ft 

1297 

Dr.  U.  Pierantoni 

•  • 

1. 

t« 

1298 

Prof.  T.  d'Bvant 

• 

1, 

» 

1299 

Dr.  G.  llosfi 

•  • 

•*  1* 

II 

1300 

I'rof.  C.  Gioffredl  . 

»» 

1, 

f 

1801 

Dr.  Presahn 

Prussia  . 

•  • 

u  1, 

If 

June  1, 1902 

1302 

Miss  A.  Vickert 

British  AiteciatioH, 

n 

Apr.  18, 

»l 

1303 

Pruf.  H.  Rabl  . 

Anstria  . 

•  • 

n  li. 

•• 

Mar.  3. 

ff 

1304 

1  Dr.  K.  Issel 

Italy 

•  • 

22, 

-  1 

June  8, 

W 

1806 

Mr.  L.  Donoatter 

Gambrid^ 

•  • 

ITeb.  18, 

•t  1 

130G 

Dr.  .\.  Ernst 

Switzerland 

•  • 

20. 

»  1 

Apr.  10, 

tt 

1307 

Dr.  £.  Godlewski  . 

Austria  . 

21, 

»« 

1308 

Dr.  M.  Bedot  . 

Switzerland 

„  2(i. 

ft 

Mar.SS, 

ft 

1309 

Dr.  R.  Magnus  . 

Hesse 

•  • 

Mar.  4, 

II 

Apr.  22, 

ff 

1310 

Dr.  0.  Cohnhelm 

Zoolog.  Station 

ti 

.1  22, 

tt 

1311 

Dr.  C.  Prentiss  . 

Smithsonian 

Insti- 

tiitlon  . 

7. 

w 

1312 

Mr.  X.  Maclaren 

.  Uritvih  AMtBd 

Mm! 

•*  8« 

n 

Apr.  22, 

II 

1313 

Dr.  K.  Woltereck 

•  Pnuaia  . 

H. 

ft 

»»  9, 

If 

1814 

Dr.  W.  KotaMiberg  . 

t  Bavaria-. 

f    „  16. 

If 

H. 

tt 

1315 

Prof.  Hess 

[    n  IS. 

ff 

It  4. 

ff 

i3it; 

Prof.  0.  Zur  Strassen 

Saxony 

.  18. 

n 

«l 

1317 

Dr.  H.  Winkler. 

Wiiriemberg 

.  24. 

If 

«»'> 
,1  "—t 

tf 

1318 

Dr.  J.  Tandler  . 

>  Austria  . 

1  27, 

II 

May  81, 

tt 

1319 

Dr.  T.  Tobler  . 

1  Prue.via  . 

1  28, 

II 

1320 

Prof.  K,  Kostaneoki . 

\  Austria  . 

»  Apr.  1, 

ft 

May  6, 

II 

16tl 

Dr.  B.  YfoUmdun.  . 

1    n  2, 

II 

.1  1. 

II 
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Nam- 

• 

State  or  UniverBity 

Dpratiqn  of  Occapancy 

b6r  on 



WMI  THBltll  tUM  of 

Airiral  1 

Departare 



1322 

rroi.     Juim          .  ( 

V#  aI  %w\ 

Deifi^iuin  .      .  . 

Apr.    2,  1902 
* 

May  22, 1902 

lazd 

rtOt.  Li.  AlU8K6n8 

noii&uu  ... 

Apr.  25,  H 

18Z4 

rfOT.  TT.  CSGIleWiaKOIC  | 

Haww    •       •  < 

ti  ' «t 

Dr.  W.  Jichwcyor 

»•         .       •  . 

tf     ^»  »t 

lo2n 

UT.  U.  oOQKaCCJlOIZ  . 

..  ... 

id27 

UT.  V.  AaamrO  ■ 

icaiy       ■       *  • 

May  15,  „ 

1  ISZo 

jjr.  de  uroot  . 

Moiiiina  «       .  • 

»»  •24, 

Jane  11, 1808 

1  roi.  i\ .  I  aiiuaine  . 

AUASla  ... 

1330 

Dr.  K.  Derjugin 

ff  ... 

Jimo.ll,  ^, 

1381 

Prof .  T.  H.  Iforgiii  . 

Smithsoiiiaii  Insti- 

tutlou  . 

1  1332 

Dr.  R.  Dalla  Vedom. 

Italy 

I*  16* 

N    'IBt  •«* 

1338 

Stud.  8.  Awerintoff  . 

1331 

Stud.  V.  Do^el 

... 

H      3^  H 

1333 

Mr.  £.  S.  Goodrich  . 

1  JSritUh  Attooiation . 

•«    •31»  M 

III.— il  ii*/  o/ 

U.  Pnibnun 

U.  Wcinland 

n 

D.CSftiusl 
M.  Heme 


A.  Onodi 
F.  Bottuii 


T.  Duigtni 

M 

F.  OipoViaiieo 
CHwbfl 


Paper§  which  toei'e  publisJied  in  the  if  ear  1901  hy  the 
who  have  occupied  TabUe  in  the  ^oUoffical  SkUion, 

.  ExperitDentcUe  Studien   dber  RegenerttUoD.    Aroh.  f, 

Entw.  Mcchanik,  11  Bd. 
.   Zur  MagenverdaauDg  der  Haiflsohe.  Zeitschr.  f.  liiolugie, 
41  Bd. 

.  Ueber  den  Qlykogengehalt  eioiger  paxasitUcher  WOnner. 

Ibid. 

.  Stadi  sai  Ifolliuohi.    Intern.  MonatMohrifb  f.  Anat.  v. 

Physiol.  18  Bd. 

.   Ueber  ein  Vorkommen  freier  AftparagioBtkire  im  thieri- 
M^en  Organismiis.  Ber.  d«iitw»ie  (%ein.  Oes.  Jgg.  34. 
.  Zur  Kenntniss  des  Hamocyaaina.* Hop|ie*Sflgrlar'« Zeitaehr. 

f.  Phys.  Chtmie,  33  Bd. 
.    Ueber  den  Kupfergehiilt  der  Ccpbalopodenlebor.  Il/id. 

•  Die  Enutehang  des  Dottersackentoblasts  and  die  For* 
chun<]rbpi  neloneacna.  Interoat. Monataacbr.  1  Aiiat.a. 
Physiologic,  18  Bd. 

•  Das  Ganglion  oiliaie.   Anatotn.  Anseiger,  19  Bd. 
,   Contributi  alia  flsiolnpa  comparata  della  digestione. 

Arch.  Biologia  norm,  o  patologica,  Anno  54. 
.   Ueber  dfe  Tnn«rvatlon  des  Hersens  700  Scyllium  canicula 
u.  Maja  squinado.    Centnilblatt  fiir  Pbysiologie,  1901. 
.    Die  I'rsachen  der  Specietiit  bpi  (U.t  l!efrur)itnng.  Ibid. 
.    Neue  Versuche  zur  Physiologie  der  Utfruclitang,  I.  u.  H. 
Zeit«chr.  f.  allgem.  Physiologie,  1  Bd. 

•  Della  influenza  di  agenti  fiaicc-cliimici  sovra  la  Pcrita- 
bilit^  dei  nervi  e  dei  muscoli  lisci  negU  lovcitcbratL 
Atti  R.  Aoead.  8c.  fib.  e  aiat.  Napoli,  vol.  10. 

Ueber  die  zur  Entw  ickelung  der  8eei^'ellarven  nothwen> 
digen  anorganischen  Stotle,  ibre  Bolle  und  Vertretbar* 
keit.  II.  Tbeil.  Arch.  f.  Bntw.  Mechanik,  Roux. 
11  Bd. 

,  Ueber  die  Regeneration  von  ant^nnenUhnlioben  Oxganen 
an  Stelle  von  Augcn.    V.  Ibid.  13  Bd. 

•  8al  sistema  nervoso  aottinteitinale  del  Mfriapodi.  Bendie. 
R.  Acc.  Lincei,  vol.  10. 

.   Un  nido  di  Joins.   ZooL  Anzei^^er,  24  Bd. 
.  SaUa  looomosione  dei  MihapudL   Atti  Soa  Ligustica. 
TOl.  IS. 
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RBPO8T-*1908, 


H.  JbrdM  • 

T.  H.  Morgan  . 

P.  Bottanl  and  F.  Snri- 
quea. 

Rasto  • 

V.  Diamare  . 

U.  Fienntooi. 

R.  Woltereck . 

Jl.  Siedleoki  . 

K.  Meyer 

J.  von  UezkOU 
W.  btraab  • 

B.  8.  Goodrich 
J.Boektt.  • 

O.  Coboheim  . 

JB.  BiggenbMh 
H.  Miehe 
H.  Winkler  • 
O.  von  FOrlh  • 
UFredeiicq  • 

F.  BnriqtMa 

7.  Ariola 
F.  8.  Hontioem  and  8. 

Lo  Bianco 
F.  S.  Monticelli  . 
L  DoDcastcr  .      .  • 


Die  Physiologie  der  Locomotion  bei  Apljaia 

Dissertation,  Zeitschr.  Diolog.  41  Bd. 
The  factors  that  determine  Regeneration  in  AntermaLuu, 

Biological  Bulletin,  Boeton,  vol.  2. 
Ueber  diu  Bedintrungen  des  osmotischen  GleichgeTicht^ 

bei  Wassertbieren.   L  Die  ownotiscben  Eigcoscbaften 

der  Magenwand  der  Aplysien.   Arch.  Anat.  u.  PhvsicU 

Physiol.  Abtb.  1901. 
Sallo  sviluppo  doir  appnrnto  madrefMrioo  di  f  nt«ly> 

Nota.  Zooi.  Auzeiger,  2i  Bd. 
Cirti  epiteliali  nel  ooeUetto  pancreas  del  PetromizonU. 

Bendio.  Oonv.  Unionc  Zoolug.  Ital.  N«poli.  1901. 
Sopra  una  nuova  specie  di  Oligoohete  »T*Bri^5>  (Boekj- 

trsQOS  inaGrocbu}tu:i).  Ibid, 
Ueber  deo  feineren  Ban  der  PolygordinilarTeder  Kordaee, 

etc.   HahUitationnobrift,  Leipilg,  1901. 
Sur  les    rapports  des  Gr^j^arines  avec  I'epitbfiinm. 

Comptes  Kendus  Uebd..  Hoc  de  Biologie,  Tome  58. 
Stndien  ftber  den  Korperban  der  Anndiden.  Mittib. 

Zool.  Station,  Neapel,  14  Bd. 
Die  Schwimmbewegangen  von  Rhizostoma  palmo.  PnA, 
Zvir  Physiologie  des  Aplysieoberzens.   Archiv  f .  d.  gex 

Physiologie,  86  Bd. 
Tozicologische   Untersucbungen   an  Stiaehietlnum. 

Zeitscbr.  f.  Biolorrie,  42  Bd. 
On  the  structure  and  attinities  of  iSaccocirrus.  Qaift 

Jown.  Mior.  8a,  vol.  44. 
Die  Bedeutungdes  Infundibulums  in  der  EntwidcalaBg 

dor  Knochenfische.    Anatom.  Anzeifrer,  20  Bd. 
Versucbe  iibcr  Resorption,  Verdauung  and  Stoffwecb«ei 

von  Bchinodermen.    Zeiteofar.  f.  PhysloL  Gbenie. 

33  Bd. 

Beobachtungen  ubei  Selbstvenliimmelttiig.    ZooL  An* 

zeiger,  21  Ikl. 
Crafmla  intrudens,  ein  nener  mariner  KlageUat 

(1put?rlie  Botan.  CSes.  19  Bd. 
l^cber  Meiogonic  und  Befruohtang.    Jahrb.  1 

Botan ik.  a 6  Bd. 
Uebcr  G  ly koproteide  niedefer  Thiers.  Zeiteofar.  f .  d.  gsi. 

Biocheinie,  1  Bd. 
gur  la  concentration  mol6culaire  du  sang  et  des  tis^us 

chez  les  animaux  aquatiques.    Bull,  de  TAcad.  Roy.  de 

Bclgiqae,  No.  8. 
11  fegato  dei  MolluFchi  e  le  and  fnniionL   Mitth.  ZooL 

Station,  Neapel,  15  Bd. 
La  pseudogamia  osmotica  nel  Dentalium  entalis.  Jkid. 
Communicazioni  sui  Pcneidi  del  Golfo  di  NapolL  Moal* 

tore  Zoolojjico  Italiano,  Aimo  Xil. 
tJova  e  larve  di  .Solenooera  siphonocera.    Phil.  Ibiti. 
Notes  on  the  development  of  &igitta.   Proc.  Cambridgt 

FbiV8oc,Tol.  n. 


IV. — A  Liii  qflhe  FtMicationa  of  the  ZooJogiml  Sktiion  during  the  ymt 

ending  Jum  ZQ,  1902. 

1.  *  Winna  nnd  Floia  des  Golfes  von  Neapel,*  monogn^  List,  Ifytilids^  to 

be  published  in  the  autumn,  1902. 

2.  '  Mittl.eilungen  aus  der  zoologiscben  Station  zu  Neapcl.'  Vol.  xv.  parts  1  to  3, 
wiU)  lU  plates. 

8.  <  Zoologisoher  Jahiesbericht'  for  1900. 

4.  •Childa  to  the  Aqnarinm.'  A  new  SngUsh  edition  has  been  published. 
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JV'Vedhjations  made  at  the  Manine  Biological  Ijahoratory,  P^mouth. — 
Export  of  the  Committee^  consisiimj  of  Mr.  W.  GarSTANG  {Chair^ 
man  and  Secretary)^  Dr.  E.  Ray  Lankester,  Professor  Sydney 
H.  Vines,  Mr.  A.*  Sedgwick,  ami  FrofeBsor  W.  F.  B.  W£U)ON. 
(Drawn  up  by  Uie  Secretary.) 

Thi  Britiih  Anoeiatioii's  table  at  the  Plymouth  Laboratory  has  been 
allotted  during  the  past  year  to  the  following  natnraliats : — 

Mr,  Ht  M.  Woodoock,  B.Sc.  Load.  (Uuiversity  Scholar),  for  an  iiiveg- 
tigation  ci  the  Iiife-hiatory  of  Sporoxoa  (one  month) ;  and  to 

Hr*  O.  W.  Smith,  New  College,  Oxford,  for  an  tnvegtigaHon  of  the 
Aaatomy  of  eertain  Tanioata  (three  weeks). 

The  applicatkma  received  for  the  nae  of  the  table  have  exceeded  tlie 
limit  pkoed  upon  the  Gommittee'e  powem  of  appointment  by  the  funds  at 
their  disposoL    The  Committee  therefore  invite  reappointment!  together 

with  a  grant  sufficient  to  maintain  a  table  at  the  laboratory  for  a  period  of 
six  months  (30/.),  in  order  to  enable  Mr.  Woodcock  to  continue  his  in- 
vestigations of  the  Life-history  of  Sporo/oa,  to  enable  Mr.  G.  W.  Smith 
to  begin  an  investigation  of  the  Seusc-orgaufi  of  Fishes,  tu  enable  Mr. 
W.  Wallace,  of  St.  Andrews  University,  to  investigate  the  variation  of 
the  fins  in  Elasmobranch  fishes,  and  to  enable  other  competent  natrnfalists 
to  perform  definite  pieoes  of  work  at  the  Plymouth  Labcnratoiy.' 

Mr.  Smith  will  occupy  the  table  during  July, 

Mr.  Woodcock's  Keport  is  appended  below. 

Mr,  Woodeoek^a  Report, 

T  occupied  the  British  Association's  table  for  one  month  in  April  and 
Muy  1902.  My  particular  objects  were  two.  One  was  to  further  iuves- 
tigate  some  enrions  bodies  whieh  I  had  notioed  attached  to  the  inner  side 
of  the  mantle— near  the  apex  of  the  flap — in  Pecien  qpereuiar%$y  and  also 
attached  to  a  gill  filament  of  the  same  specimen.  The  otiier  was  to  find 
further  stages  in  the  life-history  of  Greffnrina  irregulariSf  oocnrring  intho 
blood-vessels  of  I/olothuria  nigra  at  Plymouth. 

In  most  of  the  Hoiothuria  which  I  had  the  opportunity  of  exainining, 
the  gregarine  was  present.  In  about  six  instances  I  found  it  in  tiie  cavity 
of  the  blood-vessms,  motionless,  bnt  easily  movable  on  gently  pressing. 
It  was  not  easy  to  get  them  out  of  a  blood-vessel  unchanged  in  shape, 
for  the  least  touch  seemed  to  distort  or  make  them  irregular.  Those  that 
were  safely  liberated  were  regular  in  shape,  though  not  uniform.  Some 
would  be  broader  and  shorter,  others  longer  and  narrower,  but  aU  more 
or  less  oval  in  outline. 

Observed  living,  they  were  white  and  opaque,  bnt  when  stained  and 
cleared  they  all  showed  two  vesicniar  nuclei,  separated  by  a  distinct 
acptum. 

The  other  stage,  largely  preponderating  in  numbers,  in  which  T  found 
the  gregarincs  was  as  little  \v}iite  vesicles  attached  to  the  blood-vessel  by 
thin  stalks.  These  vesicles,  as  already  described  by  Professor  Minchin,^ 
consist  of  the  ovaginated  wall  of  the  vessel,  containing  the  rounded 

*  voh  zzsir.  1883,  p.  378. 
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gregarinei  surrounding  which  can  be  easily  seen  the  epithelium  ci  the 

▼essel. 

All  mine  at  this  time  iiad  still  very  few  nuclei  -in  many  cases  only 
two,  though  the  -septum  h;ul  disappeared — hut  in  three  or  four  caset 
they  had  three  nuclei,  uU  of  about  equal  size,  and  no  sign  of  a  fourth.  It 
was  evidently  rather  early  in  the  year  for  spomlation  stages 

^lat  nuclear  division  may  go  on  before  evagination  of  the  vesnl^s 
wall  I  have  found  by  cutting  the  two  gregarines  figured  whole  in  the 
paper  above  referred  to.  For  in  one  of  them  there  were  eight  nnclei»  and 
still  traces  of  a  septum  ;  in  the  other  very  many  nuclei,  with  no  lons^er  a 
septum  :  in  both  eases  the  nuclei  consist  of  aggregations  of  chromatin 
without  any  inombrane. 

In  no  case  have  I  yet  found  many  nuclei.  It  would  be  iiec<'::>siiry  to 
obtain  the  f^renrarines  later  on  in  June  and  July  to  observe  jiporobla^ts,  »i:c 

For  tiiat  reason  I  cannot  now  present  a  more  detailed  account,  bat 
hope  to  obtain  further  staans  in  the  future. 

With  r^gud  to  the  bodies  in  PeeUn  cperailarit,  I  found  them  fre- 
quently in  some  batches,  while  from  others  they  would  be  absent.  This 
was  probably  connected  with  the  different  localities  from  which  tiwy 
were  dredged  by  the  titiwlers.  They  also  occurred  in  a  few  Pectin  jnaxi- 
mu8^  but  not  in  one  or  two  oysters  I  examined,  nor  in  any  other  of  the 
many  I^mellibranchs  I  looke<l  at.  They  occurred  invariably  on  the  giUs 
and  never  once  on  the  mantle-tiap  again,  which  was  rather  contraiy  to 
expectation. 

But  until  I  have  further  examined  them,  and  feel  more  certain  as  to 
what  they  are^  I  will  withhold  a  description  of  them. 


Jnvestigatioyis  in  the  Laboratori/  of  the  Marhie  Biological  AssodaiiM 
of  the  West  of  Scotland  at  Milli}ort. — Report  of  the  Committee,  cojt- 
siding  of  Sir  JoHN  MURRAY  (Cluiinnan),  Dr.  J.  F.  Gemmill 
(Secretari/),  Professors  Bo\\'ER,  Cossar,  Ewaht,  W.  A.  Herdjca^n, 
aaid  M.  LAuaiE,  and  Messrs.  Alex.  jSoMERViLLK  and  J.  A.  Todd. 

The  Goiumittee  have  to  report  that  they  allotted  15/.  of  the  gratii  u 
Dr.  James  Rankin  for  an  investigation  of  the  Compound  Ascidlans  of 
the  Clyde  area,  and  l(H.  to  Mr.  Alex.  Flatience  and  Mr.  Thomas  Soott, 
F.]aS.,  for  an  investigaticm  of  the  Crustacea  of  the  Korthem  Clyde 

lochs. 

Mr.  Patience  obtained  through  his  grant  tlie  use  of  the  s.y.  '  Mermaid ' 
belonging  to  the  Millport  Marine  Station  for  twelve  days  in  May  and 
July  1902.  He  took  in  all  fifty-tive  hauls  with  the  dredge  and  trawl, 
chiefly  in  Loch  Fyne,  Loch  Long,  Gareloch,  and  Loch  Goil.  His  interim 
report  to  the  Committee  makes  mention  of  two  new  Bopyrids — lUr  uro- 
crypta  patiencei  (Scott),  and  PUiwrocrypta  cltUKce  (Scott) — found  by  him 
and  described  by  Mr.  Thomas  Scott  in  the  *  Annals  and  Magnsme  of 
Natural  History.'  His  report  jointly  with  Mr.  Scott  ako  contained  many 
details  regarding  the  distribution  of  the  smaller  Crustacea  in  the  Clyas 
lochs,  but  it  will  bo  presented  to  the  Committee  ogw  whffiA  finished. 

Dr.  James  Rankin,  as  a  result  of  his  Ascidian  investigation,  report* 
that  ho  has  throo  papers  in  hand,  viz.  (1)  Second  Report  on  the  Tunicata 
of  Millport  and  neighbourhood^  including  description  of  Polycarpa  ct nereo, 
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n.  sp.  ;  (2)  Didemnutn  punctata m^n.  sp.,  with  observations  On  the  Lateral 
Languets  and  the  Extension  of  the  Colony  ;  ^3)  Protobotryllus  tenuis, 
nor.  gen.  et  sp.,  an  anoettnl  form  of  the  BotryUicbs. 

At  Dr.  Ruikia  hu  not  yet  expended  all  nis  grant,  and  as  he  propoeea 
to  devote  the  rest  of  it  to  dredging  in  the  Clyde  area  in  oonneotion  with 
his  investigation,  the  Committee  reoommend  this,  and  acoordingly  thegr 
ask  to  be  teappointed  lor  next  year. 


Bird  M'uji'almi  in  Great  Briinln  and  Ireland, — Fifth  Interim  HepoH 
of  the  CommitUe,  eomUting  of  IVofessor  Newton  (C/Mh-man), 
Bev.  E.  P.  Kncbley  (Secretanj),  Mr.  JoHN  A.  Harvie-Browh, 
Mr.  II.  M.  Bakrikoton,  Mr.  A.  H.  Evans,  and  Dr.  H,  O.  Forbes, 
appointed  to  work  out  the  detaiU  of  thfi  Ohservatioiu  on  the  MigrOf* 
Uan  of  Birds  at  JjighUiouie$  and  LiglUehipSf  1880-18S7. 

OacB  more  yonr  Committee  have  the  satisfaction  of  reporting  that,  thanks 
to  the  unremitting  energy  of  Mr.  William  Eagle  Clarke,  Uie  work  with 
which  they  were  charged  has  proceeded  without  interruption  during  the 
past  twelve  months,  and  they  appond  a  report  to  thpin  ])y  Mr.  Clarke,  in 
which  he  has  summarised  the  Obsarvations  on  the  Mi;^ratioiis  of  tlio 
Fieldfare  {Tttrdas  pilaris)  and  Lapwing  (Vawf/us  rtt((/aris)  in  the  bumo 
masterly  manner  ns  h(?  did  those  nOating  to  the  four  species  ('Song 
Thrush,  White  Wagtail,  Skylark,  and  Swallow)  whose  movuments  he  has 
already  worked  out.  If  the  Summaries  now  offered  seem  to  lack  interest, 
it  Is  aasoredly  only  in  comparison  with  those  that  have  been  presented 
fasfore*  and  because  the  migrations,  inter-migrations,  and  oounter-migra- 
tions»  even  of  the  Lapwing,  however  intricate  they  may  at  Qrst  sight 
appear,  make  no  approach  in  complication  to  those  of  the  idong  Thrush,  and 
still  more  of  the  Skylark,  while  those  of  the  Fieldfare  niay  be  said  to  be 
simplicity  itself.  Yet  the  movements  of  the  last-named  bird  have  never 
belorc  been  traced  in  the  way  that  they  have  by  Mr.  Clarke. 

It  is  with  great  pleasure  that  your  Committee  have  to  rejiort  that 
Mr.  Clarke  is  willing  to  continue  his  investigations  for  another  year,  if 
the  AsBoeiation  showd  think  fit  to  encourage  his  labours,  the  amount  and 
valae  of  which  can  hardly  be  exaggerated ;  and,  though  it  is  hardly  part 
d  their  business  to  do  so^  your  Committee  cannot  refrain  from  comment* 
ing  to  the  Association  upon  an  instance  of  extraordinary  devotion  to  the 
subject  of  the  inquiry  displayed  last  autumn  by  that  gentleman.  Having 
?«oujjht  and  obtained  the  permission  of  tlio  Elder  Brethren  of  the  Trinity 
liouse,  he  passed  a  month  of  his  short  holiday  in  the  Eddystona  Light- 
house, in  order  that  he  might  gain  personal  experience  of  the  conditions 
under  which  nearly  all  the  recorded  observations  dealt  with  by  him  M*ere 
made,  and  knowledge  of  many  details  of  migration  only  to  be  obtained  by 
actn»l  observation.  It  is  gratifying  to  know  that  in  both  respects  he  was 
sqecessfol,  as  may  be  seen  by  the  interesting  narrative  of  lus  voluntary 
imprisonment  which  he  has  published.^ 

Your  Committee  regarded  their  reappointment  at  the  Glasgow  meeting 
as  a  condonation  of  their  somewhat  irregular  proceedin;:',  acknowledged  in 
their  last  B^ort^  and  are  happy  to  be  able  to  state  that  valuable  information 

>  Tk0  nu.  Much  1002.  pp.  2i6^M. 
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lias  been  received  from  ysxixm  lighthonaes  eod  Hghtahips  on  the  BemA 
Goeek  of  En^^eiid,  the  men  ae  Mote  taking  very  great  inteieit  in 
inquiry,  and  retnrning  with  exoeilent  results  the  ediedules  farairiied  to 
them.  Enoonraged  by  this  success,  schedaiee  have  again  been  sent  oot 
for  the  present  year.  Tour  Committee  respectfully  request  to  be  a§iin 
Reappointed,  if  possible^  with  a  renewed  grant  of  money. 

J?6por«6yMr.  Clabkb. 

During  the  past  year  much  advance  has  been  made  with  the  histories 
of  the  migrations  undertaken  by  certain  species  of  British  birds,  and  those 
rehkting  to  the  Fieldfore  and  the  Lapwing  are  herewith  snbmitled  to  the 

Committee. 

In  addition  to  the  Tarious  sources  of  information  laid  under  contribo- 

tioii  in  their  preparation,  and  mentioned  in  prpvious  report=?,  much  valuable 
and  highly  desirable  material  has  been  obtained  from  the  Light-stations 
on  and  off  the  south  coast  of  England,  thanlis  to  the  obliging  assiduity 
of  the  lipfht- keepers,  who  have  furnished  numerous  and  excellent  schedules, 
many  of  them  replete  with  useful  observations,  and  in  not  a  few  cases 
ftcoompanied  by  wings  of  specimras  they  were  unable  to  identifr. 

In  September  and  Ck^ber  last  I  spent  a  month  in  the  Eddystone 
tiighthouse^  and  added  much  to  the  practical  experience  I  had  prenoosly 
g^ed  at  Tturious  land  stations  around  our  coasts. 

Tbb  M10BATIOK8  OP  THE  Fieldfare  {Turdw  pilarit). 

The  home  of  the  Fieldfares  which  visit  the  British  Islands  is  in  Konray 
or  Sweden,  the  former  presumably  for  the  most  part.  The  species  does 
not  breed  in  Iceland  as  the  Redwiug  ( Turdus  iliacus)  does,  and  theio  is 
no  evidence  to  show  that  any  of  the  small  colonies  established  in  \'arioas 
rts  of  Central  Europe  (Pomerania,  Thuringia,  and  Bavaria)  ever  ooniri- 
te  to  the  throng  that  arrives  on  our  shores. 
The  British  migrations  of  this  species  may  be  taken  as  Ix  inj?  generally 
typical  of  those  of  (1)  a  winter  visitor  to  our  islands  from  Xorth- western 
Europe,  and  (2)  of  a  bird  of  passage  en  route  from  and  to  its  northern 
summer  home  and  winter  quarters  lying  to  the  south  of  the  British  Islea 
In  addition,  British  winter  movements  (due  to  the  pressure  of  olimatir 
oonditions)  md  emigration  beyond  our  shores  are  performed  annually. 

AiUumn  Immigration* — The  Fieldfare  seldom  quits  its  summer  haunts 
in  Xorth-westem  Europe  until  October.  Tliere  are,  however,  aut]5Pi^tic 
records  of  the  appearance  in  Great  Britain  of  odd  birds,  and,  more  rarely 
small  parties  in  September,  but  such  occurrences  must  be  rei^arded  a.> 
unusual.  With  a  single  exception,  the  September  records  relate  to  Uie 
Kast  Coast  and  its  vicinity.^ 

There  are  annual  arrivals  of  eomparaiively  small  numbers  in  the  fiiel 
half  of  Oetober.  It  is  not^  however,  until  after  the  middle  of  the  month 
that  the  first  of  the  great  autumnal  immigrations  is  to  be  expected  ;  for 
the  date  of  the  northern  exodus  is  dependent  upon  the  nature  of  the 
season,  and  especially  of  the  crop  of  berries,  in  Scandinavia,  and,  as  a  rule, 
this  does  not  (Irive  the  birtls  smuliw  nrds  until  the  thin!  or  fonrtli  week  of 
October.  They  continue  to  arrive  011  our  coasts  until  mid- November, 
the  19th  being  the  latest  date  for  the  years  covered  by  the  inquiry. 

I  The  most  remarkable  of  these  early  immigrations  wss  the  OOCOZrenoe  of  a  laigS 
flock  near  Norwich  on  September  9»  1880  (T.  Sontbwell). 
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1h»  foQowing  ave  the  dates  of  the  chief  imiiuigntums  reoorded  during 
the  yean  1880-1887  :^ 

1880.  October  J 1-28.    Latest,  November  18, 

1881.  October  19. 

1883.  October  15-16, 18-19. 

1883.  October  19»  28-30.   November  1-2,  8. 

1884.  October  21,  29.    November  2,  4,  12. 
188.5.  October  14,  .31.   j^ovember  8,  10-12. 
1886.  October  28,  29. 

188T.  October  26. 

It  wfl]  be  obierTed  that  in  some  leaioiiB  the  Innb  maiiily  arrived  by 
a  series  of  pronoanced  movementSi  while  in  others  a  single  'rush '  only  is 
chrcmicled.  When  the  latterivas  the  case  it  was  preosded  or  followed 
(or  both)  by  a  steady  influx,  covering  the  ordinary  period  of  the  autumnal 

incoming.  On  many  occasions  these  great  immigrations  cover  the  eastern 
seaboard  from  Unst,  in  the  ShetlRiid  Isles,  to,  or  even  beyond,  the  Wash. 

After  arrival  the  iinniir»rants  quickly  liud  their  way  to  accustomed 
winter  rjiiirters,  including  those  in  the  western  districts. 

A  migratory  stream  of  Fieldfares,  though  one  of  much  less  extent,  passes 
down  the  west  coast  of  Scotland,  and  is  chiefly  observed  in  the  Western 
Isles,  where  it  comes  much  under  observation  at  the  rock-stations  of  .Skeny- 
voro  and  Dhuheartach,  and  sometimes  extends  as  far  to  the  west  as  the 
Mooach  group.  The  Outer  Hebridean  branch  of  this  stream  reaches  the 
north  coast  of  Ireland,  whence  many  of  the  birds  proceed  inland  to  winter 
quarters.  Regarding  these  western  movements  it  must  be  observed  that 
(1)  they  are  not  performed  simultaneously  with  those  on  the  east  eoast, 
and  the  birds  probably  reach  and  j)ass  <lown  our  Atlantic  shores  after  an 
overland  flight  ;  (2)  it  seems  probable  that  tin'  Fieldfares  re£ridarly  travel- 
ling southwards  by  way  of  the  Outer  Hebrides  may  n  ach  that  far  western 
route  by  way  of  the  EarcSes,  which  islands  are  visited  annually  in  the 
antamn ' — an  interesting  &ct  since  the  bird  does  not  summer  in  Iceland, 
and,  moreover,  one  which  indicates  an  astonishing  extension  westwards  of 
the  right  wing  of  the  hosts  moving  southwanis  on  the  approach. of 
winter.* 

Jnfjunn  Passarje  a/"/  Enngration.  —  .\n  autumn  passage  to  winter 
quarters  beyond  the  British  Isles  is  chiefly  observed  on  our  ea^^t  coast, 
and  immediately  follows  tlie  iinmigiations  of  the  latter  half  of  October 
and  the  fir.st  half  of  NovembtM*.  Thus  maLy  Fieldfares  quit  our  southern 
shores  very  shortly  after  their  arrival,  and  consequently  the  dates  of  imuji- 
gration,  passage,  and  emigration  dceely  correspond.  A  number  of  the 
immigrants  observed  on  the  west  coast  also  proceed  southwards — some  of 
them  along  the  east  coast  of  Ireland,  and  tin  nee  across  S(.  George's 
Channel ;  others  by  way  of  the  west  coast  of  England  and  Wales — and 
these  Inrds  of  passage  finally  quit  our  shores  at  points  on  the  western 

1  Mr.  Knud  Andersen  informs  me  that  the  Fieldfare  oocors  on  migration  in  both 
spring  and  autumn  at  the  Faroes. 

*  In  the  Zoologist  for  1880,  p.  510.  Mr.  Qamey  menttons  that  during  October 
of  that  yenr  Fieldfares  wore  ob^ervrnl  '^'oirrj  from  cri'^t  to  west  at  Cromer;  nnd  the 
same  authority  (o/».  cit.,  181)2,  p.  61)  suites  that  t-everal  which  had  perished  on  pas- 
sage were  picked  up  at  Yarmouth  on  November  8,  liiUl.  These  rucordss,  however,  do 
not  necesMTilj  tsdlflate  an  east-to-wesk  moTsmiDt  acrow  the  tonthem  waten  of  the 
Korth  Sea  od  the  part  of  this  species. 

T8 
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■ection  of  the  south  coast  of  Englandy  particularly  between  the  EddyrtoDo 

and  the  Scilly  Isles. 

JVintrr  Jfovenwjifs  and  Emifjratwn  — On  the  advent  of  snow  and  coid 
the  Fieldfares  quit  the  hitjlier  grounds  which  form  their  usual  winter 
quarters  and  seek  tlic  lowlands,  the  coast,'  and  the  south. 

In  seasons  of  exceptional  cold  and  heavy  snow  vast  numbers  past 
southwards  along  our  coastlines  and  oveiland  en  route  for  the  sou  them 
counties,  while  many  cross  the  Channel  for  South-west  Europe.  Man  j, 
too^  are  sometimes  observed  passing  westwards  along  the  soath  coast  of 
England  and  its  vicinity,  in  company  with  Throshes,  Redwings,  Black- 
birds, Starlings,  Larks,  Linnets,  Lapwings,  itc,  in  search  of  the  milcier 
conditions  usually  to  be  found  in  Devon,  Cornwall,  .uid  the  Scilly  Isles. 
Emigrants  from  the  mainland  of  Northern  Britain  then  visit  the  Hebritles  ; 
and  numbers  enter  Ireland  from  Scotland  and  North  Wales  ;  but  none  of 
the  numerous  fieldfares  which  sweep  along  the  south  coast  of  England 
appear  to  seek  the  sister  isle  from  the  south-east  by  a  passage  across  St 
George's  Channel,  as  do  Song  Thrushes,  Starlings,  Larks,  and  other  refugee 
British  species.  In  Ireland  during  severe  periods  many  leave  their 
ordinary  winter  haunts  and  pass  southwards  and  westwards  for  the 
milder  areas  to  be  found  in  the  vicinity  of  the  Atlantic. 

The  time  at  which  these  winter  movements  take  place  varies  Mccording 
to  the  nature  of  the  season.  In  Ic^NO  qre.it  cold  .set  in  as  earlv  as 
November  22,  and  was  the  cause  of  much  uii^^'ration  and  an  exodus  from 
our  southern  shores  which  continued  until  the  2()th.  The  movements  may  be 
local  or  general,  and  if  a  series  of  cold  snaps  occurs  a  corresponding  serieii 

migrations  results;  but  should  the  st$nrm  be  widespread  genersl 
emigrations  follow. 

A  small  number  of  Fieldfisres  winter  in  Southern  Scandinayia^  and  in 
severe  seasons  some  of  these  are  probably  driven  southwards  and  west- 
wards, and  this  no  doubt  accriurits  for  the  occasional  appearance  of  small 
numbers  in  December  in  Shetland  and  Orkney  and  at  the  Faroes 
(Andersen). 

Spriiuj  Imini'jraliijn  J'ioih  the  South. — Towards  the  end  of  March, 
the  Fieldfares  which  have  wintered  in  countries  south  of  the  British 
Islands  (including,  no  doubts  the  winter  emigrants  driven  from  Britain) 
make  their  appearance  on  our  southern  shores.  These  return  passages 
across  the  Channel  are  continued  at  intervals  throughout  April,  and  are 
sometimes  observed  down  to  the  early  days  of  May. 

During  these  movements  the  birds  are  recorded  as  arriving  at  night 
or  in  the  earliest  hours  of  the  mornini:;,  and  are  tisiially  accompanied  by 
Kedwings,  Thrushes,  Hlackbirds.  Stariini^s,  Wlieatears,  and  other  species. 

The  immii^rants  which  arrive  in  England  during  March  do  not  appjear 
to  move  northwards  at  once,  but  sojourn  with  us  for  a  little  lime  before 
departing  for  their  summer  quarters  in  Northern  Europe. 

Spring  Pauage  and  Emigration, — ^The  departure  of  the  Fieldfares 
which  have  wintered  with  us,  and  of  the  birds  of  passage  on  their  way 
northwards,  does  not  commence  until  the  early  days  of  April,  and  ordi- 
narily lasts  until  the  first  week  in  May,  but  in  some  seasons  is  prolonged 

'  The  appearance  of  this  bird  in  numbers  on  tbc  coast  in  the  winter  has  led  5ome 
observers  to  suppose  that  a  renewal  of  the  Immigratory  morcmeuts  from  Northern 
Europe  has  oocnrred,  whereas  it  is  directly  associated  with  and  U  the  tmvXt  ot  the 
>vcat!ier  condltionit  prevailing  in  oar  islands,  which  have  driven  the  wintering  Fisld« 
fares  trom  the  inland  dkbricts. 
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until  about  the  middle  of  that  month,  while  strmgglera  hmre  been  obeenred 

as  late  as  tho  first  week  in  June. 

The  earliest  emigrants  appear  to  leave  in  small  parties,  either  alone  or 
at  the  hame  time  as  Meadow  Pipits,  Skylarks,  Lapwings,  and  sometimes 
Bramblings  ;  but  those  that  follow  late  in  April  and  in  May  art*  observed 
at  JLiks^t  Coast  stations  in  great  docks  and  in  coni[mny  with  many  other 
emigrants  and  timnaieiitm^nnta^ — e.y..  Redwings,  Ring-ousels,  Wheikteart, 
Whinehate,  RedbreMts,  Bedstarta,  Willow  Warblera,  BUckcap%  Fied 
Rjeateban,  BrambKngs,  &c. 

Some  ol  the  great  spring  emigrations  cover  considerable  sections  of  the 
eastern  seaboard,  having  been  observed  from  tlie  Farne  Islands  to  Orknej 
and  Shetland,  and  from  the  ^^';^sh  to  the  Firth  of  Forth. 

There  are  al^n  iinportunt  muvements  of  departure  on  the  west  coast 
of  Britain.  These  are  observed  somewhat  feebly  at  the  English,  Welsli, 
and  Manx  stations,  but  become  more  pronounced  on  the  Scotch  ('oast 
(including  the  Hebrides),  which  receives  tlie  Irish  emigrants  en  route  for 
the  north.  This  western  passage  also  sets  in  during  the  earliest  days  of 
Ajpril  and  lasts  until  mid-May,  bat  no  great  general  flights  are  witnessed. 
There  is  also  much  overland  migration  from  the  western  districts  to  the 
east  coast  performed  throughout  Great  Britain. 

Before  proceedini;  to  the  coast  for  departure,  Fieldfares  assemble  and 
form  Hocks  in  the  various  districts  in  which  they  have  wintered,  and  are 
very  noisy  and  I'estless  for  several  days  before  they  finally  quit  their 
winter  hauntvS. 

This  species  is  exireuiely  wary,  and  is  less  frequently  killed  or  captured 
at  the  lanterns  of  the  light  stations  than  any  of  its  congeners. 

Thk  Migratiohs  op  the  Lapwino  ( Vanellus  tW^ortt). 

lilt  rod  urtary. — Tl'e  nii;,'r;ilions  of  tho  Lapwing  in  the  ]>ritish  Islands 
are  especially  interi^sting,  and  possess  features  which  are  not  shared  by 
any  of  the  species  treated  of  iu  the  reports  hitherto  presented  to  the 
Association. 

•  When  we  come  to  investigate  the  various  movements  performed  by 
this  well-known  bird,  it  is  surprising  to  find  how  largely  they  escape 
notice.  This  may  to  some  extent  be  accounted  for  by  the  fact  that  the 
lapwing  is  partially  nocturnal  in  habit,  and  hence  less  prone  than  other 
qtecies  to  approach  the  light-stations  ;  but  tliis  does  not,  I  think,  afford 
an  entire  explanation,  for  other  Limicoht  of  even  more  pronounced  noc- 
turnal proclivities,  such  as  the  Woodcock,  do  not  pass  unobserved  to  a 
like  degree. 

In  addition  t<J  being  a  resident  during  the  major  portion  of  the  year 
in  extensive  areas  of  our  islands,  the  Lapwing  is  a  summer  visitor  to 
Shetland,  Orkney,  and  the  Hebrides,  to  the  more  elevated  districts 
throochoat  the  mainland  of  Great  Britain  and  Ireland,  and  to  other 
inland  areas,  especially  in  the  North. 

As  winter  visitors  and  birds  of  passage  some  numbers  arrive  on 
our  shores  in  the  autumn  from  Scandinavia  and  from  Western  Central 
Europe. 

The  great  majority  of  our  British-bred  birds  and,  perhaps,  also  of  the 
Continental  immigrants,  pass  the  cold  season  in  (Jreat  Britain  and  Ire- 
land, but  extensive  winter  movements  are  performed  under  tlie  pressure 
of  severe  climatic  conditions  which  affect  tiie  food-supply.    Then  many 
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emigrate  southwards  and  westwards,  and  others  cross  the  Channel  to 
the  ihorM  of  Franoe. 

In  additum,  many  minor  or  local  movements,  due  to  varying  weather 
influences,  are  performed  in  both  autumn  and  winter  in  all  parte  of  onr 

islands  rosorteci  to  by  this  bird.    Indeed,  almost  cvory  chaQge  in  the 
weather  results  in  sotiP»  shifting  of  quarters  at  tlieso  seasons. 

Our  native  Lapwin<^s  are  widely  distribuu^d  and  extremely  numerous, 
and  there  can  Ije  little  doubt  that  they  form  the  gi-eat  majority  of  the 
individuals  which  participate  in  the  many  and  various  migratoiy  move- 
ments undertaken  by  this  species  at  different  seasons  both  within  a^  on 
onr  shores. 

Except  the  winter  movemGnts,  when  forced  and  sometimes  general 
retreat.s  hav-e  to  he  un  it  rtaken,  the  migrations  of  the  Lapwing  are  very 
gradually  performed  and  cover  an  extended  period  in  each  season,  but  no 
general  flights  simultaneously  performed  on  all  or  any  section  of  our 
coasts  have  heen  recorded. 

BrUiah  Summer  and  Autumn  MovemenU, — ^At  the  close  of  the  nesting 
season  Lapwings,  old  and  young,  gather  together  and  form  Hooka.  As 
early  as  mid-June  or  during  July  small  parties,  even  tlocks,  sometimes 
a|)j»('ar  in  the  vicinity  of  the  coast,  and  occasionally  a  few  are  recorded  as 
visitiiig  the  islands,  or  as  appearing  at  the  rock -stations  and  light^liips  off 
the  east  and  west  coasts  of  Britain.  Such  movements  are  not  without 
interest,  but  as  a  rule  it  can  scarcely  be  daimed  for  them  that  they 
possess  any  direct  bearing  upon  the  ordinary  migrations  of  the  bird. 
During  some  seasons,  however,  movements  southward  have  been  recorded 
in  July  ;  '  but  these  nmst  be  regarded  as  exceptional,  and  probably  due  to 
the  disturbing  influence  of  local  meteorological  conditions. 

In  August  enngration  from  Shetland  commences,  and  the  majority  of 
the  birds  leave  duriog  the  month.  The  records  of  Lapwings  at  &e  coast 
stations  and  at  the  off-lying  lighthouses  and  lightships'  are  numerous 
though  uncertain,  and  indicate  that  movements  or  wanderings  are  in 
progress. 

In  September  the  migration  soutliwards  sets  in  in  earnest.  Early  in 
the  month  those  which  have  summered  in  Shetland,  Orkney,  and  the 
Hebrides  continue  or  begin  to  emigrate,  and  by  the  middle  of  the  month 
or  before^  all,  save  a  few  stragglers,  nave  departed  from  the  northern  group. 
Many,  too,  quit  the  higher  ground  on  the  mainland,  especially  in  Scotland. 
These  decided  emigrations  result  in  passage  movements  southwards  or 
towards  the  shure  which  are  cliietly  in  evidence  on  both  the  coasts  of 
Scotland  and  that  of  the  North  of  England. 

During  October  the  autumnal  movements  of  the  Lapwing  reach  their 
maximum.  The  higher  breeding-grounds  are  then  entirely  deserted  for 
the  rold  season,  and  much  emigration  is  also  in  progress  from  the  northern 
and  other  inland  districts  and  from  Uie  Hebrides  to  accustomed  winter 
quarters,  such  as  lowlands  in  the  vicinity  of  the  coast — especially  near 

'  The  chief  of  these  was  obserred  at  the  Leman  and  Ower  Lightship  (twenty-five 
miles  N.E.  of  Cromer)  on  July  30,  1887.  when,  during  unsettled  weather,  a  erreat 
flock  passed  southward-^  at  3  P.M.  On  July  2,  1901,  after  a  strong  N.E.  wind  and 
dirty  weather,  ^Ir.  5S.  Soutlnvi  11  saw  on  a  TiOwestoft  trawler  two  whioh  had  been 
ciptured  out  of  a  large  tiock  about  ioily  miles  N.E.  of  that  port. 

"  At  the  Seven  Stones  Lightship  (seven  mUes  off  the  Land's  End)  on  August  26« 
1880,  about  fifty  l  apwings  were  obsenred  flying sonth^west  ip  the  diiectionof  the 
Spiliy  Isles  at  10  a.m,- 
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Mtuaries— and  the  mtkern  counties  generally,  inoLafllmg  the  Sottly  Ides, 
wliich  are  annnany  leeorted  to  from  October  onwards.  Many,  however, 
remain  during  mild  winters  in  suitable  haunts  in  Northern  iicotlaiid,  as 
in  the  neighbourhood  of  tlie  Beauly  and  Moray  Firths,  where  the  cliinatio 
conditions  are  exceptionally  favourable.  The  British  October  migraaU 
era  obeemd  on  tM  eeetioiM  of  the  ooait^  and  the  fkaeuige  movemente 
■oathwanb  are  no  doaht  augmented  by  the  presenoe  of  immigranti  from 
Northern  Europe. 

The  Tnovpiiionts  during  the  tirst  half  of  November  are  a  continuation 
of  those  of  the  previous  month.  By  about  the  middle  of  the  month  the 
birds  have  usually  settled  down  for  the  winter,  or  until  they  are  com- 
pelled to  move  by  the  pressure  of  adverse  weather  and  its  etieot  on  their 
food-suppUei.  A  small  number  remain  in  the  Hebrides  iintil  the  first 
onset  of  frost. 

Although  a  few  records,  both  Scotch  and  Irish,  point  to  some  immigra- 
tion into  Irt'land  from  Northern  Britain  in  September,  it  is  not  until 
October  and  November  that  sucli  movements  are  regularly  observed.  The 
main  lines  of  intermigrution  lie  between  the  Mull  of  Cantyre  and  the 
Sol  way,  and  the  coasts  of  Antrim  and  Down  ;  while  birds  quitting  or 
traverrinff  the  Hebrides  reach  the  shores  of  lionegal,  some  of  them  by 
way  of  iSry  Island.  During  October  and  November,  too,  there  is  some 
evidence  of  the  arrival  of  Lapwings  in  Ireland  from  the  south-east  by  a 
passage,  chiefly  observed  during  the  daytime,  across  St.  George's  Channel 
to  tho  AVexford  and  adjacent  coasts.  Certain  of  the  later  November 
immigrutii>u8  from  the  north  are  o^ociated  with  the  setting  in  of  more 
or  lens  severe  weather  in  Scotland. 

The  antnmnal  movements  of  the  Lapwing  are  mainly  undertaken 
during  the  night,  Vjut  it  is  only  occasionally  that  the  migrants  strike  the 
lantprns  of  the  lighthouses  and  lightships.  Not  a  few  are  seen  moving 
during  the  daytime,  while  others  are  observed  in  the  vicinity  of  the  main- 
land stations,  or  on  islands,  resting  after  their  over-night  flight. 

AiUumn  Immigration  from  Iforth-toestem  ^uivps.— ^he  antumn 
immigration  from  Scandinavia  ^  sets  in  daring  the  first  week  of  October 
and  lasts  a  little  over  a  month.  It  is  observed  at  stations  from  and 
including  Shetland  to  those  on  the  northern  section  of  the  oast  coast  of 
England.  No  great  arrivals  covering  extensive  portions  of  the  coast  line 
have  been  recordetl,  as  in  the  case  of  other  species,  but  only  scattered 
records  dealing  with  moderate  numbers  appearing  at  intervals.  At  the 
northern  islands,  where  the  birds  arrive  some  considerable  time  after 
the  sammer  visitors  have  departed,  their  appearsnce  is  irregular  during 
October  and  November ;  in  som  seasons  they  occur  in  fair  numbers, 
while  in  others  they  are  very  scarce.  Tt  is  doubtful  if  we  derive  any  very 
great  numbers  from  Northern  Europe,  as  that  portion  of  Norway  from 
which  the  British  Isles  presumably  receives  immigrant  Lapwings  affords 
only  somewhat  limited  haunts  for  this  bird  as  a  summer  visitor. 

The  northern  immigrants  arrive  on  oar  shores  dnring  the  latest  honrs 
of  the  night  and  the  earliest  of  the  morning,  and  frequently  appear 
simultaneously,  if  not  in  company,  with  Song  Thrushes,  Fieldfares,  Red- 
wings, Black bird.<^,  Ring-ousels,  Redbreasts,  Goldcrests,  BrambUugSi 
Skylarks,  Starlings,  Snipes,  Woodcocks,  <&c. 

*  The  Lapwing'  is  only  a  rare  straggler  to  Iceland,  but  oceans  on  passage  in  small 
Komben  dnrlDg  both  spring  and  ^atuipn,  in  most  years,  at  the  FarpM  (Ao^enef^), 
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Autumn  Imm{<jrntion  from  the  East. — Daring  Octoljer  and  emrJy 
November  '  there  arc  records  of  parties  of  Lapwings  being  observed  at 
the  lightships  off  the  south-east  coast  of  England  between  the  mouth 
of  the  Thames  and  the  Wash  and  Humber,  proceeding  from  the  E.  and 
8.E.  in  a  W.  and  N.W.  directum,  which  leave  little  doubt  that  imni- 
grants  from  the  Continent  arrive  on  our  ehoree  by  a  direct  paeeage  aeroB 
the  southern  waters  of  the  North  Sea.  The  airivals  take  place  dariaf 
the  daytime  and  at  night ;  but  there  are  no  general  movements  recorded 
at  the  light -stations,  and  the  observations  chronicled  are  few  and 
scattered  durin:^  any  season,  though  the  numbers  recorded  are  oocasioii- 
ally  considerable. 

Mr.  Caton  Haieh  informs  me  that  the  normal  course  of  tiie  Lapwing 
arriving  on  the  N.E.  coast  of  Liucolnsliire  is  from  S.E.  to  N.W.,  and 
Mr.  Gurney  has  occasionally  observed  them  coming  in  on  the  Noflolk 
ooast  from  the  R  and  S.E. 

AuJtwnn  Panage  of  ImmiffraniB. — Beyond  passing  partially  down 
coast  lines,  chiefly  the  east,  and  overland  to  reach  their  winter  resorts  in 
Britain,  it  is  uncertain  whether  the  immigrant  Lapwings  perform  other 
passage  movements  on  airiving  on  our  shores  in  October.  If  such  tran- 
sieut  migrations  southward  to  countries  beyond  the  British  seas  do  take 
place  immediately,  or  soon,  after  Britain  is  reached— as  is  undoubtedly 
the  case  with  other  species — then  they  have  hitherto  escaped  notice  at 
the  southern  stations. 

'  Auiumn  SmiffraUan  from  BrUaiUi, — Our  native  Lapwings  and  the 
autumnal  visitors  from  the  Continent  seem  loth  to  quit  our  shores.  I 

have  not  been  able  to  find  any  evidence  of  emigration  beyond  British 
limits  for  the  months  of  September  and  October,  though  the  movements 
southward  during  the  latter  month  would  lead  one  to  expect  that  scoM 

of  the  birds  then  depart  from  Britain. 

No  Lapwings  hnvo  been  detected,  accordini;  to  our  data,  crossing  the 
Channel  before  November,  when  no  doubt  the  approach  of  winter,  spe- 
cially low  temperatures,  constrains  some  of  them  to  seek  more  genial  climes. 
During  this  month  they  have  been  recorded  as  leaving  our  southern  shores 
in  considerable  numbers  at  night  in  company  with  Mistle  Throahe^ 
Song  Thrushes,  Fieldfares,  Redi^ngs,  Blackbirds,  Starlings,  Larks,  Golden 
Plovers,  and  others.  Some  of  these  oross-Channel  emigrations  are  asso- 
ciated with  general  movements  of  Lapwings  and  other  species  down  bc4h 
the  east  and  west  coasts  of  England. 

Winter  Movements  and  Emigration. — The  winter  movements  of  the 
Lapwing  consist  of  emigrations  from  Britain  for  more  southern  lands,  and 
of  partial  or  extensive  mi^rrations  performed  within  our  area. 

They  are  controlled  by  and  vary  with  the  climatic  conditions  of  the 
season,  and  their  extent  is  proportional  to  its  severity. 

Should  the  late  autumn  and  the  winter  prove  mild,  the  Lapwings 
remain  unmolested,  so  to  speak,  in  their  accustomed  retreats.  Sooner  or 
later,  however,  each  winter  cold  weather  of  a  more  or  less  severe  type, 
and  of  either  local  or  general  prevalence,  sets  in,  and  then  the  birds,  owing 
to  their  inability  to  obtain  food  are  compelled  to  chancy  their  quarters 
for  others  free  from  its  blighting  iniiuence  :  these  havens  may  be  near  at 
hand  or  far  removed  in  accordance  with  the  extent  of  the  area  adversely 

*  In  IBSij  at  the  Hasbro  Lijfhtship.  oflF  the  Norfolk  coast,  many  were  pR<»>iDg 
W.  and  w  N.W.  on  the  nights  of  November  02  and  2d  perbsps  a  opld  wmther  woit-. 

meat  from  the  Continent. 
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ftffwtad.  Heavy  snow  and  mwmt  froft  omm  great  movmanto  ioiith* 
warda  along  the  ooastc  and  overland.  Should  such  conditions  extend  to 
the  Sonth  el  England  mneh  emigration  ia  eiubarked  upon  for  the  shorea 
ol  France,  great  numbers  of  Lapwings  crossing  the  Channel  both  by  day 

and  nijrht  Occasionally  during  these  periods  of  oxopptional  severity 
many  of  these  birds,  along  with  other  speoies  atVectod  ('  Thrushes,'  Larks, 
Starlings,  Ac),  are  observeil  muvinfj  westwards  during  the  daytime  along 
the  south  coast  of  England  and  its  vicinity  en  route  for  Devon,  CJornwail, 
and  the  Scilly  Isles,  and  not  a  few  then  cross  St.  George's  Channel  to 
Ireland,*  where  milder  eonditiona  vsoally  prevail.  In  tlw  Sister  Isle  the 
fXMintiea  of  Cork  and  Kerrj  are  laigely  resorted  to  by  the  Irish  birda 
when  in  distress.  There  appear  to  be  no  winter  movements  westward  to 
the  Hebrides  as  in  the  case  of  several  other  spedea  affected  by  severe 
weather  on  the  mainland. 

The  time  when  the  winter  emigrations  from  Britain  may  be  enforced 
varies  greatly.  Thus  during  the  seaBon  1901-1902  the  weather  in  the 
South  of  England  remained  mild  until  February,  when  it  Ix'came  excep- 
tionally severe,  and  oontiuued  so  fur  a  long  time.  At  the  Eddystone  and 
elsewhere  on  the  South  Coast  no  Lapwings  had  been  observed  crossing  the 
Ohannal  pravionaly  dnrinc  the  winter,  bat  on  Febroary  2,  and  again  on  the 
19th  and  15th,  gnttt  nmnbers  passed  southwarda  both  by  day  and  by  night. 
Winter  movements  within  our  isles  have  been  recorded  as  late  as  mid- 
March  ;  on  the  15th,  in  1881,  many  Lapwings,  along  with  Skylarks,  Star- 
lings, 0  olden  Plovers,  Woodcocks,  and  Snipes,  were  observed  tiying  south- 
wards before  snow  at  the  ^ash  Lighthouse,  on  the  north  shore  of  the 
Bristol  Channel. 

It  is  when  retreating  Ijefore  these  adverse  conditions  that  the  move- 
ments of  tlie  Lapwing  become  pronounced  and  widespread,  and,  in  this 
re^ct,  contrast  markedly  with  the  other  nugrationa  of  this  species.  It 
is  on  SQch  oceasiona,  too,  that  the  bird  chiefly  approaches  the  lanterns  and 
is  killed  or  captured,  a  fate  which  does  not  commonly  befall  it.-  On  the 
night  of  December  17,  188.5,  twenty- one  were  captured  at  the  Eddystone 
OQt  of  several  hundreds  which  appeared  at  the  light — the  record  for  the 
period  1880-1887.  Comparatively  few  perish  by  starvation,  even  in 
winters  of  exceptional  severity. 

Winter  Immigration  from  Western  Ctntral  Europe. — During  severe 
winters  on  the  Continent  the  east-to-wei>t  passage  of  L^ipwings  across 
the  soathem  watera  of  the  North  Sea  is  renewed.  The  immigrants,  as 
in  the  aatnmn,  arrive  on  the  south-east  coast  of  England  and  pass 
wertward  in  search  of  the  m^der  areaa  within  onr  isles.' 

Spring  Movements  from  Jiritish  Winter  to  Summer  Haunts. — To  their 
breeding  grounds  in  England  and  the  south  of  Scotland  Lapwings  may 
be  induced  by  the  prevalence  of  mild  weather  to  return  in  Kmall  parties 
as  early  as  the  end  of  January  and  beginning  of  February,  but  are 
usually  compelled  to  retreat  by  the  advent  or  tecurreuce  of  severe 

'  Oecstionslly  daring  severe  winters  nainbera  of  Lapwings  have  been  observed 
passing  we<«t wards  at  stations  off  and  on  the  east  ooBst  of  Ireland,  which  points  to  a 
passage  of  emigrants  from  North  Wales. 

*  In  sixteen  years  eight  oaly  were  obtained  at  the  Irish  ligbt-ttations ;  and  Mr. 
Herluf  Wings  iaforms  me  that  twenty-one  were  UUed  st  the  Danish  stations  during 
mlike  peri*-»f?. 

'  At  Great  Yarmouth  on  December  22,  1M04,  hundreds  of  Lapwings  were 
obeerred  *copiing  oyer'  ^a|nst  a  strong  N.W?  gfile,  f^id  many  were  drowned 
{ZmU§l9t»  IPOO,  p.  108), 
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oKmatic  conditions.  The  usual  period  for  their  appearanoe  in  their 
summer  haunts  is  about  the  last  week  in  February  and  early  in  Mazckit 
and  should  severe  weather  follow  later  in  March,  then  many  perish  in 
the  more  exposed  areas.  The  Scilly  Isles  are  quitted  as  a  winter  niott 
by  the  middle  of  February  in  ordinary  seasons. 

Immigrants  occasionally  appear  in  Orkney  at  the  end  of  Febi-uary, 
but  this  is  exceptional,  for  the  summer  visitors  to  these  islands  do  not 
usually  arriTe  before  March,  and  in  some  seasons  the  date  of  their  6nl 
appearance  is  not  dironided  nntO  the  early  days  of  ApriL  The  return 
to  Shetland  is  usitally  timed  from  mid*Mareh  onwards  ;  but  immigratotj 
flocks  have  been  recorded  as  early  as  IMarch  '^,  and  the  Hebrides  aie 
sought  during  late  February  and  early  March.  The  spring  moveoMil 
is  a  gradual  one,  and  nothing  of  a  general  nature  is  observed. 

Sprinff  Immigration  from  Southern  Europe. — The  return  of  Uie 
Lapwings  which  departed  from  our  islands  in  the  autumn  and  winter 
only  occasionally  comes  under  notice  at  the  light-stations  and  elsewhere 
on  the  south  coast  of  England.  Fortunately,  however,  we  possess  some 
important  records  of  these  spring  inunigratlona  for  the  latter  half  cf 
March,  when  the  Lapwings  have  been  merved  rstoming  in  compaoj 
with  Wheateara,  Mistle  Thrushes,  FieldfsreB,  Blackbirds,  Stariingi^  and 
other  species.  The  chief  of  these  cross-Ohannel  return  morementt  wera 
witnessed  during  the  earliest  hours  of  the  morning. 

Spriiuj  Rfitnm  to  Ireland. — Late  in  February,  during  ^lareh,  and 
sometimes  early  in  April,  Lapwings  are  observed  during  the  daytime 
arriving  from  the  S.E.  and  passing  N.W.  at  the  light-stations  otf 
the  Wexford  coast.  There  is  no  special  reason  for  regarding  these  as 
passage  movements,  and,  taken  together  with  the  facts,  (1)  that  thej  are 
not  observed  proceeding  np  the  eastern  coast  line  northwards,  and 
(2)  that  daring  winter  Lapwings  are  recorded  as  passing  soathwaids  on 
the  extreme  southern  sections  of  both  coast  lines,  it  is  not  improbable 
that  some  of  these  birds  quit  Ireland  under  the  pressure  of  i^limatw 
conditions  and  return  in  the  spring. 

Spriiuj  Pacsage  Norlhward  and  Emigration  to  Nnrth&rn  Europ'^. — 
The  spring  passage  northward  to  British  and  Continental  breeding 
haunts  is  one  of  the  best  observed  phases  in  the  ordinary  seHS*»nal 
migrations  of  the  Lapwing.  It  is  witnessed  on  both  the  east  and  west 
coasts  and  in  the  northern  islands. 

In  some  years  a  few  are  seen,  even  at  northern  stations,  on  passage  al 
the  end  of  February,  and  many  have  occasionally  been  observeil  during 
the  latter  half  of  the  month  and  at  the  beginning  of  March,  but  these 
early  transient  migrations  are  dependent  upon  the  genial  nature  of  the 
season.  The  movements  are  regularly  observed  during  March  and  are 
much  in  evidence  until  about  mid* April,  after  which  stragglers  only  are 
observed.* 

The  numbers  observed  en  route  are  only  occasionally  described  as  being 
considerable,  and,  as  a  rule,  consist  of  flocks  or  small  parties,  observed  at 
widely  scattered  stations,  there  being  no  general  or  simultaneously  per* 
formed  movements. 

These  birds  of  passage  move  during  the  night,  and  in  the  daytone 

'  On  May  3,  1885.  a  {^re.nt  rush  of  birds  of  pas3ag"e  was  observed  nt  the  Isle  of 
May,  at  the  mouth  of  the  Firth  of  Forth.  The  species  recorded  mcludc<l  Fieldfares, 
Redwings.  Ring-ousels,  Blaokbiids,  Pipits.  RedbRMsts,  Whindmli^  Bedstarts,  Ffed 
Flycatohsis,  Ortolan  Bonttag,  and  some  Lapwings. 
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may  be  seen  at  various  points  on  the  coast  and  the  off-lying  islands — the 

Fames,  Isle  of  !M.iy,  and  th(^  Pentland  Skerries  on  the  east,  and  the  Isle 
of  Man,  Dlmheatach,  Skerry vore,  Sule  Sk'erry,  and  even  the  remote 
Flannans,  on  the  west — and  at  the  various  isles  <»f  the  Orkney  and  Sliet- 
land  groups.  A  number  proceed  overland  in  various  directions  to  reach 
theooast. 

The  emigrants  for  North-west  Europe  mainly  move  along  the  east  coast, 
and  many  Ofoss  the  North  Sea  ere  the  Orkneys  and  Shetlands  are  reached, 
though  some  numbers  visit  these  islands  regalarly  on  passage  to  their 

Bcandinavian  summer  quarters. 

The  Lapwings  which  have  wintered  in  Ireland  begin  to  move  north- 
ward, in  mild  seasons,  about  the  middle  of  February ;  but  the  chief 
emigrations  take  place  during  March,  after  which  montli  they  fall  off, 
thongh  some  have  been  observed  in  the  end  of  April.  The  latter,  how- 
ever, are  exceptional  occurrences.  The  emigrants  mainly  drpart  from  the 
north-cast  coast  and  proceed  in  vari(ius  directions  towards  Scotland  :  these 
are  cliiofly  observed  (luring  the  daytime.  Thore  is  also  a  return  migration 
to  the  south-east  from  the  Wexford  and  adjacent  coasts  late  in  February, 
but  this,  like  most  emigratory  movements,  largely  escapes  notice,  and  our 
data  ref^Ufding  it  are  only  slight. 

No  return  mi^n  ations  ci  Lapwings  from  oar  sonth-eastern  shore^s  to 
Western  Central  Europe  by  a  west-to-east  passage  across  the  southern 
watei-s  of  the  North  Sea  have  been  detectcnl.  hut  when  we  call  to  mind 
the  difficulty  of  making  observations  and  the  general  obscurities  that  sur- 
round the  nocturnal  emigratory  movements  this  is  not  very  surprising. 


Index  Generum  ei  Speciervm  Anlmalium. — Report  af  the  Committee^ 
consistintj  of  Dr.  H.  Woodward  (Chairman),  Dr.  F.  A.  Bather 
(Secretanj),  Dr.  P.  L.  Sclatek,  Tiev.  T.  R.  B.  STEBBl^•G,  Mr.  li. 
McLachlajs',  ami  Mr.  W.  E.  Hoyle. 

Thb  Committee  bejr  to  report  that  the  first  section  of  Volume  T.  of  the 
*  Inde.x,' dealing  with  the  peri(»d  1  7">H  1 800,  has:  liecn  printed  off.  The 
volume  will  l><;  completed  l)v  a  list  of  all  the  specilic  names  indexed  under 
the  generic  names  with  wliich  they  are  associated.  This  part  of  tlie 
work  is  rapidly  approaching  completion,  and  it  is  expected  that  the 
▼oinme  will  be  issued  in  October  this  year,  as  already  announced.  It 
will  consist  of  about  1,300  pa|^  in  post  8vo,  and  will  be  published  by 
the  Cambridge  University  Press,  at  a  price  of  25s.  to  those  who  subscribe 
beff>re  the  day  of  publication. 

The  energies  of  Mr.  C.  Davies  Sherborn  have  naturally  been  fully 
absorbed  in  passing  these  sheets  through  the  press ;  but  work  on  future 
volumes,  which  has  never  been  wholly  laid  aside,  will  now  be  taken  up 
again  in  earnest.  The  Committee  therefore  earnestly  request  to  be 
reappdnted  and  to  have  a  renewal  of  the  grant  of  lOC^.,  without  which  this 
highly  important  work  cannot  be  carried  on. 
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Coral  Reefs  of  the  Indian  Jieywn. — Third  l{ei>ori  of  the  CommUiee,  1 
consiBling  of  Mr.  A.  Sedgwick  {Chah-man}^  Professor  J.  Gbaham  , 
Kerr  {Secretary),  Professor  J.  W.  Jcdd,  Mr.  J.  J.  Lister,  Mr.  | 
Francis  Dartiin,  Dr.  S.  F.  Harmer,  and  Professors  A.  Macalistbr, 
W.  A.  Hbbdhan,  and  S.  J.  Hickson,  apimnied  io  invettigale  the 
Structure,  FomuUimh^  and  QrowUt  of  Hie  Coral  Beefs  of  the  Indian 
Xtegion. 

TiiK  Committee  have  received  the  following  report  from  Mr.  J.  StanJejr 

Uardiner  :  — 

During  the  ^^reater  part  of  the  year  1  have  been  cn^agod  in  working 
up  the  Coral  Formations  of  the  Maldive  and  Laccadive  Archipelagoes. 
Most  of  the  collections  of  animals  aU»o  have  now  been  sent  out  to  various 
specialists,  and  ere  ewsiUng  identification. 

The  results  of  the  expedition  are  being  published  in  a  series  of  dotny 
quarto  parts  by  the  Cambridge  University  Press,  undt  r  tlie  title  of  '  The 
Fauna  and  Geography  of  the  Maldive  and  Laccadive  Archipela'^oes.' 

Parts  1  and  2  of  Volume  I  have  bocn  issued,  and  eontam  a  short 
Account  of  the  expedition,  and  Chapters  i.-VlI.  of  my  Keport  on  the 
Ooral  Formstions,  besides  the  lidlowing  special  reports  :  *  Hymenoptera,' 
by  P.  Cameroii ; '  Land  Cmstaoeans,'  by  L.  A.  Borradaile  ;  ^Nemerteaii%' 
by  R.  C.  Punnett  ;  '  Amphibia  and  Reptilia,'  by  F.  F,  Laidlaw  ;  *  Lepi- 
doptera,' by  Ed.  Meyrick  ;  '  Kchiuroidea,"  by  A.  E.  Shipley;  'Sipiineu- 
loidea,'  by  A.  E.  Shipley  ;  '  Land  and  Freshwater  Mollusca,'  by  Edgar 
A.  Smith  ;  *  Pigments  of  Corals,'  by  C.  A.  MacMunn  ;  *  Crustaceans 

i Varieties  and  Portunidae) '  by  L.  A.  Borradaile  ;  '  Chaetognatha,'  by 
J.  Doneaster,  and  '  Dragon  Flies,'  by  F.  F.  Laidlaw. 

Reports  have  also  been  received  on  the  Actinogonidiate  Echinoderms, 
the  Dredged  and  Freshwater  Fish,  Orthoptera,  Crustaceans  (Xanthidae), 
Turbellaria,  Earthworms,  Birds,  Cephalochorda, and  Nudibranchiata, and 
will  shortly  be  published. 

*  The  Botany  of  the  Maldive  Islands  '  has  been  exhaustively  dealt  with 
by  Mr.  J.  C.  Willis  and  myself  in  the  '  Annals  of  the  Royal  Botanic 
Oiurdens,  Peredeniya,'  vol.  i.,  part  2. 
The  Committee  desire  reappointment. 


Tite  Zoology  of  the  Smuln-ich  Ishmds. — Twelfth  Re  port  of  the  Committee^ 
consisting  of  Professor  A.  Newtox  (C/mima?i),  Mr.  David  Sharp 
(8ecretary)y  Dr.  W.  T.  Blanpord,  Professor  S.  J.  Hickson,  Dr.  P. 
L.  Sclatbr,  Dr.  F.  Du  Cake  Godman,  and  Mr.  Edgar  A.  Smith. 

This  Committee  was  appointed  in  liS90,  and  has  been  since  annually 
reappointed.  Last  year  a  grant  from  the  Association  wjis  asked  for  by 
the  Committee,  but  was  not  accorded.  The  Committee  were  conse4uently 
for  a  time  without  the  funds  necessary  to  enable  them  to  retain  the  ser- 
vices  of  Mr.  Perkins,  on  whom  the^  relied  to  complete  the  working  out 
ol  the  extensive  collections. 

Last  June  the  Committee  received  for  its  work  a  grant  of  *2QQl* 
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from  the  Government  Grant  Committee  of  the  Royal  Society.  In  the 
meantime  Mr.  Perkins  had  accepted  an  appointment  in  the  Sandwich 
Tilands,  and  there  is  now  little  proepect  of  nis  speedy  retntn  to  England. 
As  a  consequence  work  haa  been  suspended  to  a  considerable  extent. 
Mr.  Perkins  has,  however,  been  so  kind  ns  to  draw  up  an  account  of  the 
Birds  ;  and  the  working  out  of  the  Diptera  lias  been  completed  by  Mr. 
Urimshaw  and  I>r.  Spelser.  The  Hemiptoia  have  been  finished  by 
Mr.  Kirkaidy,  and  it  is  anticipated  that  the  supplement  to  I^pidoptera, 
by  Mr.  Megrriek,  aa  well  as  the  Miero-lepidoptera  by  Lord  Walsingham, 
will  shortly  be  ready  for  publication. 

The  Gommittee  ask  for  reappointment*  with  a  grant  of  i.'50. 


TeireHrial  Sunface-waves  and  Waffe4ike  Surfaces, — Second  Jieport  of 
the  CcmmiUteey  condgting  of  Dr,  J.  ScoTT  Kbltie  (C/ustman), 
Dr.  Yaughav  Cornish  {Scrreiary),  Lieat.<Ck>l.  Bailey,  Mr.E.  A. 
Floxbr,  and  Mr.  W.  H.  Wheeler.  (Dravm  up  by  the  Secretary,) 

Since  the  (Glasgow  meeting  the  observations  upon  drifting  snow  made 
iu  Canada  during  1900-1901  have  been  worked  up,  and  the  principal 
results  published  in  the  '  Geographical  Journal '  for  August  1902  ina  paper 
upon  Snow  Waves  and  Siujw  Drifts  in  Canada,  with  notes  upon  the 
Snow  'Mushrooms'  of  the  Selkirk  Mountains. 

Tn  this  paper  the  forms  of  stationary  snowdrifts  (or  sandhills)  formed 
in  the  neighl>ourh(>o<l  of  fixed  obstructions  are  for  the  first  time  brought 
into  harmonious  relationship  with  the  forms  of  travelling  snowdrifts  (or 
sandhills).  The  former,  when  completed  by  the  supply  of  sufficient 
material  to  fill  in  the  whole  of  the  eddy  space,  are  ii^lkycmorphiG  struc- 
tures of  easy  lines,  with  a  fine  *  run  and  relatively  bluff 'entrance' to 
windwaitl. 

In  the  travelling  drifts,  or  waves,  on  the  otiier  hand,  the  eddy  space 
on  tlie  lee  side  is  never  filled  uj),  as  it  continually  moves  forward  (wliich 
is  the  wave  motion),  and  the  form  maintains  the  fine  enttunce  and  blunt 
stem  which  is  the  aspect  of  greater  eddy-making  resistance. 

The  observed  shapes  of  incomplete  snowdrifts  (and  sandhills)  are' 
numerous,  but  it  is  believed  that  all  are  circumscribed  by  the  assigned 
ichthyomorphic  boundary,  the  lines  of  which  are  finerin  the  case  of  snow 
than  in  that  of  sand. 

Progress  has  been  made  in  the  examination  of  measurements  of  deep 
sea  waves  by  differwt  observeiu*  It  is  found  that  the  records  of  the 
velocity  of  ocean  swells,  observed  after  storms,  have  acquired  a  new 
interest  from  the  recent  reduction  of  about  25  per  cent,  in  the  factor  used 
by  meteorologists  for  calculatini;  the  velocity  of  wind  from  the  records  of 
the  cup  anemometer.  Employing  the  newer  values,  it  appears  tliat  the 
velocity  of  the  longest  observed  oceanic  swells  in  European  waters  is  but 
little  less  than  the  greatest  hourly  velocity  of  wind  reliably  recorded  ou 
our  coasts. 

An  extended  table  of  the  heights  of  deep-se^i  waves  as  related  to  the 
TdooiCy  of  the  wind  has  been  drawn  up,  in  wliich  it  is  found  that  when 
the  scales  of  estimated  wind  force  expressed  by  conventional  numbers  are 
reduced  to  a  common  standard,  and  the  newer  equivalent  velocities 


^  i;jKi.  „^  i.y  Google 


286 


BBPOirr^l902. 


applied  throughout,  fairly  concordant  results  nvo  obtained  for  observation* 
by  difft'rent  observers  made  during  ditierent  years  from  different  ships. 

Observations  liave  been  made  of  the  tidal  bore  iu  the  River  Severn,  of 
which  A  ■oooettfol  dnematograph  picture  was  obtained  at  Stomriieneh 
near  Qloacester,  which  has  been  described  in  the  '  Geographical  Journal ' 
for  January  1902  (*Cineniato;^aphing  the  8emil  Bore')-  Obaermtioiisof 
the  bore  have  been  made  at  other  places  on  this  river,  and  it  is  proposed 
to  continue  these,  and  to  make  similar  ol),>i'rvations  on  the  River  Trent. 

The  pictorial  record  of  terrestrial  surface  waves  and  wave-like  surfaces 
has  been  extended  by  new  photographs  of  the  Severn  bore  at  different 
stages,  breakers  in  a  storm,  wave  track  of  ship-models  at  the  Admiralty 
Experiment  Works,  Haslar  ;  the  wave  track  of  a  torpedo- l>uat  destroyer, 
^Iec,  and  observations  and  photographs  have  been  made  of  the  move« 
ments  of  mud  streams,  which  will      reported  upon  lat«r. 

The  grant  has  been  expended,  and  the  Committee  ask  for  reappoint- 
ment, with  a  grant  of  25/. 


Womni^s  Labour. — Si^roivf  T\>  ^^'ivl  of  the  Gommittef,  consistinfj  of 
Mv.  K.  W.  13HA!!no()K  {Chdiniian),  Mr.  A.  L.  Bowlky  {Secreiari/), 
Dr.  CuAHi.Fis  ik)orn,  I'rofessor  S.  J.  Chapman.  Miss  C.  E.  Collet, 
Prufrssor  F.  Y.  EoiiKWoKrib  Professor  A.  W.  Fli  v,  Mrs.  J.  11. 

AC  Donald,  ^It.  L.  L.  Price,  mul  Prof«^sor  W.  Smart, 
appoin  ted  to  investigate  the  Economic  Ejj'ed  of  Legislation  regulating 
W(men*8  Lalfour. 
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V.  Un  Leicester  and  Xorthampton.    CoinpiU  d  f mm  Rt'j/ort  by  Mr.  II.  Hal- 
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Hadley   a05 
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The  Committee  had  associated  with  them  in  their  work  Miss  A.  M. 
Anderson,  Miss  Helen  Blackburn,  Professor  George  Adam  Smith,  D.D*, 
and  Mrs.  H.  J.  Tennant. 

They  have  received  reports  from  investigatorsin  several  of  the  districts 
where  women  are  largely  employed*^   I&e  results  obtained  from  the 

'  Tlie  investigators  were  rcqucijlt'd  to  observe  the  foilowiug  points : 
I.  The  effects  of  the  legislation  generally  :~ 
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reports  are  contained  in  Appendices  I.  to  TX.  The  Committee  present 
these  results  as  instiilincnta  of  opinions  and  information  receivod  by  them 
bearing  upon  the  questions  referred  to  them,  but  must  not  be  understood 
to  have  adopted  a&j  of  the  oonclttnoiif  arrived  at  by  the  investigators,  or 
to  present  them  as  the  opinion  of  the  Committee. 

Beport«  having  refersnoe  to  the  industries  of  Glasgow  and  other 
parts  of  Scotland  liave  been  received,  hut  thoy  are  reserved  for  a  future 
report,  aa  some  of  the  <iuestions  iiivolvetl  have  given  rise  to  diacussioni 
and  it  is  desirable  that  fuller  infomiution  should  be  obtained. 

It  should  be  observed  that  all  the  subjoined  statements  relate  to  a 
time  previoQS  to  January  1,  1902,  when  Uie  Factories  and  Woricshops 
Act,  1901,  came  into  operation. 

The  Committee  have  also  obtained  information  bearing  upon  the  inquiry 
from  foreign  countries,  the  results  of  which  are  set  forth  in  Appendices  X. 
to  XV. 

For  obtiiining  further  information  and  presenting  the  general  results 
of  the  inquiry  in  a  oompleto  form  they  desire  to  be  reappointed. 


L— J7i«  Economic  Effect  of  L^islation  regulating  WometVs  Labour  in  the 
CoUan  Industry  of  Lattouhire,   By  Professor  8.  J.  Chapman. 

By  the  Act  of  Jane  6, 1844  (7  Yict.)  c.  15^  all  adult  females  in  foe^ 
tofics  ^^  pre  made  subject  to  the  same  restrictions  aa  young  persons.  They 
were  therefore  forbidden  to  work,  as  a  rule,  more  than  sixty-nine  hours 
per  week,  or  twelve  liours  a  day,  or  to  work  between  the  hours  of  i5.30  p.m. 
and  5.30  A.M.,  except  in  comparatively  rare  cases.  By  the  Act  of  1845 
(8^9  Vict.,  c.  29)  all-night  work  by  women  was  strictly  forbidden.  The 
Acts  had  no  marked  eflfoet  on  the  demand  for  women,  though  the  number 

(1)  Has  it  necessitated  or  induced  any  alteration  of  custom,  or  merely  en- 

forced what  was  cu.stomnrj'  before,  in  the  ca^e  of  the  ttotnen  tbemselvea, 
in  the  industry  in  question,  or  in  ottiers  related  thereto? 

(2)  Has  it  neoenttated  any  alteration  in  the  case  of  other  wotken  (men, 

yoan^  persons,  or  rhildron)  in  the  industry  in  qnestioB,  or  in  other 
induiitries  related  thereto 

II.  Tlie  eflbots  of  the  legislation  tpeeiattif,  on  the  position  of  women 

(1)  Has  it  lowered  or  raised  the  wages  of  wottlen  (eithsr  tempoiarily  or 

permanently)  ? 
(fi)  Has  it  caoscd  any  displacement  of  women? 

(3)  Has  it  initiated  any  important  changes  in  the  tue  of  maehincry  or  the 

division  of  labour  .' 

(4)  Has  it  increased  the  efficiency  of  the  women  themselves,  as  industrial 

agents  ?  And  is  this  efficiency  due  to  all,  or  only  to  some,  of  the  legal 
restrictions  ? 

(6)  Has  it  increased  their  economic  efficiency  as  member.^  of  society  (c.ff.,  with 
relation  to  home  life,  the  health  of  the  children,  the  morality  of  the 
race),  and  are  these  effects  dne  to  all,  or  only  some,  of  the  restrictions  t 

N.B.~The  Isgldstion  may  affect  the  demand  for  women's  Tmhom 

(1)  Directly,  in  the  indnstiy  in  question,  by  adding  to  diffienlties  of  manage- 

ment, or  by  diminishing  the  output  of  the  women  themselTss.  or  of 
others  en>i^ged  in  the  work. 

(2)  Indirectly,  by  etfects  on  other  industries  related  to  the  industry  in 

qnestioa ;  or  it  may  increase  the  supply  of  women  and  their  snbstitntion 
for  men,  by  rsnd«ing  the  work  healthier  or  easier. 
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of  *eliUdfeii  employed  in  ftketofiee  began  to  inoreese,  owing  partly  to  tie 
simpler  regalations  imposed  by  the  Act  of  i844J  Indeed^  on  oomparing 
the  years^l833  and  1847,  we  find  that  the  namber  of  ftdolt  wonsa 

employed  in  the  cotton  industry  increased  faster  than  the  nombsr  of 
cuiult  males.   The  immunity  of  women  from  any  special  loss  was  in  some 

degree  due  tojthe  fact  that  for  a  long  time  previously  male  operatives  hai 
been  bitterly  opposed  to  night-work,  and  that  the  system  of  night  work 
had  in  consequence  been  largely  discontinued.  Moreover,  the  numbers  of 
women  and  young  persons  employed  in  the  cotton  industry  were  so  great 
in  comparison  with  the  number  of  men  that  factones  could  not  be  carried 
on  witnont  them,  even  for  a  short  time,  with  any  degree  of  saoossi^  sad 
it  was  not  eoonomical  to  dispense  witii  them  entirely.  The  pecoUaiilj  sf 
thej  effect  of  the  Factory  Acts  in  the  cotton  indnstij  consists  in  the  cir- 
cumstance that  what  is  compnlsory  as  regards  hours  and  gsneral  otmditasBS 
for  women  must  be  compulsory  for  all,  because  the  mills  cannot  run  with 
male  operatives  alone  without  the  cost  of  production  rising  considerAMy. 
The  following  are  the  particulars  as  to  the  classes  of  people  employed  ia 
cotton  factories  in  1847  : — 


England  Males  Females 

Under  13        .      .  .  10»723  6.814 

Between  18  sad  18  .  .  38,814  47,944 

Above  18  .      .      .  .  78J83  88,950 

.  128,320  168,708 

Soofltad 

Under  13  ...  .  370  3Gr> 

Between  13  and  18  .  .  3.046  8,661 

Above  18  .       .       .  .  r>,796  1«,868 


8^21  28,885 

Ifolaad 

I'nder  13  ...      .                  4  .  11 

Between  18  and  18  .      .               692  778 

Above  18  ...     .               864  1,849 

1,660  :e.883 


Total  for.Uiuted£iogdom«    •         184,091  182,286 


thatfis,  there  were  85,533  adult  males  to  230,794  women,  young 
persons,  and  children.  In  1870  there  were  1 17,046  adult  males  to  333,041 
protected  persons,  and  in  1800  only  149,140  adult  males  to  383,774 
women,  young  persons,  and  children.  By  the  Act  of  1847  (10  Vict.,  c.  29) 
the  hours  of  young  persons  and  women  were  reduced  at  once  to  eleven 
a  day  and  sixty-three  a  week,  and  after  May  1,  1848,  to  ten  a  day  and 
fifty*oight  a  week.  Just  at  first  it  resalted  in  attempts  to  keep  the 
works  going  the  full  legal  day  (from  5.30  A.M.  to  8.30  p.m.),  with  rdays  of 
protected  persons.  The  relay  systems  adopted  were  complicated  and 
defied  the  attempts  of  the  factory  inspectors  to  find  out  whether  pro- 
tected people  were  being  worked  longer  than  the  legal  hours  or  not. 
Hence  the  Act  of  1850  (13  it  14  Vict.,  c.  HI),  which  did  away  with  this 
State  of  affiurs  by  fixing  the  legal  day  between  6  A.11,  and  6  p.m.,  or  in 

'  Horner  d  Report,  May  184G. 

*  Pu/rliamtuirif  PajHfrt,  1847,  slvL  010-18.  (Kumheis  ss  ia  British  Msssbb, 
MS.  ptging.) 
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winter  between  7  a.m.  and  7  p.m.,  at  the  option  of  the  employers.  By  an 
unfortunate  oversight  children  were  nor  })rought  under  this  statute,  so  in 
some  few  cases  male  adults  and  childieu  ^ve^H  sot  to  work  outsitle  tli(» 
legal  hours.  This  was  stopped  by  the  Act  IG  li:  17  Vict.,  c.  104,  which 
Hmitod  the  work  of  children  to  the  legal  day.  These  Acts  were  not 
followed  by  any  dtaplaoement  of  women.  On  the  oontmry,  in  the  period 
1 847-70  the  number  of  women  and  femalo  yonng  persons  employed  in 
cotton  factorips  increased  fastor  than  the  number  of  a<lult  mnles.  Tho 
centesimal  proportions  of  ditiereiii  classes  of  labour  employed  in  cotton 
factories  were  as  follows  in  Ib^O  and  iblb  : — ' 


Chiidrcu 

Xsto  (young 
pttnons) 

Femaleti  of  18  and 
above 

MidM  of  18  and 

above 

I860  1  1875 

1860 

1876 
8 

1850 

1876 

1850 

1876 

6-4    1  14 

103 

55-9 

&4 

27-4 

24 

The  eSect  of  this  legislation  in  cutting  down  the  working  day  for  all 
hands  alike  was  due  in  large  part  to  the  fact  that  the  male  operatives 
wanted  shorter  hours  for  themselves,  and  wanted  them  because  they 
believed  that  thereby  the  demand  for  labour  would  l)e  increased.  We 
cannot  enter  into  tiuir  views  here ;  but  they  certainly  fought  a  battie  lor 
abort-time  for  themedvee  '  behind  the  women's  petticoats.'  If  an  employer 
tried  to  dispense  with  protected  persons  for  certain  hours  of  the  day  he 
very  soon  found  that  the  Act  for  women  and  children  was  intended  by 
the  men  to  he  an  Act  for  themselves  also.  When  Leonard  Horner,  in 
1848,  questioned  1,153  operatives,  male  and  female,  as  to  their  views, 
61^  per  cent,  declared  in  favour  of  the  ten  hours'  day ;  out  of  the  502 
women  examined  only  b  i}  per  cent  showed  themselves  to  be  on  the  same 

The  next  important  Act  regulating  women's  labour  was  that  of  1874, 
the  'Factories  (Healtli  of  Women,  itc.)  Bill,'  by  which  a  56Jf  hours' 
week  was  enforced.  Though  not  applicable  to  male  adults,  it  curtailed 
their  labour  also  for  the  reasons  given  above ;  in  fact  it  was  openly 
advocated  by  the  male  operatives  in  their  own  intereeto.  Again,  in 
oonsequenoe^  no  diaplaoement  of  women  followed ;  in  the  period  1870^78 
the  number  of  women  and  female  young  persons  employed  in  cotton 
factories  increased  faster  than  the  numl>er  of  adult  males. 

8o  far  we  have  been  concerned  with  the  question  as  to  whether  tlltl 
Factory  Acts  atl'ected  women  prejudicially  in  any  special  maimer  ;  now 
we  may  pass  on  to  consider  whether  any  of  the  cotton  operatives,  male  or 
female,  euffered  at  all,  and  if  so  whether  the  advantages  oflbet  the  dia- 
advantsges.  I  can  find  no  proof  that  the  product  or  wages  fell  appreciably 
as  a  result  of  any  of  the  Act.s  ;  in  fact,  I  cannot  but  incline  to  the  view 
that  by  the  Acts  on  the  whole  both  the  product  and  wages  were  increased 
in  the  long  run.  Leonard  Horner  carefully  watched  for  the  eliects  of  the 
Act  of  1847,  and  in  1850  he  reported  that  the  djiily  output  under  shorter 
hours  was  about  tiie  same  as  before,  in  some  oases  even  with  machinery 

O;  at  the  old  speeds.  It  was  found,  he  said,  that  the  operatives  were 
er,  more  caraful^  and  fuller  of  vitality,  and  that  they  could  tend 

'  See  Uedgravu's  Keport  lor  April  Iblo, 
*  Homer's  Bepoct  for  December  1848. 
1902.  U 
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vithout  additional  sttaia  machineiy  rnnning  at  higher  speedt.  Thk, 
obterve,  was  before  the  foil  eflfect  of  the  Aet  in  inoreaaiDg  vitalitj  codd 
have  appeared.  As  to  the  Act  of  1874,  its  efiiacts  were  finally  reported 
to  be  '  tridiog  and  inaigniiioant'  as  regards  wages  and  the  avenge  diily 

output.' 

Of  course  in  sonu;  respects  the  legislation  specially  aHecting  women 
could  not  but  affect  their  earnings  occasionally  ;  for  instance,  the  refla- 
tion by  which  they  are  liouud  to  be  absent  from  the  factory  for  a  tixed 
time  after  child-birth.  This  period  is  now  four  weeks  (having  been  so 
fixed  by  Seotion  17  of  the  Factory  and  Workshop  Act,  1891),  bat  in  tbe 
opinion  of  many  medical  men  it  is  highly  desirable  that  it  should  be 
extended — some  say  to  three  months,  and  Dr.  Tatham  has  urged  to  as 
much  as  six  months.  Few  people  could  be  found  to  argue  seriously  th&t 
the  regulation  curtailing  attendance  at  the  mill  just  after  child-birth  ha> 
not  proved  beneficial  to  the  mothers,  and  it  is  highly  probable  tiiat 
women's  average  earnings  over  a  long  p«'rio(l  arc  thei  eby  increased. 

With  a  view  to  getting  suggestions  as  to  tiie  present  operation  of 
legislation  -  ailecting  u  omen  s  labour  and  learning  the  attitude  of  employere 
to  it,  1  sent  out  to  many  manufacturers  and  spinners  in  the  chi^  oeaties 
of  the  cotton  industry  a  circular,  of  which  a  portion  is  given  below 

*  Would  you  be  good  enough  to  tell  us — 

(1)  Whether  the  clauses  in  the  Factory  Acts  relating  to  womea 

hamper  you  in  any  way  1 

(2)  Whether  this  legislation  has  caused  a  displacement  of  womca 

or  ment 

i$\  Whether  it  has  raised  or  lowered  wages  f 
4)  Whether  it  has  afibcted  the  efficiency  and  health  of  women  t 

And  would  you  kindly  give  us  in  general  your  opinion  of  the  value  or 
otherwise  of  legislation  regulating  women's  labour  %  Would  yon  like  ii 
altered  or  extended  in  any  way  %  * 

The  replies  recei\ed  were  not  sutiiciently  numerous  to  enable  them  t<> 
be  regarded  as  typical.  However  a  bri«^f  summary  of  their  general  ttnor 
will  not  be  without  interest.  A  few  employers  argued  that  the  industry 
was  made  excessively  inehutic,  so  that  it  became  incapable  of  meetiiis 
sudden  demands.  As  regards  the  second  question  tiie  answer  was  invari- 
ably that  no  displacement  had  been  caused.  To  the  third  question  the 
answer  was  in  almost  every  instance  that  wages  had  not  been  affected. 
Many  were  agreetl  that  the  legislation  on  the  whole  had  improved  health, 
and,  consequently,  etticiency,  though  some  thought  that  parts  might  \y9 
rendered  less  interfering.  One  important  firm  expressed  itself  as  strongly 
of  opinion  that  the  period  (now  four  weeks)  after  confinement  during  which 
women  arc  not  allowed  to  work  should  be  extended. 

'  IJcpoits,  .vc,  ISTfi,  xvi.  293.  .Sec  also  i;(  j)<>rts  .5^ c,  1876,  xvi  317, and  Idle, 
xvi.  301.    (^Numbers  as  in  British  Museum,  Mb.  pagmg.) 

*  No  attempt  has  been  made  to  estiiBate  the  effect  of  the  twelve  o'clcok  Sstvday, 
owing  to  irs  recent  introdactton. 
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II. — The  We$i  Riding  of  Yorkshire.    Me^rt  by  ^Ir.  A.  L.  Lu\vlK¥. 

The  following  report  \b  l)aso<l  cliieny  on  the  resaltB  of  »  visit  to  tho 
chief  towns  and  districts  of  tin-  \V»  st  Riding  in  the  summer  of  1901, 
together  with  some  study  »>f  reports,  pamphlets,  and  newspapers  relating 
to  tlie  textile  industries  of  Yorkshire.  Information  was  obtainefl  from 
eoiploypis  in  Bradford,  Hudderstifld,  i>atley,  L»*e<lh,  and  eisewliere,  from 
the  principal  trade-unionists  connected  with  the  textile  industries,  from 
medicAl  offioen  of  bealth,  workpeople,  and  others.  Besides  the  textile 
BHHrafMtnie,  the  Leeds  clothing  trade,  and  the  boot  trade  of  tlie  Leeds 
district  were  the  satgeot  d  inqniiy. 

There  have  been  very  few  alterations  in  the  laws  since  1874  which 
tfliMSt  the  woollen  and  worsted  industries.  The  present  generation  has 
grown  up  uTider  the  Act  of  l!S74,  and  it  was  very  seldom  possible  to  get 
any  dctinite  information  as  to  the  cliaiirres  that  took  place  at  or  befnrf; 
that  dat«.  The  most  profitable  plan  apj)earr<]  to  he  to  tind  out  at  what 
fioints  the  laws  as  they  now  stand  are  visibly  restricti\  e,  and  hence  to 
deduce  the  effects  they  have  had  iu  moulding  customs  and  conditions. 

Tbs  preliminarj  question  however  was,  Are  the  laws  carried  out  t 
The  genml  impression  is  that  the  whole  lives  of  the  workpeople  are  regu- 
lated on  the  basis  of  tlie  legal  hours  of  labour.  There  was  some  hearsay 
e?idence  that  in  one  village  ilK  L;al  fiours  were  recently  worked  with  the 
connivance  of  the  inhabitants ;  that  small  workshops  in  Leeds  in  some 
cases escapeti  inspection,  and  that  work  was  doDc  beyond  legal  hours  both 
in  the  Jewish  worksliops  and  in  the  case  of  girls  in  the  wholesale  tailoring, 
who  are  given  home-work  after  being  employed  in  the  factory.  Minor 
breach&i,  on  the  other  hand,  appeiir  to  be  not  uncommon.  Inspection  is 
nnileied  more  difficult  by  the  thirty  days'  legalised  overtime.  In  most 
ttoaiben  of  the  *  Yorkshire  Factorjr  Times '  there  are  complaints  that  in 
one  miH  or  another  time  is  being  cnbbed.  Working  in  meal  hours  is  not 
snknown  ;  though  the  engine  is  not  mnning,  women  are  apt,  unless  pre- 
foited,  to  do  odds  and  ends  which  will  prevent  loss  of  time  aftenvards. 
There  are  also  con«5tant  and  specific  complaints  that  cleaning  in  motion  is 
necessary  to  satisfy  the  overlooker's  demands,  especially  in  the  carding- 
room.  In  Batley  cleaning  in  motion  is  said  to  lie  *  customary,  and  no  one 
troubles/  The  *  particulars  'clause seems  to  fall  easily  out  ot  etKctiv**  use 
in  the  clothing  tnuie,  but  it  is  said  to  be  useful.  In  the  main,  however, 
ihe  laws  as  to  hours  are  carried  out,  and  the  Acts  have  become  more  and 
nore  eflfoctive  in  workshops,  while  laundries  are  now  being  rapidly  brought 
under  supervision. 

A  special  object  of  inquiry  was  to  find  at  what  points  women  actually 
competed  with  men,  and  in  what  cases  women  worked  56^  hours,  while 
men  in  the  same  factory  worked  a  longer  «ir  a  sliorter  time. 

In  the  Bradford  dyeing  trade  men  worked  from  r).0  a.m.  to  7.0  p.m.  on 
a  full  day,  the  engine  runninj?  all  the  time.  The  few  wouien  employed 
worked  ten  hours  a  day  and  5(31  hours  a  week  with  the  same  engine. 
When  ni^ht-work  is  necessary  young  men  work  on  the  women's  machine. 

Combing  has  in  comparatively  recent  times  become  a  women's  trade 
in  the  day- time.  In  Bradford  the  women  work  56 J  hours,  while  men  at 
night  on  the  same  machines  work  sixty- one  to  sixty-three  hours,  the  two 
groups  meeting  momin{^  and  night  Where,  however,  as  at  Keighley, 
msster  spinners  do  their  own  combing,  it  is  customaiy  to  run  overtime 
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instead  of  night-aliiftfly  and  then  men  are  employed  througliontk  for  it  If 
not  worth  wlSle  to  put  on  a  shift  of  men  for  a  few  hours.  In  otiber  siiidar 
cases,  however,  some  of  the  men  carders  work  at  the  combs  when  the 

women  leave,  the  remainder  keep] th«»ni  supplied.  It  seems  the  general 
opinion  that,  were  the  Acts  removed,  the  women,  whose  work  is  crbesper, 
would  be  driven  to  overtime  and  night  work. 

When  there  is  great  pressure  men  succeed  the  girls  after  hours  at  flj- 
spinning  in  Bradford. 

In  Uie  card*room  the  grinders  (men)  often  work  overtime. 

At  Hnddersfield  men  work  fifty  •nine  hours,  women  56^,  in  the  ssse 
room  at  the  scrihbling  machines.  The  feeding  machine  starts  at  6.0  and 
runs  without  stopping  till  8.0  or  9.0  p.m.  in  busy  times.  The  male  Isttlsts 
leave  their  proper  work  to  tend  it  before  the  women  come,  itffeer  they  gO| 
and  duriiiij  meal  times. 

At  HuddersHeld,  when  night  weaving  is  necessary,  and  occ  isirciaily 
only  for  overtime,  the  men  continue  the  piece  that  the  women  have  be'gun. 
More  than  one  manufacturer  in  Leeds  and  iiatley  has  tried  uight  weaving 
with  men,  but  found  that  it  did  not  answer. 

Spinning  is  also  oooasionally  done  at  night  in  the  HnddersfidU  and 
Batley  district^  young  men  acting  as  pieoers  instead  of  girls. 

InBatleyit  is  quite  common  for  men  to  work  overtime  on  the  women's 
carding  machines.  They  get  bd,  an  hour,  the  women  12s.  for  66^  boon, 
ft*tf.,  2^d.  an  hour.    Tlie  mr-n  do  one  third  more  work  in  the  same  time. 

In  some  factories  the  men  still  work  the  h£ty*nine  hoars  general  before 
1874. 

Thus  there  are  many  cases  where  tlie  women  work  full  hours,  and  are 
then  succeeded  by  men.  On  the  one  hand  this  indicates  that  there  us  an 
unsatisfied  demand  for  cheaper  women's  labour ;  on  the  other,  that  the 
Acts  have  a  very  distinct  offset  in  restricting  their  hours.  ^  The  genesal 
opinion  seems  to  be  that  the  women  do  not  resent  this  interference,  and 
that^  though  as  individuals  they  would  probably  work  longer  howB  if 
allowed,  as  »  body  they  would  be  unwilling  to  do  so. 

It  is  only  in  special  cases  that  this  interchange  is  possible.  T  vrns 
told  that  in  the  Leeds  boot  trade  men  and  women  do  not  compete  :  tli*^ 
line  of  demarcation  of  work  is  impass{il)lc.  in  the  wholesale  clothii.:^ 
factories,  pressing  is  the  only  work  done  both  by  men  and  women.  When 
there  is  no  necessary  line  custom  may  often  provide  an  elective  one. 
The  case  is,  however,  often  decided  by  the  demand  for  labour  in  other 
industries.  Thus  in  Iieeds  the  men  and  boys  rapidly  find  employment ; 
hence  the  pieoers  are  girls  and  the  weavers  are  women.  In  BaUey  the 
mines  have  been  progressively  taking  the  men  from  the  looms,  and  the 
proportion  of  men  weavers  is  diminishing.  In  Huddersfield  there  is  still 
a  large  number  of  men  weavers.  Oi  all  the  factors  which  decide  whether 
women  or  men  shall  be  employed  on  a  particular  machine,  it  appears  to 
me  that  the  restrictive  laws  are  the  least  important  ;  the  relative  expense 
of  the  labour  of  the  two  sexes,  the  suitability  of  the  work,  local  custom.,  the 
demand  for  labour  in  other  industries,  all  have  great  influence ;  but  the  cases 
where  men  are  prefsmd  to  women,  because  lai  the  66^  hours  Inw,  aie  hr 
to  seek.   I  inquired  on  this  pointof  eveiy  one  I  talked  with,  and  anongit 

>  It  should  be  remarked  In  this  ccmnection  that  in  the  Beading  printing  and 
binding  tvadsa  the  ordinaiy  hours  aie  below  the  legal  limit,  ystaeoeasaiy  ovatttos 
cn  the  womsnia  mschiniw  is  done  by  men* 
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m  genenl  body  of  doouU  I  fonnd  only  the  foUowing  ezoeptioiiB  :  the  osse 
of  the  woolcomben  in  the  Keighley  distriot^  alraady  montioiied ;  in  a 
Leeds  factoiy  it  was  said  that  overtime  was  necessary  in  pattern^weaving, 

and  hence  a  very  few  women  perhaps  lost  work  ;  a  prominent  member  of 
the  T>^rHis  ('hamlwr  f)f  Commerce  alleged  that  there  were  many  suoli  cases, 
but  failed  to  product'  details  ;  at  llebden  Bridije,  in  a  mill  where  wpaviii!> 
and  the  making  up  of  ready  made  clothini;  were  carried  on  in  the  same 
building,  men  weavers  were  t^ikeu  in  order  that  they  might  work  the 
SHne  hoBis  as  in  the  clothing  department,  but  this  was  a  very  unusual 
difficulty. 

The  Isct  seems  to  be  that  the  whole  industry  of  the  West  Riding  is 
accommodated  to  the  laws,  and  tluit  there  is  in  nearly  all  districts  an 
equilibrium  between  the  demand  for  labour  of  both  sexes  and  all  ageo  and 

the  HtffH-tive  supply  ;  that  nion  could  not  be  obtained  for  th(^  women's  work 
(■r\t  any  piacticaljlf  wage),  even  if  tliey  could  do  it  ;  and  that  all  etiicient 
women  can  get  work  in  their  respective  industries  when  they  ure  modei*ately 
busy. 

It  is  an  important  but  very  ditiicult  problem  to  decide  what  hours 
voold  now  be  worked  in  the  factories  if  there  were  no  Acts.  The  following 
instanees  go  to  show  that  the  hours  would  be  longer :  the  oases  above 
given  where  the  women  stop,  but  their  work  is  carried  on  ;  the  attempt 
of  the  women  to  put  in  extra  work  at  meal  times  ;  the  frequent  cases  of 
overtime  worked  by  men  in  various  parts  of  the  factories  ;  twelve  factories 
in  the  Batley  district  where  the  men  still  work  the  old  fifty-nine  or  sixty 
hours  ;  the  loriL:»'r  hours  saifl  to  be  worke<l  by  non-regulated  home  workers. 
On  the  other  liaml  we  have  thf  ft'Howing  instances  of  tlio  working  of 
bborter  hours  than  the  leii:al  minimum.  In  the  Leeds  bout  trade  and 
ID  the  wholesale  clothing  trade  men  and  women  only  work  fifty-four 
bovs  or  less,  though  in  the  latter  legal  overtime  brought  up  the 
average  to  fifty-six  £>urs  in  1891.^  In  1872  one  hour  was  taken  off  in 
BrMlrotd  woolcombing  without  legislation,  and  a  fifty- nine  hours'  week 
vas  common  in  many  places  lief  ore  1874,  while  sixty  hours  were  still 
;  full  work  was  often  not  done  between  noon  and  one  o'clock  on 
Saturday  before  the  recent  legislation.  Hours  in  general  in  men's  trades 
are  tifty-foiir  or  less  without  lej^islation,  though  overtime  is  not  uncommon. 
Kiiipiuyeiii  and  workers  often  admit  that  overtime,  where  allowed,  i.s  not 
aeonuinical,  and  that  56^  hours  is  as  long  as  women  can  work  elhciently. 
Emplojees  are  very  anxious  to  get  off  in  the  evening  ;  the  rearrangement 
in  1^*74  intended  to  make  work  begin  half  an  hour  later  has  been  generally 
oaed  to  stop  work  half  an  hour  earlier. 

Without  the  Acts  it  seems  certain  that  less  uniformi^  would  have 
Vi^n  obtained,  and  that  in  many  cases  excessive  hours  would  now  be 
worked  ;  and  it  is  not  easy  to  instance  any  occupation  where  the  hours 
would  probably  have  been  shorter. 

Various  opinions  were  held  on  the  (juestions  whether  the  Acts  were  a 
serious  hindrance  to  employers  in  any  respects,  and  whether  they  had  any 
flfet  in  making  trade  more  regular,  or  in  equalising  employment  through 
a  district  In  the  specially  seasonal  brandies  of  the  textile  industries 
the  abience  of  elasticity  is  sometimes  felt,  and  some  manufacturers  wish 
for  regulated  overtime,  as  allowed  in  the  wholesale  clothing  trade.  A  silk 
msaufactorer  neiir  Bradford  stated  that  his  weavers  could  only  averaj^e 
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fifty  hours  a  week  through  the  year,  but  that  he  had  to  refuse  orders  in 
the  busy  season.  A  Leeds  worsted  and  wool  manufacturer  found  thit 
his  whole  work  was  liindered  and  orders  lost  by  the  impossiliility  of 
employing  knotters  and  menders  overtime.  One  Leeds  clothing  tirin 
desired  more  lenralised  overtime  to  make  up  for  lost  time  ;  another  found 
the  present  allowance  sutlicient ;  small  tirms  feel  the  restriction  more 
tbau  large  ;  others  admit  the  difficulty  but  do  not  recomtnend  any  change. 
In  1895  the  I^eeds  Chambers  of  Commerce  made  the  following  represen- 
tation to  the  Government :  '  The  time  allowed  by  Section  o3  of  the  Act 
of  1878  should  remain  as  it  is,  subject  to  the  inclusion  of  the  wooUn 
textile  industry.  .  .  .  The  time  allowed  by  that  Act  (thirty  days*  over- 
time in  the  year)  is  not  excessive,  having  regard  to  tlie  particular  sti>»ss  of 
work  and  orders  there  is  at  special  times  of  tlie  year.  Owing  to  the 
altered  circumstances  of  trade  and  the  altered  conditions  under  whicli  the 
•woollen  tnide  is  now  carried  on,  that  trade  should  have  the  same  advan- 
tages granted  to  it  as  are  granted  to  the  wholesale  clothing  trade.'  I  could 
not  find,  however,  that  there  was  in  1901  any  strong  or  widespread  feefing 
in  favour  of  the  extension  of  legalised  overtime.^ 

Owing  to  the  intern  of  conunisaion  weaving,  a  firm  can  take  more 
ordors  than  can  be  executed  in  its  own  premises  ;  and  by  this  means  a 
pressure  of  work  can  be  distributed,  if  not  directly  among  the  factories,  at 
any  rate  indirectly  by  the  commissi(m  weavers  taking  work  from  the 
busiest  tirms.  The  exact  nature  of  the  pressure  differs  greatly  from  town 
to  town,  and  factory  to  factory.  There  was  no  evidence  that  the  etVect  of 
the  Acts  was  to  diminish  Llie  inequalities  of  the  seasons.  On  the  whole 
it  seems  that  the  manufacturers  are  not  serioualy  inconvenienced  by 
restricted  hours,  except  in  special  branches  for  ehoit  neriods.  A  hm 
extra  hours  would  allow  some  employers  to  accept  omra  Uiey  would 
otherwise  refuse,  and  be  more  punctual  in  delivery  ;  some  orders  may 
under  present  circumstances  be  pUced  in  Germany  that  would  otherwisa 
go  to  the  West  Riding  ;  hut  tliere  is  no  evidence  that  tht'  West  Pii<Ung, 
as  a  whole,  cannot  cope  vvitli  its  work,  and  at  the  most  the  restriction  of 
hours  would  be  only  a  minor  cause  in  displacing  trade. 

As  regards  wages,  it  must  be  admitted  that  it  is  imix>ssible  to  deter- 
mine whether  the  reduction  of  hours  in  1874  had  direct  etTect  on  wages  or 
not.  So  many  important  changes  and  events  took  plaoe  about  that  tins 
that  the  effect  of  the  diminution  of  the  working  week  by  one-twentiaili 
must  be  masked  by  other  changes.  General  wage  statistics  are  nii 
sufficiently  accurate  to  enable  us  to  identify  a  particular  change  ol  Bd.  per 
week.  No  one  I  spoke  with  recollects  any  specific  change  in  weekly, 
hourly,  or  piece  rates.  Two  combers  state  that  there  wa.s  no  change  in 
wages  in  1874,  but  that  there  was  a  gradual  fall  after  that  date.  Manu- 
facturers near  Bradford,  at  Batle}^  and  in  Leeds  agree  that  the  rates 
v;ere  unaltered  ;  thus  all  on  weekly  wages  obtained  the  same  after  ai> 
before  the  change  in  hours  ;  but  those  on  piece-rates  (that  is,  all  the 
weavers)  earned  less,  except  in  so  far  as  they  could  make  up  by  increaNd 
hourly  output ;  whether  they  made  up  the  difference  or  not  is  a  question 
on  which  various  opinions  are  held,  but  there  are  no  statistics  to  ba^ 
them. 

In  the  clothing  trade,  it  is  said,  the  price  list  hung  up  in  aoooidanM 

'  For  conflrinntion  of  ihis  ^pf;"  Errfory  Tntpeetor*$  Htport  for  1900  (Od.  S68)* 
p.  275,  re  overUme  allowed  for  War  Oihoe  contraots. 
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with  tho  'particulars'  clauso  tends  to  make  wages  more  uniform  and  to 
level  them  up. 

The  smaller  workshops  have  recently  come  under  more  ctlicient  in- 
qteetion.  One  of  the  lady  inspeoton  reports  that  under  inspection  they 
often  become  of  a  higher  claas*  do  better  work,  and  attract  better  workers. 
The  same  improTement  takes  phMse  in  UundrieB. 

In  some  cases  girls  take  oat-work  in  order  to  work  longer  hours  than 
are  allowed  in  the  factory  ;  and  restriction  of  hours  may  thus  teiid  to 
increase  out-work  :  but  in  thf>  main  out- work  is  only  taken  from  neoedsity 
by  women  who  civup.ot  leave  their  home  all  day. 

Every  enlargement  of  the  tield  of  insj>ection  among  the  small  work- 
sho|^  (the  smallest  of  which  are  s;iid  still  to  escape  inspection)  leads  at 
once  to  a  shortening  of  hours  and  improvement  of  general  conditions. 

On  all  sides  thera  was  agreement  that  great  improvements  had  taken 
place  in  sanitaiy  ronditioos.  The  factory  inspectors  and  medical  officers 
work  together,  and  a  high  standard  is  aimed  at  and  is  gradually  being 
aitMned. 

I  now  summarise  the  information  I  obtained  on  the  lines  laid  down  by 
the  Committee 

L  (1)  The  legislation  of  1874  and  the  parts  of  the  Acts  since  that 
date  whk^  are  specially  operative  have  decided  the  hours  and  conditions 

of  women's  work  in  the  woollen  and  worsted  industries ;  in  the  ready-_ 
made  clothing  trade  the  normal  wefk  is  less  than  th(;  legal  hours^  but 
overtime  is  closely  limited  by  the  Acts  ;  in  the  boot  trade  the  hours  are 
less  than  th(^  Lgal  minimum.  In  respect  of  sanitation  and  safety  the 
Acts  tend  to  level  up  the  worst  conditions  to  the  best. 

(2)  In  many  cases  persons  unrestricted  by  the  Acts  obtain  empluynn  nt 
at  times,  and  of  a  nature  decided  by  the  Acts,  chielly  in  continuance  of 
the  women's  work ;  also  in  a  great  part,  but  not  the  whole,  of  the  woollen 
and  worsted  industries,  men  necessarily  work  the  same  hours  as  women. 

II.  (1)  There  has  been  no  effect  on  wages  directly  traceable  to  the 
Acts. 

(2)  The  cases  in  which  women  have  not  been  employed  because  of 
restrictions  are  very  few  and  unimportant. 

(3)  No  important  changes  in  division  of  labour  or  the  use  of  machinery 
hive  Ijeen  initiated  by  the  Acts,  but  the  regulation  of  the  time  of  work 
has  many  intricate  eflects. 

(4)  and  (5)  There  is  no  direct  evidence  as  to  the  effect  on  women's 
tndostrial  or  social  efficiency,  but  there  is  |;eneral  agreement  that  longer 
hours  would  be  harmful,  axid  that  the  existing  restrictions  are  beneficial. 

Tn  general,  it  may  be  said  that  the  whole  industry  of  tlic  West  Hiding 
U  iiH.uMed  to  suit  the  peculiar  conditions  of  supply  and  sulj*livision  of 
work  caused  by  the  prevalence  of  women's  and  children's  labour,  and  the 
Factory  Acts  have  had  considerable  influence  in  determining  the  nature 
of  the  supply  of  labour  in  detail.  The  Acts  have  had  no  perceptible  and 
traceable  efTect  either  on  the  amount  of  trade,  or  on  the  main  lines  of  the 
subdivision  of  work,  or  directly  on  the  amount  of  earnings,  all  of  which  are 
decided  by  wider- reaching  influences  ;  but  their  etfects  on  the  comfort, 
health,  and  rcjo^ularity  of  ^he  liv^  o(  th^  workers  b^ve  been  ^reat  and 
beneficial, 
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III. — Report  on  Birmingham,    By  Miss  B.  L.  Hutchihs. 

In  the  course  of  rather  more  than  a  three  weeks'  visit  to  Birmin^^ism 
twenty-two  factories  have  been  visited,  six  workshops,  and  several  faetoiy 
women  and  girls  in  their  own  homes.    Tliree  of  the  mannfactoren  seen 

declinerl  to  show  the  works,  but  consented  to  answer  a  few  questions. 
The  majority  of  works  seen  were  devoted  to  tlie  niaTinfaf'ture  of  bniss, 
jewellery,  and  other  metal  wares  ;  the  workshops  visited  were  tailors'  and 
button -makers'.  Interviews  were  obtained  with  Mr.  Knyvett  (H.M. 
inspector  of  factories),  with  Mr.  Parker  (inspector  of  nuisances),  and  Mr. 
Keasey  (inspector  of  workshops) ;  also  with  four  trade-union  secretaiiei^ 
two  doctors  (one  a  lady),  and  with  one  or  two  persons  interested  in  the 
condition  of  working  women.  The  questions  put  usually  fell  under  the 
heads  of  employment,  hours,  and  wages.  The  inter\news  obtained  may 
perhaps  be  considered  fairly  representative  and  characteristic  of  the 
typical  metal  industries  of  liirmingham  in  which  women  are  employed  ; 
but  it  is  prol)able  that  so  short  and  inadequate  a  study  gives  far  too 
favouraljle  an  impression  of  industrial  conditions  (generally.  A  stranir^^^r 
paying  a  visit  of  only  a  few  weeks'  duration  ib  hospitably  shown  whatever 
18  best,  and  I  was  warned  more  than  once  that  I  should  not  see  the 
worst  It  IS  obviously  very  difficulty  if  not  impossible,  in  that  space  of 
time  to  become  acquainted  with  the  lower  walks  of  industry,  the  small 
masters,  and  the  sweated  tailors  and  dressmakers.  I  was  told  that  veiy 
black  spots  exist,  in  which  no  attention  is  paid  to  sanitnry  regulations  and 
tho  hours  worked  are  unduly  and  miserably  long.  By  the  kindness  of  the 
inspector  of  workshops  and  one  of  the  health  visitora  I  was  able  to  pay 
a  cursory  visit  to  a  few  workshops. 

Questions  as  to  employment  were  intended  to  elicit  information  to 
Query  II.  (2)  of  scheme.    The  evidence  on  the  whole  is,  with  one  im- 

Sortant  exception,  practically  unanimous  that  the  legal  limitation  of  the 
ours  of  labour  is  no  bar  to  the  employment  of  women.  Questions  as  to 
competition  between  men  and  women  were  invariably  taken  by  the 
answerer  to  mean,  not  the  encroachment  of  men  on  women's  work,  but  of 
women  on  men's.  The  influence  of  women's  competition  in  lowering  the 
wages  of  men  is  felt  to  be  a  real  and  present  danger  to  the  standani  of  life 
of  whole  classes.  But  the  idea  that  a  man's  lepil  freedom  to  work  un- 
limited liours  ean  cause  a  restrietion  of  tiie  woman's  field  of  employment 
;s  entirely  unfamiliar  to  the  industrial  world,  and  a  direct  c^ueiiUou  on 
this  head  usually  elicits  a  flicker  of  amusementw  Krmingham  mannfse- 
iurers  do  not  as  a  rule  worry  about  being  restricted  by  law  to  wwk 
between  8  A.M.  and  8  p.m.,  because  custom,  trade-union  pressure^  cr 
tl^eir  own  ideas  of  profitable  working  usually  restrict  them  between  8  A.U. 
and  6  or  7  p.m.,  and  the  influence  of  legislation  in  shortening  hours  (at 
any  rate  in  metal  industries  on  a  large  scale)  is  interestini:  chiefly  from 
|t«  historical  signiticance.  There  can  lye  no  doubt  that  the  hours  of  work 
were  formerly  much  longer,  and  that  the  Factory  Acts,  after  Win? 
bitterly  opjjosed  by  the  manufacturers,  tiiught  them  a  valuable  practical 
lesson  of  the  bad  economy  of  excessive  work.  Mr.  Baker  has  recorded 
a  case  of  a  Birmingham  firm  of  button  makers  who  in  1866 '  became 
so  dissatisfied  with  the  conditions  and  mode  of  life  of  their  wori^people 
that  they  voluntarily  ap]^ed  the  provisions  of  the  Eactory  Act  for  teKtUsB 

'  j^j^ort  qf  Factory  In$pecU)r,  1870,  xv.  p.  44. 
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(1844)  to  thfllr  own  fiustory,  and  foand  its  advantage.  A  aimilar  case  has 
been  told  me  here  by  another  manufacturer  from  his  own  experience. 
Others,  although  not  old  enough  to  remember  so  tar  back,  have  explained 

to  me  most  carefully  the  bad  economy  of  overtinip.  In  former  times, 
when  customary  hours  were  loiiLjer,  it  would  seem  that  in  cases  where  the 
men's  work  required  the  assistance  of  women  in  distinct  but  complementary 
operations,  as  in  the  tinning  and  enamelling  trade,  the  Factory  Act  resulted, 
not  in  the  suhetitntion  of  men  for  women,  but  in  the  shortening  of  men's 
hours  also.^ 

The  tendency  is  evidently  in  the  direction  of  a  still  further  shortening 
of  hours  in  some  quarters.  '  There  may  be  a  limit  to  which  hours  can  be 
profitably  reduced,  but  we  haven't  fountl  it  yet,'  wan  one  remark.  ^STany 
employers  pi-efer  to  stop  work  at  6  rather  than  give  an  interval  for  tea  ;  a 
firm  of  hinge  mannfaotarers  have  recently  made  this  reducdon,  and  con* 
sidered  that  more  regular  work  was  obtained.  Others,  again,  seem  to 
prefer  to  take  the  inter\  al  and  work  a  little  longer,  one  giving  the  reason 
that  '  the  girls  irnnhJ  have  their  ten'  ;  while  another,  whom  I  heanl  of  at 
second  hand,  thought  '  the  girls  worked  better  after  tea.'  On  the  other  hand 
the  meal-times  regulation  is  sometimes  felt  as  a  grievance,  but  not  very 
acutely.  The  same  hinge  manufacturer  considers  the  '  period  of  employment' 
»  grievance  in  summer,  and  thinks  it  would  he  better  for  hands  to  work 
early  and  late  rather  than  in  the  m iddle  of  the  day.  The  maoaging  foreman 
at  a  firm  of  printers  finds  it  a  distinct  inconvenience  not  to  be  able  to 
keep  women  to  work  overtime  in  turn,  as  he  only  requires  about  two 
women  twice  a  week,  and  dismisses  them  other  days  well  within  legal 
limits.  These,  however,  are  comparatively  trivial  and  inconsiderable 
objections.  The  'important  exception '  alluded  to  above  is  a  well-known 
manufacturer  whose  indictment  of  legal  regulation  of  women's  labour  is 
all  the  more  formidable  in  that  he  is  himself  an  advocate  of  shorten  Ihl; 
hours  on  economic  grounds,  and  woiupm  in  his  employ  work  only  forty-fight 
hours  a  week  as  a  rule.  This  gentleman  di&ipproves  of  the  lixed  '  period  of 
employment,'  and  charges  the  Act  with  hindering  women  from  rising  in 
their  trade.  Women  are  employed,  he  argues,  but  at  a  disadvantage : 
they  are  prevented,  in  his  opinion,  from  holding  responsible  positions  as 
managers,  for  which  tiiey  are  perfectly  competent,  by  the  fact  that  on  an 
occasional  emergency  they  cannot  be  at  hand  to  doal  with  it.  It  will  be 
sf^en  tfiat  this  aftack  is  strictly  relevant  to  the  scheme  of  investigation, 
wliiki  on  the  other  hand  it  cannot  well  be  met  by  evidence  from  manual 
industry  alone,  iiis  case  is  that  the  Factory  Acts  disqualify  women  for 
the  higher  and  better  remunerated  posts,  and  thus  restrict  la  earrih^ 
ouverte  aux  ialenit,  and  it  is  no  answer  to  him  to  show  that  women  are 
in  great  request  for  lacquering  or  machine  tending.  Part  of  this  argu> 
ment,  however,  tolls  both  ways  ;  for  the  development  of  industrial 
efficiency  in  women  may  itself  be  due  to  the  regulations  of  the  Acts. 
If  the  conditions  of  women's  work  have  been  humanised,  and  the  strain 
of  it  diminished,  industry  itself  may  have  been  made  more  attractive, 
and  drawn  a  larger  number  of  recruits  from  good  homes  and  healthy 
families  than  would  otherwise  have  been  the  case. 

As  to  Query  II.  (1)  the  general  notion  seems  to  be  that  women's 
wages  have  risen  in  Birmingham  industries.  The  brassworkors*  secre- 
tary attributes  the  rise  to  the  operation  of  the  Acts  themselves.  He 

*  8ee  Factory  and  Work$hop  Cammimon,  1876,  Minutes  of  Evidence,  Query  6505, 
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thinks  the  etiect  also  very  important  with  regard  to  men's  labour.  I 
cannot  say  tliat  anything  I  have  heard  or  seen  here  gives  me  tli**  impre-s- 
fiiou  that  at  the  present  time  wages  in  factories  are  at  all  affected  one  wa^- 
or  other  by  Uie  Acts.  While  attributing  the  greatest  importamoe  to  tw 
early  Faetory  Acts,  whieh  set  limits  to  the  exploitation  of  labour,  and 
thus,  by  restricting  hoars,  indirectly  helped  to  raise  the  standard  of  lifs 
and  wages  and  to  promote  labour-saving  machinery,  it  is  impossible  to 
blink  the  fact  that  at  the  present  day  the  legal  regulation  of  hours  is  out 
of  date  as  far  as  factories  are  concerned,  and  therefore  does  not  much  help 
or  hinder  industnal  development.  Things,  however,  are  sometimes  vfry 
nicely  balanced,  and  it  is  very  likely  that  if  the  nine  lu)ui>.'  day  had  l>eeu 
enacted  in  1874  and  1878,  instead  of  being  gradually  introduced  by 
custom,  some  of  the  laborious  bandpi'esses  might  have  disappeared  bj 
this  time.  A  similar  effect  would  donbtiess  be  produced  by  a  rise  of 
women's  wsges.  It  seems  to  be  agreed  that  women's  wages  have  risen ; 
I  can  only  say  they  seem  to  noe  very  low.  There  is  often  an  extra  derev 
girl  or  two  who  earn  particularly  good  wages,  which  are  mentioiied  as 
showing  things  are  fairly  good  for  women.  But  one  strongly  suspects 
that  these  cases  arc  exceptional  :  nine,  ten,  or  eleven  shillings  is  probably 
the  average,  and  the  nice  pleiisant  looking  girls  one  often  sees  doing  ill- 
paid  \vi,vk  arc  said  by  those  who  know  to  be  living  at  home,  and  only 
partially  supported  by  their  earnings.^ 

It  diould  bo  mentioned  here  that  some  persons  most  intinoately 
acquainted  with  the  Birmingham  women  do  not  consider  that  a  farther 
reduction  of  hours  would  to  morally  desirable.  I  was  told  both  by  a 
clergyman  at  work  in  the  poorest  district  and  by  the  lady  health  visitor^ 
*  The  hours  of  work  are  no  grievance  here ' — in  one  case,  *  There  ou|;^t  to 
be  a  law  to  ninke  them  work  erwiiph  !  ' — and  it  seems  a  pretty  general 
conviction  among  observers  of  this  class  that  the  women  are  better  at 
work  than  at  play.    I  record  this  ul)servation  without  comment. 

It  is  found  that  the  'particulars*  clause  of  1900  is  of  great  benefit 
in  the  pen  trade.  Payment  is  made  at  so  mucit  per  '  lot,'  and  the  lot  is 
said  to  have  contained  an  indefinite  and  varying  number  of  pens,  while 
the  women  did  not  know  even  the  nominal  number.  Now  a  statament 
of  the  number  of  gross  to  each  lot  is  hung  up  in  the  rooms,  and  the  only 
trouble  is  in  connection  with  the  counting  or  weighing  the  work.* 

In  the  development  of  safeguards  on  machinery  ihe  law  is  much 
more  evidently  and  actually  at  work.  I  was  several  times  shown 
appliances  for  reducing  the  risk  to  liands  and  fingers,  carrying  off  dust, 
and  so  forth,  and  employers  seem  conscious  that  it  is  not  only  their 
duty  but  their  interest  to  bo  forward  in  the  matter.  More  than  one 
(possibly  with  a  mistaken  impression  that  the  inquirer  might  have  some 
sort  of  official  sanction)  adopted  an  apologetic  tone  as  to  some  of  his 

'  Tt  wntild  be  Ji  curious  rpiestion  for  ^tlu^y  whether  tho  Vrirtory  Act;?  mar  cot 
really  liave  had  some  crtect  in  lowering  the  nioney  wag«J  of  worni-n  in  st)  far  a-,  by 
improving  thu  health  and  decency  of  the  factory,  they  cause  larger  nu tubers  uf  i expect- 
able  gfrlii  to  bo  attracted  to  the  work.  In  Bfrmingham  there  seems  scvine  tcnden^ 
amonpf  pirls  to  srcrrepito  thonj^olvcs  in  thv  snnie  fantorj*  into  *  non-competing  group*, 
the  diKtinctions  between  wliich  are  determined  by  the  pleaisantness  or  supix^sed 
gentility  of  work  rather  than  by  money  wages.  So  long  ago  as  1867  Mr.  Wright 
noticed  that  the  warehouse  gjilM  were  worse  paid,  and  yet  considered  more  rmptc^ 
able  than  Ihe  workshop  hands  (Soe.  Set.  Trans.,  is.-j,  p.  538). 

*  See  Miss  Squire's  Report  in  the  Annual  Iltport  of  the  Chief  Intpeeior  ^f 
FaeiOTietand  Wifrluhojut  for  iJu:  year  1900  (Cd.  6Cs),  pp.  400-2. 
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prooMMo^  And  expUaMd  that  he  hoped  to  improve  them  gradually, 
■howing  what  had  already  been  done.    It  is  in  these  directions,  the 

provisions  for  health  and  safety,  that  Mr.  Knyvett  considers  the  factory 
inspector  exercises  his  most  important  function  in  mo<]ern  times,  and 
one  is  strongly  inclined  to  aiL,'roo  with  this  view.  The  very  fact  that 
appliances  and  safeguards  have  tu  be  used,  thought  out,  and  paid  for 
pats  a  premiam  on  the  generous  and  thoughtful  employer,  and  tends 
towards  the  crowding  oat  of  the  unfit ;  and  much  the  same  can  be 
observed  in  the  sanitary  administration  of  workshops.  The  Factory  and 
Workshop  Act  and  the  Public  Health  Act  beconio  in  the  hands  of  the 
sanitary  authority  a  really  civilising  force.  Pressure  is  steadily  put 
on  to  enforce  a  minimum  of  cleanliness  and  decency,  and  it  is  made 
inoonvenient  to  fall  short  of  it.  There  is  distinct  evidence  that  women 
have  lost  their  employment  in  workshops  from  the  reguirsient  of 
the  Acts.  In  about  twenty  workshops,  Mr.  Keasey  thoughti  wwen 
ha<i  been  dismissed,  and  boys  taken  on  in  their  place,  because  the 
women  were  in  so  small  a  minority  that  it  was  not  worth  the  masters' 
while  to  provide  separate  sanitary  accommodation  for  them.  Here  we 
see  that  the  most  ordinary  requirements  of  civilised  lite  may  inflict 
hardship,  or  what  may  he  construed  as  hardships  in  individual  cases.  Mr. 
Kessey,  however,  thought  that  the  women  probably  found  employment 
in  other  shops  where  their  own  sex  was  more  largely  represented,  and  it 
is  not  very  likely  that  even  nn  extremist  would  ohject  to  the  workin;:,'  of 
the  Act  in  similar  cases.  In  the  enforcement  of  sanitary  regulations  we 
see  one  of  the  most,  if  not  the  most,  important  agencies  of  such  reform 
at  work,  and  it  is  impossible  to  doubt  that  the  women  employed  under 
these  better  conditions  do  become  thereby  more  'eflScienty'^both  indus- 
trially and  '  as  members  of  society.'  The  effects  of  the  legislation  and  its 
administration  become  more  and  more  evident  as  the  elder  generation, 
to  whom  reform  may  be  a  stumbling-block  and  rock  of  offence,  becomes 
superseded  by  the  younger,  which  has  time  to  grow  up  in  better  ways. 

IV. — The  Moot  and  S/iof  Trarlpa  of  Jii'istol  and  Kingtwood, 
By  Mr.  G.  H.  Wood,  F.8,S, 

In  writing  the  following  report  I  am  able  to  utilise  a  personal  saipo- 

rience  as  a  worker  in  the  trade  for  some  time,  and  have  for  some  years 
closely  watched  its  development.   My  personal  experience  was  as  a  clerk 

in  a  hoot  factory. 

When  the  industry  wiu>  lirst  brought  under  the  Factory  Acts  in  1867 
few  workers  were  adeoted  by  them  in  this  district,  as  the  system  then 
obtaining  was  almost  entirely  domestic.   Nearly  all  the  work  was  done 

at  that  time  in  small  workisjiops  at  home  for  local  retailers  or  for  middle- 
men selling  to  local  retailers.  Hence  the  industry  has  grown  up  under 
the  Acts,  and  has  not  l)een  prevented  by  them  from  developing  itself. 

There  are  two  distinct  districts  and  two  tlistinct  trades  in  Bristol 
and  Kingswood.  In  Bristol  the  light  boots  are  made  ;  in  Kings  wood  the 
work  is  *  heavy 'nailed'  work.  In  only  ono  or  two  oases  do  the  same 
firms  make  the  two  classes  of  boots,  and  few  of  the  workers  are  able  to 
work  at  both.  This  division  of  the  trades  is  essential  and  impwtant. 
Machinery  can  be  more  easily  applied  to  the  light  than  to  the  heavy  work, 
and  for  this  reason  the  system  of  machine  production  has  worked  out 
from  the  Bristol  ligiit  trade  to  the  Kingswood  heavy  trade.    Hence  the 
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small  producer  in  tbe  workshop  has  in  Kingswood  long  oatHv«d  Ike 
prodaoer  under  sinular  conditions  in  Bristol. 

There  are  also  two  distinct  seasons,  and  as  the  worken  am  not  afato  ' 
to  shift  from  one  branch  of  the  trade  to  the  other  there  are  always  some 

of  them  idle.  The  heavy  trade  is  usually  slack  fvmn  January  till  the  end  | 
of  June,  very  busy  from  July  till  October,  and  moderately  busy  during 
November  and  Deceniln  r.  The  light  trade  has  two  seasons,  the  first  tVnr 
months  and  August  and  September  being  busy,  while  the  rest  of  the  ^-^'^^r 
is  slack.  Tn  one  or  two  places  attempts  are  being  made  to  cater  for  l«oih 
trades,  and  if  tliis  is  successful  the  trade  may  become  a  fairly  regniar 
one. 

The  wholesale  tnde  started  about  thirty  years  ago  with  the  intro- 
duction of  the  rivet  system.  Although  this  has  affected  the  character  of 
the  work  done  by  men  and  boys,  it  has  not  much  altered  that  of  the 

women  and  girls.  There  are  still  the  two  chief  divisions  of  labour, 
machinists  and  titters,  with  perhaps  more  of  the  former  than  the  latter. 
For  many  y<'ars  after  the  introduction  of  the  rivet  system  men's  work  was 
given  out  to  be  done,  and  the  indoor  system  grew  up  with  the  extension 
of  machinery  to  various  operations ;  but  women  were  not  atiected  by  this^ 
and  their  work  would  probably  be  done  at  home  to  the  present  time  if  the 
power  sewing-machine  had  not  been  introduced.  Before  that  inTeotion 
the  sewing  was  chiefly  done  at  home ;  now  it  is  chiefly  done  In  the  factocy. 

Manunicturers  and  workers  agree  in  attributing  most  of  tbe  changes 
in  the  customs  and  regulations  in  this  trade  to  these  inventions.  Machinei^ 
made  the  factory  and  the  employment  of  onpital  necesRarv,  and  the  ITactorj 
Acts  have  not  hinclered  but  furth»TtMl  this  development. 

The  power  .sewing-machine  was  introduced  into  Bristol  about  ten  years 
ago,  and  came  generally  into  use  about  tive  or  .six  years  ago.  The  work  is 
much  lighter  for  women  now  than  formerly,  and  more  work  i^  done  pex 
head  per  annum. 

In  Bristol  the  work  is  usually  day-work.  When,  scune  years  ago^  oat- 
work  was  general,  it  was  invariably  piece-work  ;  and,  although  this 
method  of  payment  obtained  for  a  time  after  the  advent  of  the  factory 

system,  its  replacement  by  day-work  had  commenced  before  the  introduc- 
tion of  the  power  sewing-machine.  In  Kinijsvjood^  where  more  out-wOrk 
is  done,  the  out- workers  are  piece-workers,  and  the  indoor  hands  iisuallv 
day-workers.  In  some  places  a  system  of  task  work  is  in  vogue  where  the 
workers  are  paid  a  fixed  wage,  but  have  to  do  a  certain  amount  of  wi>rk. 
If  this  amount  is  not  done  in  one  week  it  has  to  be  made  up  in  the  next. 

Ha/ve  the  Acta  introduced  any  dwnge  of  custom  in  the  ctmof  the  women 
themeeheef 

Yes.  The  trade  being  a  seasonal  trade,  there  has  usually  been  m  lot 
of  overtime  worked.  The  Acts  have  tended  to  put  this  down.  On  aU 
sides  there  is  evidence  of  a  decreased  use  of  overtime,  and  this  has  had 
the  effect  of  making  the  industt  y  n  ore  regular.  Thei-efore  a//  workers 
have  been  affected.  Tn  the  ca.^c  of  women  workers  the  *  nuisance  '  of 
having  to  register  tlie  overtime  worked,  and  the  limit  of  that  overtiT7if'  to 
a  certain  time  at  night  and  to  thirty  occasions  in  the  year,  ha.s  led 
employers  to  do  all  they  can  to  keep  it  down.  On  the  other  hand  the 
usual  noun  obtained  by  the  action  of  the  men's  tradeninion  are  fifty-four 
and  fifty-one^  and  are  thus  below  the  limit  of  the  Faotoiy  Acts.  A  £aetocy 
camuit  be  profitably  worked  by  man  alone,  and  when  the  womem  mod 
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young  persons  are  not  at  work  the  men,  geneieUy  have  to  leave  off. 
This  has  not  had  the  effect  of  keeping  women  out  of  the  trade  or  of 
introducing  more  of  them  in  proportion.  It  has  simply  had  the  effect  of 
spreading  the  work  over  a  longer  period.  It  atlucts  all  employers  alike, 
luid  therefore  doee  not  pw  unfairly  on  any  one.  ' 

Years  ago  it  was  the  custom  to  work  day*work  indoors  and 
piece>work  oatdoors.  Women  were  often  allowed  to  take  work 
home  after  the  djiy  was  done,  to  linish  and  return  on  the  morrow. 
Generally  this  was  at  their  own  request ;  sometimes  it  was  required  of 
them.  Manufacturers  found  it  did  not  pay.  The  women  wei  not  so 
frebh  next  day  after  working  half  the  night,  and  in  some  cases  were 
tempted  to  *  slack '  work  during  the  day,  so  as  to  have  it  to  do  at  night. 
It  aJao  made  them  irregular  in  attendance,  and  it  did  not  pay  the  employer 
to  have  his  capital  lying  idle.  The  women  houglit  their  own  machines 
for  home  work,  and  their  employers  hought  the  factory  machines.  The 
employers,  tlieretore,  wanttHl  tlie  work  done  as  much  a.s  possible  on  their 
machines,  and  the  custom  wiis  dying  gradually.  The  Acts  of  1891  and 
entirely  killed  it,  and  I  could  not  now  find  a  case  of  its  being  done  illegally. 

I  cannot  find  that  this  change  has  affected  any  other  workers  than 
those  immediately  concerned. 

The  requirements  of  the  Acts  have  also  induced  an  extension  of  the 
factory  system  owing  to  the  enforcement  of  the  *  health  '  regulations. 
Formerly  the  industry  was  carried  on  in  small  dilapidated  workshops, 
unsanitary,  and  afiordiug  no  separate  conveniences  for  the  two  sexes. 
Bit  by  bit  these  older  places  have  been  improved  or  done  away  with, 
chiefly  because  of  the  continual  objections  of  the  factory  inspectors  that 
they  did  not  fulfil  the  requirt^nents  of  the  'liealth  rUiuses'of  the  Acts. 
Only  the  larger  manufacturers  could  afford  to  make  the  required  altera- 
tions, and  manufactuie  on  a  large  scale  lias  thus  been  accelerated. 

The  extension  of  the  principle  of  limited  liability  to  the  trade  seems 
to  account  for  some  of  the  improvement  insanitary  arrangements.  When 
the  trade  was  a  non-machinery  one^  and  where  it  is  so  now,  as  in  parts  of 
Kingswood,  the  sanitation  only  just  readies  the  minimum  of  the  law ;  but 
where  the  large  factories  have  been  erected  and  run  with  plenty  of  capital 
(limited  liability)  and  expensive  machinery,  the  sanitation  is  very  good. 
This  also  applies  to  the  stay  and  clothing  trades.  Miss  Colh't,  when 
visiting  iiristol  for  the  i^abour  Commission,  commented  in  her  report  on 
the  poorness  of  Bristol  factories  except  two,  the  cocoa-works  and  the 
Bedminster  tobacco-works.  Since  her  arrival  there  has  been  a  rapid 
extension  of  the  factory  system  for  women,  and  the  methods  in  the  boot, 
stay,  and  clothing  tradfs  have  all  been  revolutionised  by  the  introduction 
of  the  power  sewing-machine  and  by  the  production  on  a  large  scale 
for  export.  Several  new  factories  have  been  erected,  either  inside  the 
city  or  in  the  adjoining  neighbourhoods  where  the  electric  trams  run,  and 
these  have  the  most  modem  sanitary  conveniences,  lofty  rooms,  improved 
methods  of  warming,  and  everything  which  is  calculated  to  get  more  and 
better  work  done  and  to  keep  the  workers  from  minor  ailments,  as  head- 
aches, colds,  <kc.,  wliich  in  factories  cause  much  irregularity  of  working, 
^len  cannot  set  up  in  business  now  on  a  small  scale  as  they  used  to  do, 
and  it  was  the  small  employers  with  wretched  ouL-huuses  who  offended 
most  against  the  sanitary  and  ventilation  regulations. 

Thus,  while  the  Aets  have  tended  towms  the  substitution  of  large 
maaulaetarers  lor  small,  the  natural  evolntioii  of  the  industry  has  only 
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been  accelerated,  and  the  change  of  enrtom  cannot  be  wfaoily  aaeiibed  to 
the  Acta ;  in  part»  I  am  convinced  it  may  be  ao. 

Has  factory  legitlation  raised  or  lowered  wtiffes  t 

So  far  as  my  evidence  goes  wages  have  sometimes  fallen  (rwj>oran^y 
end  risen  ngain,  but  there  soems  some  doubt  whether  annual  earnings  h-^ve 
been  altered  pfrmanenfhi  or  not.  The  opportunities  for  working  over- 
time being  fewer  seem  to  ha\  e  diminished  the  earnings  during  the  busiest 
weeks,  without  having  any  effect  on  the  normal  rate.  Manufacturers  aod 
worker!  agree  that  there  has  been  little  change  of  wages  for  the  ordinary 
week  over  a  series  of  years,  though  there  is  evidence  of  a  rise  since  1883 ; 
but  the  earnings  per  annum  seem  not  to  have  been  affected  thereby  at 
all.  The  employers  say  earnings  have  been  lessened  through  the  reduction 
of  opportunities  for  working  overtime,  yet  they  say  also  that  the  industry 
is  more  regular  and  the  busy  season  is  spread  over  a  longer  period.  At 
this  rate  tliere  seems  to  ha\o  been  a  clear  gain  to  the  workers.  AVhat  | 
has  happened  in  the  case  of  the  men  through  the  introduction  of  tiie  ' 
machine  system  seems  to  have  happened  to  the  women  through  the  same 
cause,  and  I  am  inclined  to  think  that  even  the  induction  of  overtime  is 
more  due  to  this  than  to  the  Factory  Acts.  The  men  used,  as  hand 
workers,  to  be  able  to  earn  more  during  the  busy  season ;  but  though  their 
earnings  in  a  full  week  are  now  somewhat  less  than  at  that  time,  the 
annual  earnings  are  greater.  This  remark  would  seem  to  apply  to  women, 
with  the  difference  that  for  a  *  full  week  '  a  'week  with  overtime  '  must 
be  substituted,  the  o^ertinle  being  worked  either  at  home  or  in  the 
factory.  None  of  the  women  workers  I  have  interviewed  consider  that 
the  Acts  have  affected  wages  at  all  They  have  not  lowered  or  niised 
them  or  prevented  them  from  rising.  They  believe  that  with  an  etficient 
trade-union  their  wages  would  rise  considerably,  and  that  they  have  not 
risen  lately  because  Siey  have  not  been  able  to  uniformly  take  advmntage 
of  good  times. 

All  witnesses  agree,  and  my  own  experience  enables  me  to  confirm, 
that  there  has  been  no  alteration  in  the  character  of  the  machinery  due 
to  the  Acts,  none  introduced  from  that  cause,  and  no  displacement  id. 
women.   (But  see  note  as  to  Kingswood,  p.  304.) 

The  pfects  of  the  Acts  on  cadency. 

Here,  in  my  opinion,  is  where  the  Acts  have  affected  women.  There 
is  a  consensus  of  opinion  that  women  are  better  workei*s  than  formerly, 
and  that  indoor  workers  do  more  than  outworkers  in  a  given  time.  It  i* 
difficult  to  apportion  the  amount  of  increased  etliciency  due  to  the  Factory 
Acts,  but  there  are  three  main  reasons  why  their  effidem^  has  increaaad. 
These  are : — 

Improved  machinery  and  more  regular  work ; 
Better  rooms  to  work  in  ; 

Less  amateurism  and  more  work  done  as  a  serious  occupation. 

A  comparison  between  the  outdoor  treadle-machinist  and  the  indoor 
power  machinist  cannot  be  legitimately  made,  but  a  compsriaon  of  the 
outdoor  treadle  without  power  with  the  indoor  treadle -machinist  sboirs 
the  latter  to  be  the  better  worker.  The  present  day  treadle -machinist 
working  indoor  is  a  better  worker  also  than  her  predecessor.  This  shows 
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increased  efficiency,  and  it  due  to  (a)  better  and  more  regular  methods 

of  working  ;  (b)  better  accommodation. 

{l>)  is  almost  entirely  due  to  factory  legislation,  while  (a)  is  partly  due 
to  the  satne  cause  through  the  decrease  of  overtime. 

I  have  referred  to  better  accommodation  of  the  workers  and  its  causes. 
Its  results  are  found  in  the  constancy  of  attendance,  there  being  now  less 
minor  sickness  than  formerly  and  a  more  cheerful  attendance  to  work. 
I'nder  the  conditions  prevailing  in  the  old  tumbledown  workshops  head- 
aches and  petty  sicknesses  were  common,  and  were  due  to  low  ceilings, 
overcrowding,  and  had  ventilation  and  warming.  The  factory  inspectors 
have  been  assiduous  in  pressing  upon  employers  the  necessity  of  giving 
the  workers  better  accommodation,  and  this  has  had  the  desired  effect. 
Instead  of  just  fulfilling  the  health  clauses  the  present  fiawtories— at  least 
those  wherein  two  thirds  of  the  workers  are  engaged — exceed  them.  The 
rooms  are  higher,  lighter,  and  better  ventilatf^d. 

This  has,  of  course,  affected  all  alike,  and  the  effects  on  the  men  are 
noticeable.  Where  the  work  is  entirely  hand-work  much  room,  especially 
overhead,  is  not  required.  The  advent  of  machinery,  especially  the 
larger  machines,  meant  more  space  per  worker  and  mare  Ught,  Hence 
the  looms  are  larger  and  better.  But  in  some  parts  of  the  factory  where 
machinery  is  not  employed  the  rooms  are  also  larger  and  lighter,  with  the 
consequence  tliat  a  man  can  do  better  and  more  work  than  ten  or  twenty 
years  a;^o  at  nearly  similar  tasks. 

This  efficiency  is  due,  then,  to  twu  sets  of  regulations  :  (a)  overtime  ; 
(b)  *  health  clauses.' 

By  forcing  the  employers  to  make  their  trade  as  regular  as  possible 
the  overtime  clauses  have  operated  towards  increased  etficiency,  and  by 
forcing  them  to  have  bettor  and  lighter  rooms  the  health  clauses  have 
operated  towards  the  same  end. 

I  have  had  no  expression  of  opinion  whether  the  Acts  have  affected 
women  in  their  home  life. 

On  the  morals  of  the  workers  there  has  been  a  marked  eflfoot.  *  Baint 
Monday '  is  now  a  thing  of  the  past,  and  just  as  irregularity  conduces  to 
drunkenness  and  irregular  living,  and  the  rush  of  overtime  at  the  end  of 
the  week,  with  nothini^  to  do  in  the  early  parts,  induced  an  irregular  and 
careless  nuxle  of  life,  so  ilie  (  ompaiative  steadiness  of  the  present  methods 
has  tended  to  raise  the  standard  of  morality  and  sobriety.  But  a  far 
greater  cause  has  been  the  improved  sanitary  arrangements.  Fifteen 
years  ago  I  remember  many  closets  in  the  Bristol  factories  which  were 
absolutely  unfit  for  use.  ]Males  and  females  were  supposed  to  use  the 
same  ;  the  males  used  them,  but  in  ;jf7>??/  cases  the  women  would  not.  I 
have  heard  of  cases  where  women  sutlcred  from  internal  disorders  through 
having  to  wait  until  they  got  home,  instead  of  using  a  closet  in  the 
factory.  In  some  cases  the  women  and  girls  used  a  bucket,  emptied  by 
one  of  themselves  after  leaving  off  at  nighty  and  being  kept  in  the  work- 
room all  day.  This  is  now  done  away  with,  and  separate  provision  of  a 
decent  sort  is  made  for  both  sexes. 

The  etfects  of  the  old  loose  system  on  the  morals  were  bad.  Much 
loose  language  was  common,  and  coarse  jokes  were  very  frequent.  The 
fiystem  was  an  inducement  to  immoral  relations,  and  cases  were  known 
where  ill^timate  chUdren  resulted  &om  them.  A  better  dan  of  girls  is 
now  employed,  and  that  this  has  been  possible  is  in  part  due  to  the  removal 
of  these  evils. 
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SUMMABT* 

I  conclude^  then,  that  ^tory  legislation  has  altered  some  cofltoms  of 

the  industry,  and  without  really  affecting  earnings  has  increased  the 
efficiency  of  the  women  workers.    It  has  also  raised  the  standard  of 

morality  for  all. 

Kolt:  oil  A'iw/sirofxl. — These  remarks  apply  to  both  district,?  ;  but  in 
Kingswood  the  factoiy  inspector  notes  that  tiie  Act  of  189.')  was  a  dire«?t 
cause  of  the  extension  of  the  factory  system.  Tiiis  Act  prohibited  over- 
time for  young  persons,  and  it  was  then  the  custom  for  a  man  to  watk  in 
A  workshop  attached  to  his  own  house,  with  perhaps  five  or  six  bojrs. 
Denied  the  opportunity  of  earning  a  good  wage  through  this  overtime  the 
lads  left  the  trade,  and  the  men  in  small  business  could  not  compete  withoot 
their  labour.  The  factory  proprietors  took  advantage  of  this  opportuni^ 
of  lx)y  labour,  and  an  expansion  set  in  immediately.  The  Acts  have  there- 
fore induced  the  application  of  machinery  and  liastencd  the  extc-nsion  fi 
the  factory  system.  The  effect  of  this  is  seen  in  that  the  KingswocKi 
heavy  trade  is  now  nearly  as  much  a  factory  industry  as  the  Bristol  light 
trado. 

V. — Leicester  and  Northampton. 
[Ck>mpUed  from  Mr.  &.  Halstead's  Report.] 

Mr.  Halstead  obtained  information  from  employers  in  four  boaiecy 
Ifirms  in  Leicester,  Hinckley,  and  Loughborough,  and  from  two  trade- 
union  officials  and  two  women  workers  in  that  trade.  In  the  shoe  trade 
he  interviewed  managers  of  seven  co-operative  manufacturing  societies  in 
Leicester,  Harwell,  (Jlentield,  Desborough,  Kettering,  and  Rushden,  a 
private  employer  in  Leicester,  three  officials  of  employers'  associations  at 
Northamj)ton  and  Kettering,  and  six  trade-union  officials  in  Leicester, 
Northampton,  Kettering,  and  Rushden.  Information  was  also  obtAinetl 
from  one  employer  in  the  box  trade,  one  employer  and  one  manager  in 
the  corset  trade,  one  employer  and  one  manager  in  the  ready-made  tailor- 
ing trade,  one  manager  in  the  elastio-web  trade^  and  two  employera  and 
one  woman  worker  in  the  hat  and  cap  trade* 

I.  (1)  The  general  opinion  expressed  was  that  legislation  regnlatuig 
women's  labour  has  had  little  to  do  with  moulding  the  more  important 
customs  of  the  trades.  Employers  attributed  the  customs  of  their  trade 
mainly  to  the  nature  of  the  machinery  they  employed  and  the  re^^ulting 
sulxlivision  and  organisation  of  labour.  Several,  however,  thought  it 
possible  that  legislation  had  increased  the  pace  and  brought  about 
uniformity  in  factory  reform.  One  manjiger  thought  it  had  in  liie  rirst 
instance  decided  the  eustoms  of  the  boot  trade  as  to  hours  of  woik  and 
sanitation,  but  that  since  this  initial  stage  the  trade  generally  had  been 
in  advance  of  legislation.  A  few  employers,  who  had  been  in  the  habit 
of  employing  out  workers,  said  that  the  recent  more  stringent  regulations 
as  to  out-work  were  having  the  effect  of  diiving  the  work  into  their 
factories  ;  but  the  change  was  mainly  due  to  a  irrowing  desire  to  have  all 
work  under  one  supervision  inside  the  factory.  The  trade-union  officials 
attached  more  importance  to  trade-union  action  in  tixing  customs, 
although  by  one  of  them  it  was  held  that  legislation  had  been  one  of  the 
means  of  enforcing  what  had  been  won  by  trade-uaiouism. 
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(2)  Ab  to  the  effeoti  of  legislation  relating  women's  labour  am  other 
""Torkers,  pmctically  no  informatiou  was  forthcoming  ;  the  new  Saturday 
rule  is  an  instance  of  tlie  limitation  of  men's  houn  being  aecured  by  l^gai 
limitation  of  those  of  women  and  young  persons. 

II.  (1)  No  effect  of  the  legislation  on  women's  wages  had  been  observed. 
There  was  a  general  agreement  that  overtime  was  not  economical. 

(2)  In  tbeluitey  trade  at  aU  points  of  the  inquiiytliflnM^ 

fkei  tliat  women  were  displacing  men  thnragh  the  rise  of  new  nmolifneiy> 
In  the  boot  trade  it  was  alleged  tliat  wooMii  were,  to  a  sUgfat  extenti 
displacing  men  owing  to  lallinj];  '^ages,  although  the  tendency  was 
probably  less  marked  because  of  the  high  wages  m  the  hosiery  Isiide  lev 
women's  work. 

(3)  In  none  of  these  trades  wei-e  tlie  Factory  and  Workshop  Acts 
credit^  with  having  initiated  any  important  changes  in  the  use  ot 
machinery  or  the  division  of  labour. 

(4)  There  was  a  general  consensus  of  opinion  that  shorter  hours  anci 
better  sanitation  enforoed  by  legislation  had  been  amongst  the  causae 
uaiAmg  to  increase  the  efficiency  of  women  workers. 

(5)  Greater  diversity  of  opinion  existed  as  to  the  effect  on  their  sodal 
life.  While  considering  that  with  the  rise  of  the  factory  system  there 
had  been  a  moral  improvement,  this  was  attributed  by  some  to  the 
fa<  tory  system  itself,  not  to  factory  legislation.  Again  some  of  the  bad 
effects,  consequent  upon  young  women  having  more  money  and  more 
leisure,  and  beini;  therefore  too  soon  set  free  from  parental  control,  niicht 
also  be  attributable  to  the  better  organisation  in  the  factory  brought 
about  by  machinery.  One  employer  cooaidend  that  the  easier  conditions 
of  fomale  employment  had  a  tnidency  to  incrcaae  the  employment  el 
Biairied  women  in  Isctoriea. 

On  die  whole  empk>yers  complained  very  little  of  inconvenience 
caused  by  the  Esetoiy  and  Workshop  Acts  beyond  the  initial  difficulty 
of  adjusting  arrangements  to  suit  new  regulations,  and  the  labour 
incurred  in  tilling  up  forms  and  making  lists.  In  some  cases,  increased 
demands  with  regard  to  sanitation  and  guarding  of  machinery  pressed 
rather  heavily  on  employers,  and,  in  one  cfise,  the  recent  change  in  the 
Saturday  half-holiday  was  resented  as  being  passed  merely  in  tiiu  interest 
of  the  football  fratendty  (althou^^  nominaUy  a  leitxieticii  el  tiie  labour 
of  women  and  youug  peiMitB)^ 

VI. — Canning  Town  mnd       <^  Dogs, 
[Abstnwted  from  Miss  Hadl^^  Report.] 

The  difficulty  of  any  investigation  in  these  districts  is  very  great ; 
the  employees  are  on  the  whole  quite  ignorant  on  the  subject  of  the  Acts 
or  their  administration,  and  are  also  afraid  to  give  information.  Some 
interviews  were  obtained  with  employees  in  bookbinding,*  hat  making/ 
tailoring,  sweet  factories,  laundries,  tkc,  and  with  other  people  well 
acquainted  with  the  districts  concerned.  The  evidence  is  not  very  definite, 
but  the  following  statements  seem  to  be  cornet.  The  hoais  in  aeiaU. 
warkahope  have  iMen  reduced  in  recent  years.  In  one  lanndry  the  hoom 
are  now  from  8      to  7  p.m.,  instead  of  till  9  km.  aa  last  year,  and  in 
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»  sweefe  iMtory  they  hm  been  teduoed  quite  recently.  Saaitatioii  htm 
recentiv  been  much  improved.  The  special  rules  applying  to  white-lead 
works  nave  excluded  women  from  part  of  the  work.  In  the  bookbinding 
trade  the  Acts  have  not  caused  any  displacement ;  if  overtime  is  necessary 
the  men  take  on  the  women's  work  when  they  leave  at  night.  In  tailoring 
there  is  no  prospect  of  the  dearer  labour  of  men  replacing  that  of  women. 
The  ont-woncem'  list  is  expected  to  have  a  good  effect,  now  it  is  attended 
to,  tfaoee  who  take  oat  the  work  endeayonring  to  keep  their  houBOB  dean 
to  satisfy  the  ioBpeotor.  The  'particulars'  clause  is  stated  to  have 
introduced  no  change  in  the  tailoring,  at  any  rate  in  the  better  class 
work,  since  accurate  tickets  were  already  supplied.  It  is  held  that  the 
Acts  regulating  hours  are  operative,  and  together  with  the  provisions 
regarding  safety  and  sanitation  tend  to  drive  the  small  employer  out  of 
the  tailoring  and  laundiy  trades,  thus  tending  to  increase  work  on  a  larger 
scale.  Greater  regularity  in  hours  is  enforced,  and  thii  tends  to  put  &ie 
work  in  the  hands  of  a  better  class  of  employees. 

\  II.— 'Sivifz^rlafiicL 
'  SedertU  Legidation* 

In  Switserland  the  separate  cantonal  legislation  of  the  industrial 

Cantons  prepared  the  way  Itor  the  general  federal  law  of  March  23,  1877, 
on  which  all  subsequent  legislation  has  been  based.  This  law  applies  to 
all  factories  where  a  number  of  persons  are  employed  within  doors,  away 
from  their  homes,  and  the  majority  of  its  provisions  apply  to  adult 
workers  of  both  sexes  as  well  as  to  children  and  young  persoiia.  A  wider 
application  was  given  by  the  federal  decree  of  June  8,  1891  :  tUa 
decree  brooght  within  the  scope  of  the  law  establishmeiits  employing 
more  than  five  persons  and  using  motor  power,  or  employing  penons 
Under  eighteen,  or  satisfying  certain  other  conditions. 

The  hours  of  lalxjur  may  not  exceed  eleven,  exclusive  of  at  least  one 
hour  for  meals  ;  if  the  midday  pause  is  less  than  \  \  hour,  women  who 
have  a  household  to  manage  may  leave  work  \  hour  ^>ooner  than  men. 
Hen  and  unmarried  women  over  eighteen  years  of  age  may  also  be  em- 
ployed in  necessary  subsidiary  work,  such  as  cleaning,  before  or  after  the 
regular  factory  hours.  On  Saturdays  and  the  days  preceding  puUio 
holidays  the  hours  of  labour  must  not  exceed  ten. 

Sunday  work  is  prohibited,  except  in  cases  of  absolute  necessity  ;  and 
where  furnaces  are  kept  continuously  going,  eiffht  days'  holiday  annually, 
to  be  arranged  by  the  cantons,  must  be  aUowed  in  addition  to  Sundays. 

Night  work  between  8  p.m.  and  5  A.M.  is  forbidden  from  June  to 
August  inclusive  ;  during  the  rest  of  the  year  *  night '  work  extends  from 
8  P.M.  to  6  A.M.  Exceptions  are  allowed  in  certain  specified  cases,  but 
women  may  never  be  employed  at  night  or  on  Sundays. 

Women  must  be  absent  from  employment  in  factories  during  eight 
weeks  before  and  after  childbirth,  and  ou  their  return  to  work  proof 
must  be  tendered  of  an  absence  since  birth  of  the  child  ol  at  least  six 
weeks.  Certain  dangerous  occupations  or  branches  of  industry  from 
which  women  are  to  be  excluded  during  pregnancy  were  specified  by 
a  federal  decree  of  December  31,  1897,  e.g.^  processes  in  which  white 
phosphorus  is  used,  manufacture  of  lead  or  lead  oompounds,  diy  cleaning 
works,  indiarubber  workd»  &c. 
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Cantonal  L^isiatian. 

Cantonal  legislation  is  largely  concerned  with  the  small  industries 
which  are  so  numerous  in  ISwitzerland,  and  wliich  do  not  fa]]  within  the 
scope  of  the  law  of  1877.  Seven  cantons  hav<^  passed  special  l/iws  for 
the  protection  of  workpeople  ;  Basle  in  lS6i^,  Giaris  iu  Ibiiii,  iSt.  Gall  in 
1893,  Zurieh  in  1894,  Lnoeme  in  1896»  jSoleare  and  NeuchAtel  in  1896. 
Q]am  Is  the  only  canton  where  the  law  indndes  adnlt  males ;  the  others 
are  concerned  only  with  women  and  young  persons.  The  cantonal  laws 
of  Glaris,  St.  Gall,  Lucerne,  Soleure,  and  Neuch&tel  contain  special 
regulations  with  regard  to  women  employed  in  shops  ;  women  in  offices 
come  under  the  protection  of  the  law  m  l^euch&tel  only.  Special  laws 
lor  the  nroteotion  of  vomen  employed  In  hotels  and  cafes  have  been 
pMNd  in  Zurich,  Basle,  Glaris^  St.  Gall,  Lnoeme^  Soleue^  and 
jfeuehAtel.  All  except  Ghuns  proliihit  the  employment  of  girls  under 
eighteen  years  of  age  as  waitresses  unless  they  belong  to  the  family  of 
the  landlord.  Women  employed  in  hotels  and  cafua  on  Sunday  must 
have  a  free  aftei-noon  in  the  week — once  a  fortnight  in  Zurich,  and  once 
a  week  in  Battle  and  Lucerne. 

The  laws  of  Zurich,  Soleure)  and  NeuchAtel  extend  their  protection  to 
single  workers  if  occupied  in  a  trade  {inciter)  and  in  receipt  of  wages  { 
8t.  Gall  and  Basle  only  protect  single  workers  if  under  eighteen  years  of 
age  ;  if  above  that  age  the  law  applies  only  where  two  or  three  persons 
are  employed.  Persons  eniployed  directly  or  indirectly  by  a  large 
manufacturer,  even  when  working  in  their  own  homes  and  using  their 
own  tools,  are  regarded  by  the  law  as  wage-earners.  Neucb&tel  is  the 
only  canton  which  stipulates  that  the  worker  must  be  employed  outside 
his  own  home  to  come  within  the  scope  of  the  law. 

Cantonal  legislation  luis  followed  the  main  outlines  of  the  federal 
law  of  1877,  diminishing  its  rigour  in  some  caseH,  in  others  supplementing 
its  defects.  The  eleven  hours*  day  has  been  accepted  by  most  cantons. 
Zurich  is  ahe>id  of  the  law  iu  iixiu^  the  working  day  for  women  at  ten 
hoaiB,  with  1^  bourse  rest,  and  at  nine  hours  on  Saturdays  and  the  days 
preceding  holidays.  Overtime  of  two  hours  a  day,  with  a  "m^mum 
limit  per  annum,  is  allowed  by  most  cantons.  The  limit  in  Zurich} 
where  least  overtime  is  allowed,  is  seventy-fivo  hours  in  the  year.  No 
one  can  be  compelled  to  work  overtime,  and  such  work  must  be  paid — 
except  in  Glaris — at  a  higher  rate  ;  in  Zurich,  Lucerne,  and  Soleure  at 
li  time  the  daily  wage.  In  the  German  cantons,  except  Basle  and 
Glaris,  girls  under  eighteen  years  of  age  may  not  work  OTerttme  at  all.  No 
work  may  be  given  out  to  be  done  at  home  after  working  hours.  Night 
work,  except  in  Lucerne,  is  only  permitted  to  women  over  eighteen  years 
of  age,  and  for  certain  definite  rea»>ons  Basle  and  Glaris  are  the  only 
cantons  which  have  adopted  the  eight  weeks'  rest  for  lying-in  women  pre- 
scribed by  the  federal  law.  St.  Gall  and  Lucerne  require  only  six  weeks, 
Zurich  and  Soleure  lour  weeks.  The  appointment  of  cantonal  inspectors 
Is  considered  desuaUe.  The  only  canton  where  such  an  appointment 
has  been  made  up  to  the  present  is  Zurich. 

Insurance  against  accidents  is  provided  for  to  a  small  extent  in  the 
cantons  of  Appensell  and  St.  Gall,  where  all  workmen  who  are  not 
citizens  of  the  canton  are  required  to  join  some  benetit  society.^ 

•  HygVcru!  ct  Securite  det  Travailteun  ilanx  hs  At>llr7-s  TfuhuMtU,  pp*  91*08 1 
CoHgr'u  JntumatUiuU  do  Initiation  du  TravaUt  pp. 
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The  law  of  May  5,  l889j  applies  to  all  indu.-^trial  undertakiugs  except 
affrioalture,  forestry,  stock  rearing,  peat  oatting,  and  fiahing.  It  pro- 
hibits the  employment  o€  efaildien  under  twelve,  and  places  young 
fiersons  tinder  sixteen  yearn  of  age  and  women  of  all  ages  under  l^;al 
protection.  Protected  persons  may  be  excluded  from  dangerous  or 
unhealthy  trades  by  royal  decree.  These  industries  are  specitied  by  the 
decree  of  January  31,  1897. 

Protected  persons  may  not  work  more  than  eleven  hours  a  day,  witii 
Itt  leaet  one  hoiir  for  rest  between  eleven  and  three  o'doek,  whicli  hour 
may  not  be  spent  in  a  work-room. 

Night  work,  i.e.,  from  7  p.m.  to  5  a.m.,  is  prohibited,  as  also  is  work 
On  Sundays  and  church  festivals.  This  general  prohibition  of  Sunday 
work  was  withdrawn  on  December  31,  1896,  in  favour  of  women  over 
sixteen  years  of  age  employed  in  butter  and  cheese  making,  prov  ided  that 
oertain  conditions  specified  by  an  administrative  order  were  observed. 

Employers  are  bound  to  demand  a  labour  passport  from  the  mayor 
for  each  protected  person  in  th«r  service.  These  passports  must  give 
the  dates  of  entering  upon  and  of  quitting  an  engagemeTit  ;  the  hours  of 
starting  and  of  tinishing  work  and  the  day  elected  as  the  weekly  holiday 
must  also  be  posted  up  in  the  factory. 

Women  may  not  be  employed  for  the  four  weeks  subsequent  to  their 
oonfinement* 

Certain  exceptions  as  to  overtime  were  anticipated  as  necessary  by 
the  law  of  1889,  and  they  have;  since  been  dealt  with  by  the  decrees  o£ 
December  9,  1889  ;  Octoljer  30,  1»90  ;  ()ctol>er  17,  1891  ;  and  June  10, 
1H92.  Overtime  from  7  to  10  P.M.  is  alloweil  in  certain  industries  (fruit 
preserving  works,  laundries,  <Scc.)  when  necessary. 

Women  and  voung  persons  under  sixteen  Ave  prohilnted  from  work- 
ing undeigvouna ;  but  as  only  two  mines  employing  some  300  persona 
are  workM  in  Holland  the  benefit  of  this  prohibition  is  theoretioal 
rather  than  practical. 

The  execution  of  the  law  of  1889  was  entrusted  in  the  hrst  place  to 
three  inspectors  wliose  duties  were  define<^l  by  a  decree  of  February  21, 
lb90.  They  are  appointed  by  the  Queen  and  placed  under  the  direction 
of  the  Minister  of  Justice ;  their  functions  are  to  examine  the  labour 
passports  of  individuals,  the  factory  registers,  and  to  report  all  infractions 
of  the  law.  The  limitation  of  thdr  numbw  to  three  was  removed  by 
the  law  of  J uly  20,  1 895,  and  they  were  charged  by  the  same  law  to 
substitute  a  half-yearly  for  a  yearly  report  of  their  operations.' 

The  first  legislative  provision  made  in  Holland  for  the  health  and 
safety  of  factory  workers  dates  from  July  20,  lb95.  This  law  prescribes 
the  cubic  apace  to  be  allotted  to  each  worker,  the  ventilation,  lighting 
precautions  against  fire,  and  sanitary  aooommodation.  Factories  are  to 
be  kept  clean  and  free  from  noxious  gases  or  dust,  and  to  have  a  com- 
fortable temperature.  PrecautioiiK  are  to  be  taken  against  accidents 
arising  from  machinery,  explosives,  boiling  liquids,  or  molten  metals. 

*  Hygilne  et  S^mtritc  de4  Iravailleurs,  pp.  68-62  and  3G5-7G;  Cangrig  Inter^ 
nathnal  de  Ligi$lation  du  TVttMi/,  pp.  461-66;  AimmUre  d«  2s  Ligislaticn  du 
Ti^rail,  1897,  pp.  266-79. 
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The  special  dangers  arising  from  steam  engines  are  safeguarded  hy  thfl 
law  of  April  18,  1896.  These  laws  are  enforced  by  inspectors  whose 
powers  are  similar  to  those  of  the  inspectors  appointeid  under  the  labour 
law  of  1889. 

Women  and  yoang  persons  were  pidiibited  from  voildng  in  any 

dangerous  processes  connected  with  the  manufacture  of  matches  containing 
white  phosphorus  by  a  decree  of  June  24,  1898,  but  the  entire  manu- 
facture of  such  matches  has  since  been  forbidden  (May  28,  1901),  and 
their  import,  export,  and  sale  forbidden,  except  in  very  small  quantities, 
Transit  through  Holland  is  permitted.' 

IX.—- 27m  Grand  Duchy  qf  Zuxetnbouf^^ 

The  estaUishment  of  factoriea  and  worksbope  in  Lnzemboiiig  is  sub- 
jeet  to  the  fiilfilment  of  certain  conditions  as  to  safety  and  hygiene,  which 
are  deemed  necessary  in  the  interests  of  the  publio  as  ml  as  of  the 
persons  employed  in  them. 

The  law  of  December  6,  1876,  reojulates  the  employment  of  women  and 
children.  The  age  for  beginning  work  is  tixed  at  twelve.  Young  persons 
may  not  work  at  night  or  underground.  No  girls  or  women  may  be 
employed  underground. 

This  law  was  further  amplified  and  defined  by  the  decrees  of 
August  23,  1877,  and  May  30,  18tt8,  on  the  hours  of  labour.  Children 
under  fourteen  years  may  work  eight  hours  a  day  if  provided  with  a 
medical  certificate  stating  that  they  are  fit  ;  if  not  their  maxinunn 
day  is  limited  to  six  hours.  Young  persons  under  sixteen  may  not 
work  move  than  ten  hours,  or  eleven  u  they  poisoss  a  medical  oertincate.. 
The  decree  of  1877  also  regulates  the  provisions  for  the  health  and' 
safety  of  factories  in  which  young  persons  are  employed. 

The  employment  of  youths  from  sixteen  to  eighteen  years  of  age  in 
mines  and  quarries  is  subject  to  a  law  of  April  30,  1890,  and  to  a  decree 
of  January  7,  1891." 

X. — Hungary, 

Hungarian  law  does  not  interfere  with  the  lahour  of  adults,  whether 
men  or  women ;  the  only  restriction  upon  the  labour  of  women  over 
sixteen  years  of  age  is  that  which  prohibits  their  employment  within  four 

weeks  after  confinement. 

No  special  law  exists?  for  Hungarian  mines  :  tlie  conditions  of  labour 
are  regulated  by  thb  Austrian  law  of  1854.  A  Bill  on  mining  indus- 
tries has  been  introduced  since  that  time,  but  it  has  not  passed.  It  must 
not,  however,  be  assumed  that  in  the  absence  of  special  legislation  the 
conditions  of  labour  in  the  mines  of  nun;j:ary  are  less  favourable  than 
elsewhere.  Women  and  children  under  fourteen  years  of  age  are  hardly 
ever  rni ployed  underground  j  the  force  of  custom  is  as  effectual  as  legal 
prohibition. 

'  Annuaire  d<;  la  Ughlaiion  du  Travail,  1898,  p.  S36j  Revue  du  Travail 
(^OJice  du  Trarail  de  Belgique\  July  1901,  p.  816. 

'  Mygihie  et  ShurM  4e»  TravaiUevn,  pp.  63  and  877^9, 
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By  the  law  of  April  15,  1889,  women  and  children  may  uoi 
be  employed  underground,  hop  to  olean  or  oil  machinery  in  motioii 
(Sectioii  12). 

XII. — iSttMMI. 

Modern  industrial  legislation  in  Russia  dates  from  the  year  1882.  By 
the  law  of  June  3,  1845,  young  persons  under  seventeen  and  women  were 
not  to  be  employed  at  night  in  cotton  mills.  Their  employment  was  per- 
mitted in  factories  working  with  a  double  shift,  provided  that  the  he-%d 
of  the  family  wan  working  with  them.  These  regulations  were  extended 
in  1890  to  all  textile  factories. 

In  1886  f  June  3)  a  law  was  passed  on  the  hiring  of  workmen  and  the 
institntion  of  factory  inspeetion,  which,  from  thee^rtent  of  its  appliratiosi, 
may  be  considered  as  the  principal  labour  law. 

The  inspectors  of  factories  receive  and  examine  disagreements  between 
employers  and  employed  and  complaints  ;  they  visit  places  where  strike* 
have  occurred  and  notify  to  the  chief  inspectors  the  measures  they  hav<» 
taken  to  bring  about  peace  ;  they  tix  reception  days  once  a  week  for  the 
hearing  of  verbil  explanations,  and  see  that  a  notice  of  such  days  is  huw^ 
up  in  all  factories.  They  must  obtain  from  employers  noticr*  of  all 
enlaigement  or  reduction  of  factories,  of  changes  in  the  managing  staff, 
of  all  oases  of  distnrbance,  of  all  accidents  ;  they  most  obtain  statastieB  of 
hours,  overtime^  employment  of  women,  young  persons,  and  children,  and 
information  on  indnstnal  statistics. 


XIIL^^tt^n. 

Bj  a  decree  of  Jnne  22,  1883,  women  were  not  to  he  employed  within 
lonr  weeks  after  confinement  unless  provided  with  a  medical  oertifieate 
stating  that  it  would  not  be  injurious  to  them  to  resume  work.  Women 
and  yonng  persons  might  not  be  employed  to  clean  or  oil  machinery  in 
motion.  The  Committees  of  Public  Health  might  forbid  their  employ- 
ment in  industries  of  a  particularly  dant^erous  or  exhausting  nature. 
Employers  must  keep  a  register  stating  the  {vge,  degree  of  education,  and 
the  state  of  health  of  the  protected  persons  in  their  service. 


XIV.— JTorway. 

The  law  of  June  27,  1802,  on  the  inspection  of  factories,  embodies  all 
previous  legal  enactments  for  the  protection  of  factory  workers.  This 
law  embraces  industrial  undertakings,  mininc^  and  metal  works  of  all 
kinds.    Doubtful  cases  are  referred  to  the  inspectors. 

Women  may  not  be  employed  (1)  underground;  (2)  in  cleaning  or 
oiling  machinery  in  motion ;  (3)  for  six  weeks  after  contiuemeut,  unless 
pitmded  with  a  medical  certincate  stating  that  they  may  return  to  work 
after  four  weeks  without  injury  to  their  health  i  (4)  in  dangerous,  un- 
healthy, or  exhausting  trades  during  pregnancy. 
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Ikctory  legisUticni  in  Denmark  originated  with  tbe  law  of  186S  on 
unhealthy  industrial.   The  game  trades  were  further  regalated  by  the  law 

of  1858,  but  no  protection  was  afforded  to  labour  generally  until  the 
passing  of  the  Factory  Act  of  1873  and  tho  Act  for  the  Prevention  of 
Accidents  of  1889.  These  laws,  which  have  remained  in  force  up  to  nearly 
the  present  time,  are  now  superseded  by  a  law  published  on  J uiy  1,  1901, 
which  oame  into  foroa  on  January  1, 1903, 

The  law  exiatlng  in  1901  applied  to  all  factories  and  workshops  where 
Bteam  or  other  power  is  used.  It  placed  no  restriction  upon  the  labour  of 
adults  of  either  sex,  but  afforded  a  certain  protection  to  joang  penona 
under  eighteen  years  of  age. 

The  chief  features  of  the  new  law  are  : — 

(1 )  The  clause  which  prohibits  the  employment  of  women  during  the 
four  weeks  after  confinement,  except  upon  the  production  of  a  medical 
certificate  showing  that  the  mother's  employment  will  not  injure  either 
harwlt  or  her  child. 

^3)  The  creation  of  an  industrial  coonoil  composed  of  a  president 
appointed  by  the  King  and  eight  other  members,  of  whom  three  at  least 
must  be  employers  and  three  at  least  employees,  appointed  by  the  Minister 
of  the  Interior,  It  acts  as  an  advisory  body  to  the  Factory  Departujent, 
and  may  investigate,  on  its  own  initiative,  any  question  arising  under 
the  law. 

(3)  Tho  oiganisation  of  the  ataif  of  inqMcton  as  a  fsctory  departmenti 
ftt  tiie  head  of  which  will  be  a  director  appointed  by  the  King^  with  twp 
secretaries,  experts  in  economics  and  technology.  The  number  of  in- 
spectors will  be  fixed  by  the  legislature  in  the  'Budget  Law,'  but  the 
Minister  of  the  Interior  may  in  the  meantime  appoint  up  to  twenty 
inspectors.  Tbe  number  permitted  by  the  old  law  was  only  two,  with 
twelve  snVin^tecton  amwinted  hj  the  Act  of  1889. 

(i)  The  provisions  ol  the  law  of  1889  on  the  prevention  of  accident* 
are  incorporated  in  the  new  law,  which  requires,  in  addition,  that  a 
minimum  space  of  282  cubic  feet  bo  allotted  to  each  worker,  and  that 
efficient  ventilation  be  secured,  if  necessary,  by  artificial  means.  Work- 
rooms must  be  properly  warmed,  and  employers  are  bound  to  provide 
rooms  in  or  near  the  factory  where  their  workpeople  can  take  their 
meala  Provision  for  warming  food  must  afao  be  made  wherever  this  ia 
possible^* 

The  law  on  the  prevention  of  accidents  arising  from  the  use  of 
machinery,  April  1889,  forbade  the  employment  of  women  to  dean  or  oil 
machinery  in  moUon.  There  are  no  otiier  direct  restrictions  placed  npon 

the  employment  of  women  by  Banish  law. 

The  number  of  women  employed  in  industry  in  Denmark 'is,  according 
to  the  census  returns  of  1897,  30,700,  exclusive  of  employers,  forewomen, 
tfcc.  Of  these  some  13,000,  or  not  (luite  one-third^  come  within  the  scope 
of  the  Factory  Acts.  The  new  Factory  Act  mentioned  above  will  un- 
doubtedly occasion  a  great  extension  of  inspection,  but  it  is  of  too  recent 
cUte  to  give  avaiUble  romlts, 

*  MygiiM  ti  Siowiti  da  TrawiUeMm,  pp  138.148  (.Labour  QazetU^  August  1901). 
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The  indirect  results  of  tho  recont  extension  of  factory  Inspection  are  of 
considerable  importance  as  regards  their  intiuence,  both  on  the  hours  o( 
labour  and  on  the  general  condition  of  factories.  The  following  figures 
fihow  how  considerable  has  been  the  increase  in  the  number  of  faciones 

of  the  Act  of  1873  on  the  Uhant  of 
childran  and  young  penons^  and  the  Protection  of  MachineiyAet  of  1889. 
In  1874,  the  first  year  that  the  former  Act  was  in  force,  tlie  anmber  of 
f  actcrieg  under  in4)ection  was  6731,  employiiig  altogether  21,i02  persait% 
of  whom  2,632  were  children,  2,522  were  young  persons,  and  16,24Sw«m 
adults  ;  in  1 900  the  number  of  factories  had  risen  to  3,652,  employinf 
altogether  7cS,20G  persons,  of  whom  3,464  were  children  between  ten  and 
fourteen  yoars  of  age,  8,295  young  persons,  and  60,447  adults,  of  whom 
13,192  were  women.  The  statistics  compiled  by  the  factory  inspectors 
show  that  during  the  years  1874-1900  there  has  been  a  tendency  for  the 
proportion  of  ohildran  to  ednlte  to  deoroue^  while  the  proportion  of  jonng 
persons  has  reoently  inereasBd.   (The  aetval  numbers  are  higher  in  boft 
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The  new  law  of  April  1901,  which  raises  the  age  for  beginning  work 
to  twelve  years,  will  probably  cause  a  still  further  displacement  o£  child 
labour. 

Of  the  66,447  adult  persons  under  inspection  some  13,000  are 
women:  they  are  employed  in  small  nmnbers  in  the  same  industries  in  whish 
men  are  engaged,  with  the  exoeption  of  gas-works  and  floor  mlUa  with 
mechanical  power.  The  only  industries  in  which  they  are  employed  to  the 
Bomber  of  1,000  and  upwards  are  the  cotton,  linen,  and  woollen  trader 
and  the  manufacture  of  tobacco  and  cigars.  This  fact  has  an  influence  on 
the  hours  worked  by  women,  for  though  the  hours  of  labour  are  only 
legally  restricted  for  children  and  young  persons,  the  result  of  inspection 
has  been  a  notable  decrease  in  the  numl>er  of  establishments  working  very 
long  hours.  These  are  now  found  only  in  the  smaller  workshops  where 
one  or  two  persons  are  employed,  very  rarely  in  the  larger  factorif^  The 
proportion  of  textile  fsctimes  doing  more  than  10(  hours'  eflfoetive  work 
la  only  aboat  7  per  cent,  whereas  as  many  as  47  per  cent,  work  only  ten 
hours*  The  following  table  shows  the  decrease  in  the  hours  of  labov 
generally  which  has  taken  place  since  the  institution  of  factory  inspect 
lion 


PercmUage  of  Factories  working  not  mors  tAan  10^  hours  a  dtqf. 


1874 
1880 
1885 


41-7  per  cent. 
r,9-4 

G66 


1800 
18i>5 
1900 


73  8  par  cent. 
80-9  ^ 
90*8 


The  debates  on  the  new  Factory  Act  raised  the  question  of  the  

to  which  women  were  employed  at  night,  and  returns  from  all  the  inspec- 
toral districts  showed  that  in  all  the  industries  under  inspection  only  127 
women,  or  about  1  per  cent.,  were  regularly  employed  at  night.  Them 
were  distributed  as  follows  : — 
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Cement  irotki .  9 

OUms  do. .     .     •     .14  (working  alternately  from  4  A.1I.  to  1  VM^  and  from 

2  to  10  P.M.) 

Ftuptrdo,,      •      .      .14  night  and  day  iltemat^ly. 

Printing  do.    •      .      .40  some  hours  every  night. 

Sngar  do.       ...  26  altematf  ly  day  and  night  for  two  or  three  montha  in 

winter. 

Chocolate  and  aweolt  do. .    11  from  8  to  10  p.m.  during  two  months  in  winter. 
Viah-aet  do.   ,     .     .21  alternately  6  a,m,  to  3  P.M.,  and  8  p.if.  to  12  midnight. 

Wliers  tiM  inspeeton  find  lliat  Aoddente,  which  are  gf^nerally  of  a 
iii|^t  oaton^  bave  bean  oanaed  by  the  employment  of  women  to  dean 
machinery  in  motion^  they  cause  extracts  from  the  law  with  regard  to 
this  particular  to  be  hung  up  in  the  work-rooma  where  women  are  employed 

to  tend  machinery. ' 

The  above  information  is  derived  from  the  lieport  of  the  Factory 
iDsneotors  for  1900-1901.  Tabular  statements  ol  the  number  of  esta- 
blisbmenta  employing  ehfldren,  young  penons,  and  mecbanieal  power  are 

contained  in  the  official  publication  entitled  '  Statistiike  Oplysninger  om 
Kobenhavn  og  Fre<leriksl)erg.'  These  returns,  however,  are  only  brou^'ht 
up  to  1895,  and  the  locality  is  circumscribed,  whereas  the  Reports  of  the 
Factory  Inspectors  cover  the  whole  country.  It  has  therefore  been 
thought  unnecessary  to  extract  the  figures  in  detail,  but  the  following 
teUe  abowB  the  tame  tendency  to  a  decroaie  in  the  employment  of  ehil* 
dren  and  young  pemn%  as  is  noted  by  the  inapeoton : — 


l^treeHtaff$  ^  CMidrm  mid  Young  Buwiu  m  Ftttoriet  mier  Iiupeetion  in 

OBpmAagm  mid  Frederikaberg, 


Total  NOb 

Obiidren 

Yonog  Persona 

Children  and 
Yonng  Persons 

1891 

17.604 

4-6 

91 

13-7 

1899 

18,148 

4-4 

91 

18*6 

180.3 

19,187 

4-3 

8*7 

130 

1894 

19,082 

4-2 

9K> 

130 

1895 

19,787 

41 

8S 

126 

Wfkgw. — ^Tfae  official  retunu  with  regard  to  wages  do  not  distinguiih 
between  the  eamingi  of  women  employed  in  factory  and  non-&ctory  in- 
dustries ;  the  annual  earnings  are  500  kr.  as  compared  with  140  kr.  in  1892. 
This  rise  had  almost  always  been  accompanied  by  a  decrease  in  the  hours 
of  labour,  and  it  was  found  that  Sunday  rest,  tirst  enforced  by  the  law  of 
April  1,  1891,  was  generally  observed. 

Hr.  Marcus  Rubin  and  Mr.  CSordt  Trap,  who  edited  the  statistics  for 
the  two  periods,  in  their  suggestions  as  to  the  causes  of  this  rise  of  wages 
and  decrease  of  honr%  do  not  directly  mention  legislation,  though  Mr. 
Rubin  refers  to  the  increase  of  factory  industry.  They  are  rather  inclined 
to  lay  stress  on  the  general  rise  in  the  standard  of  life,  and  above  all  on 
trade  organisation.' 

'  ForslcJline  Vrrf/h^Irhrr.  Bt  reinboj  fil  Justitxmlnhterigtgff  TndenHftmitlUtarift 
I^abriitiisunfitg  Virluomhed  %  Finanmaret  1900-1901. 

*  Ikmrnarkt  BatNtdvaark  og  Tndugtri,  femte  Itaekke.  Litra  A.  Nr.  1,  1899. 
Arhfjd*lonju  II  I  Kahenham  i  Aaret  1892.  MaiCDS  Rubin.  Arhejdthnnen  i  KoheU' 
ham  i  Anret  Cordt  Trap.    The  Committee  are  indebted  to  Mr.  Steffeneen  foC 

copies  of  these  wor)u  and  other  valuable  information* 
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I.  Pttfaee, 

Tns  first  ton  sections  of  this  Report  give  a  summary  of  the  work  done 
on  road  resistance  from  the  earli€sfe  tim«  for  wliiob  vacorda  are  STulable. 
It  is  quite  poBsible  that  the  work  of  eome  inveetigatorB  may  have  been 

overlooked,  but  at  the  name  time  the  chief  results  which  have  hitherto 
been  made  known  are  presented,  for  thp  fir.st  timo,  in  a  concise  form. 
The  work  of  most  of  the  French  oVjservers  has  been  drawn  to  a  great 
extent  from  A.  Debauve's  '  Manuel  de  I'ing^nieur  des  ponts  et  chauss^.* 

It  has  nut  bi.eu  possible  to  carry  out  during  the  present  year  in  a 
sufficiently  complete  manner  the  experiment!  with  the  British  Association 
apparatus  in  order  to  be  able  to  compare  the  results  obtained  with  the 
formnltt  and  laws  which  the  summary  gives,  but  it  is  hoped  that  b^ 
another  year  the  work  will  have  been  suffioiently  advanced  to  enable  thui 
to  be  done. 

II.  Corrdze  and  Manes  (1832). 

MM.  Corrtjze  and  Mant  s  treated  the  subject  from  both  theoretical  and 
practical  standpoiijts,  and  the  conclusions  they  arrived  at  fully  contim)e(i 
^  series  of  exp^erii^eAtA  made  by  a  commission  of  engiueeni  in  1816, 
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The  foUowiag  are  their  oonoliiuonB 

That  the  resistenoe  to  rolling  is  oompoaed  of  two  elements :  (i.)  Frie- 
tion  of  the  wheel  upon  the  road  ;  (iL)  axle  friction. 

(i.)  Tliat  wheels  of  vehicles  destroy  the  rond  in  proportion  to  their 
load,  width  of  tyres,  and  speed.  If  the  tyres  be  narrow  the  friction  may 
be  simply  treated  as  a  rolling  friction,  but  if  the  tyre  be  wide  then  a 
pivoting  action  is  introduced. 

The  efifoct  whidi  a  wheel  produces  upon  the  rood  depends  upon  the 
load  upon  the  wheel,  the  resistance  of  the  material  of  wmeh  the  road  is 
made,  and  on  the  nature  of  the  surface.  If  the  load  be  great  and  the 
tyres  narrow,  tlie  wheel  will  form  a  rut  in  the  road,  but  if  the  tyre  1)6 
wide,  the  load  becomes  distributed  and  does  not  damage  the  roadway. 
A  wheel  tx-avelling  along  a  road  badly  kept  or  badly  constructed  meets 
with  obstacles  agaim>t  which  it  strikes  and  surmounts  with  difHculty,  and 
from  which  it  ftdls  to  the  ground  again  with  a  force  proportional  to  its 
weight  and  the  height  of  the  obstacle.  This  action  being  continually 
carried  on  is  very  destructiTe  to  the  roads. 

In  cases  where  roads  are  uneven,  springs  should  carry  the  load,  as 
they  convert  the  series  of  shocks  into  a  simple  increase  of  pressure  and 
preserve  the  horizontal  component  of  the  force,  which  otherwise  would 
be  lost 

The  destruetive  effect  of  a  wheel  upon  the  road  increaies  with  the 
load*  .the  speed  remaining  constant,  but  the  rate  of  increase  of  damage 

to  the  road  is  far  greater  than  the  increase  of  tlie  load. 

The  influence  of  speed  is  such  that,  with  equal  loads,  on  a  well-kept 
rcmd,  the  destructive  effect  of  the  wheel  (Iccrea.ses  with  an  increase  of 
speed,  but  on  a  badly  kept  road  the  reverse  takes  place. 

MM.  Gorrte  and  Mante  proved,  by  direct  experiment^  that  the  ratio 
between  the  tractive  effort  and  the  load  increases  with  the  speed. 

Oarriages  with  four  wheels  in  unequal  pairs  require  less  tractiTe  effort 
than  those  with  two  wheels  or  two  equal  pairs  of  wheels. 

(ii.)  Axle  friction. — By  the  contact  of  a  spindie  with  its  bearings  a 
sliding  friction  is  produced. 

Suppose  the  coefficient  of  friction  s  iV»  '^'^  ^ 

Then  total  resistance  due  to  axle  friction  \ 

If  ratio  of  radius  of  wheel  to  that  of  axle  as  ^ , 

*n.^  resistance  at  axle  of  wheel  , 

Tlien    —  — .  -    =  .^Q. 

resistance  at  circumference 

Therefore  resistance  at  circumference  =  ._.  P. 

But  on  a  £^ood  road  resistance  to  traction  =  r,'-,  P. 

So  the  axle  friction  only  =  ^  that  of  total  resistance. 

Edgeworth  experimented  and  found,  in  1808,  that  on  a  rough  road  a 
yehide  with  springs  had  only  one-third  the  resistance  (Mf  one  without,  at 
8*8  kilometres  per  hour. 

III.  Tlie  Work  of  Coriolia  (mb), 

Coriolis,  a  civil  engineer,  applied  the  theorem  of  work  to  the  traction 
of  veliicles  and  investigated  the  work  of  resistance.  He  proceeded  as 
follows : — 

Let  F  equal  the  tractive  effort  and  s  the  distance  run.  Then  the 
integral  of  the  q[uaiitity  F  d$  will  equal  the  total  wor^c  due  tQ  the  reaction 
of  the  ground. 


.  lijKi^  i i.y  Google 


315 


The  work  of  reaiAUnoe  oonaisto  oC : — 

(L)  That  absorbed  by  the  play  of  the  springi^  usoally  negligible, 
(ii.)  Tliat  due  to  the  aoticMi  of  the  wheels  upon  the  road. 

(iii.)  Axle  friction. 

(iv.)  That  absorbed  by  liills. 

(v.)  That  due  to  the  variation  of  the  momentum,  which  may  be 
ncglectf^d  durinf]^  a  day's  run,  as  the  vehicle  passes  in  a  sliort  time  from 
a  state  of  re^t  to  its  normal  velocity. 

Goriolis  states  that  the  tractive  effort  required  is  practically  propor- 
tional to  the  work  duo  to  the  action  of  the  wheels  upon  the-roed  md 
ajde  friction,  tlio  other  quantities  being  negligible. 

That  axle  friction  is  a  sliding  friction  constant  in  value  and  inde- 
pendent of  the  extent  of  surface  in  contact,  and  can  be  reduced  by  altefiug 
the  arc  of  contact,  which  is  limited  by  practical  considerations. 

Thftt  the  reectioii  of  the  read  upon  the  wheel  would  be  nU  if  the 
ground  were  infinitely  soft»  and  equal  to  the  load  if  incompreBBble. 
Neither  case  appears  in  practioe,  but  the  reaction  is  variable  and  mcrsMM 
with  the  oompresaion. 

Jip^  reaction  of  the  ground,  h  s  compression  of  the  road»  then  work 


of  leaistaaoe  8=  ^j^dh  =  |^ .  dp. 


The  more  rigid  the  ground  the  move  will  p  increase  with  h; 

will  diminisli  with  p,  and  the  work  will  Ije  less  for  a  given  value  of  p. 

That  the  reaction  depends  not  only  on  the  nature  of  the  road,  but  also 
on  t}ie  diameter  of  the  wheels  and  width  of  the  tyres. 

That  on  a  homogeneous  surface  the  resistance  due  to  reaction 


a  =  coefficient  that  varies  inversely  as  the  Imrdness  of  the  road  '» 
total  load  ;  L  =  width  of  tyre  ;  11  =  radius  of  tlie  wheel. 
Coriolis  drew  the  following  conclusions  :— 

That  to  reduce  the  work  due  to  resistance  the  road  ought  to  have  .as 
great  a  rigidity  as  possible,  and  that  the  ipnaga  should  be  as  Hexible  a« 
possible. 

rv.  SxpwimmU  and  Candtmom  of  Oenertd  Marin  (1837-42)^ 

These  experiments  were  made  by  General  Morin,  1837-42,  by  order 
of  the  Ministers  of  War  and  Public  Works,  being  carried  out  with  the 
sreatest  care  and  under  the  most  vnried  oonditioiis.  The  results  bate 
been  collected  together  into  a  large  treatise^  from  which  the  foUofwiaig  ii 
taken;-* 

A  Ji^sumd  of  General  Morin. ^  Work  on  liolliny  Friction, 

(a)  There  is  the  simple  turning  of  one  curve  upon  another  when  the 
two  curved  surfaces  arc  always  in  contact,  and  when  the  arcs  psssed 
through  in  a  given  time  are  of  equal  length. 

^  Tills  formula  is  midway  between  General  Morin'a  and  Dupuii's, 
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(b)  Simple  rotation  of  a  cylinder  upon  an  horizontal  surface,  when 
the  surface  formed  on  the  plane  is  an  envelopment  of  the  cylinder. 

A  cylindrical  body  alone  can  roll  upon  a  plane  in  a  straisht  line.  If 
the  body  be  not  cylindrical,  the  rolling  motion  it  aooompanied  by  a  sliding 
one,  or,  what  amounts  to  the  same  thing,  a  pivoting  motion. 

This  action  is  particularly  noticed  when  a  wheel  with  a  cylindrical 
tyre  leaves  one  straight  line  direction  for  another,  and  such  a  wheel,  when 
rounding  a  curve,  is  subjected  to  simple  rotation  and  also  a  pivotinff 
action  aboat  its  Tertacal  azl%  and  consequently  tends  to  twist  the  whed 
from  its  true  position  to  take  up  a  position  relative  to  the  curve. 

Morin  experimented  in  the  following  manner :  Upon  two  parallel 
beams,  with  horizontal  faces,  were  placed  two  loaded  cylinders.  In  order 
to  give  motion  to  these  cylinders  additional  weights  were  added,  acting 
tangentialiy  to  the  cylinders  and  parallel  to  the  beams. 

For  diflforent  cylinders  and  snrfiaces  the  force  required  to  impart 
motion  was  found  by  experiment. 

The  force  thus  found,  which  imparted  a  uniform  rolling  movement  to 
the  cylinders,  must  be  that  which  just  overcomes  the  resistance  to  rolling, 
for  if  the  force  were  too  great,  the  motion  would  become  uniformly 
accelerated,  and  if  the  force  were  too  little,  the  cylinders  would  come  to 
rest. 

Consequently,  from  the  above  it  may  be  inferred  that  the  moment  of 
the  additional  weights  about  the  axis  of  rotation  is  equal  to  the  moment 

of  the  frictional  resistance  about  the  same  axis. 

Calling  R  the  resistance  due  to  friction,  which  is  supposed  to  act 
tangentialiy  to  the  wheel,  of  which  ?•  is  the  radius,  p  the  pressure  trans- 
mitted by  the  wheel  to  its  supports,  and  A  a  cuustaul ;  theu  we  have 

r 

•which  sums  up  the  law  for  rolling  friction. 

From  the  experiments,  which  were  made  by  Morin  to  ascertain  tii0 
truth  of  Coulomb  s  Law,  he  drew  the  following  conclusions  : — 

(i.)  On  fibrous  materials,  such  as  wood  ;  on  spon2:y  tejitUf^s,  As  leather  ; 
on  granular  bodies,  as  plaster:  *That  the  resistuiice  to  rolling  varies 
inversely  as  the  diameter  of  the  wheel,  measuring  this  force  (R)  at  the 
circumference  of  the  wheel.' 

(iL)  On  compressible  surfaces :  '  That  the  resistance  to  rolling  inereasss 
as  die  width  of  the  tyre  diminishes.' 

(iii.)  On  an  elastic  substance,  such  as  indiarubber  :  *  That  the  depth  of 
the  depression  is  practically  proportional  to  the  pressure,  provided  that 
the  elasticity  remain  constant  ;  the  depth  of  the  depressions  increases  as 
the  width  of  the  tyre  diminishes.  The  elastic  reaction,  or  the  force  with 
which  the  substaaee  tends  to  return  to  its  original  form  (after  the  pressure 
has  been  removed)  is  not  always  very  rapid  even  in  the  case  of  india- 
rabber,  so  it  is  much  less  so  on  a  stone  road  ;  in  consequence,  it  does  not 
restore  to  the  whorl  the  whole  force  expended  on  it.  Even  on  railways^ 
where  the  rails  return  very  ijuickly  to  their  normal  shape,  the  speed  of 
the  train  is  too  2;rea.t  for  the  vehicles  to  recover  the  work  that  has  been 
transmitttrd  to  the  rails.' 

(iv.)  On  a  homogeneous  body,  such  as  wood :  'That  the  pressure  alters 
tlie  elastieify,  and  that  the  lesistMioe  to  voUing  itwreases  more  rspidly  as 
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the  pressure  increases ;  consequently  wood  pavements  al*e  not  raiuuk 
for  heavy  traffic' 

The  law  for  thn  ratio  of  rolling  friction  to  the  pressure,  eniiiicifttod 
by  Coulomb  and  otliers,  is  not  a  general  or  mathematical  law,  hut  ovJ.r 
approximately  true  for  certain  cases  in  which  it  is  found  useful  toappljii. 

Coulomb's  Law, 
r 

Values  for  A,  the  constant,  are  as  follows 

1.  For  oak  wheels  runniug  on  poplar  boards,  the  g:raia  of  the 

oak  being  i)crpendicalar  and  that  of  the  poplar  parallel 

to  the  line  of  motion            .       ,      ,       ,       ,       ,  A  =  0<X)087<» 

2.  For  oak  wlioels  on  strips  of  leather   A  0011*95 

3.  For  oak  wheels  on  plaster .      •      •      •      •      •      •  A  s  0*000821 

Ex^riments  on  the  Haulage  of  VehicUi. 

For  the  following  experimeats,  General  Morin  made  vm  of  time  Jdndi 
Xsi  apparatus : — 

L  A  shaft,  to  which  a  number  of  equal  pulleys  were  attadied,  ao  that 

the  width  of  surface  in  contact  could  be  varied  ;  a  number  of  metal  dibci 
Vers  attached  to  the  axle  to  act  as  a  load. 

The  force  required  to  produce  uniform  rotation  was  found  by  trial  on 
\voll -beaten  clay,  tine  sand,  slab.^  of  marble,  boards,  etc.  In  each  case 
the  resistance  (R)  was  calculated,  being  equal  to  the  motive  weight 
multiplied  by  the  inverse  ratio  of  the  diameter  of  the  axle  to  the  diameter 
t)f  the  pulleys.  Tiius  it  wius  found  that  the  resistance  varies  with  the  load 
and  other  circumstances  met  with  in  the  experiments. 

IL  A  shaft  carrying  a  member  of  discs  to  varj  the  weight,  and  having 
Iwo  wheels  formed  by  a  number  of  pulleys.  In  this  manner  the  diameler 
of  the  wheel  and  the  width  of  the  tyre  could  be  varied  at  will. 

The  axle  was  attached  to  a  metal  frame,  to  which  one  or  more  hones 
were  harnessed.  A  dynamoniettM^  recorded  the  t motive  effort  by  means 
of  a  pencil  in  contact  with  a  mil  of  paper  which  was  unrolled,  the  move* 
ment  of  the  paper  being  proportional  to  that  of  the  wheel,  and  the 
deflection  of  the  spring  to  that  of  tho  tractive  effort.  The  area  of  the 
figure  enclosed  measured  the  work. 

III.  A  dynamometer  was  interposed  between  tlie  shaft  and  the  fore* 
oarriage.  The  tractive  force  was  quite  easUy  transmitted  by  this  method* 
Most  of  Morin's  experiments  were  performed  in  this  manner. 

The  causes  that  have  an  effect  on  the  tractive  effort  and  also  tend  to 
destroy  the  roads  are  :— 

(i.)  The  weight  or  pressure  upon  the  ground* 

(iL)  The  diameter  of  the  wheels. 

(iii)  The  width  of  the  tyres. 

(iv.)  The  velocity  of  the  vehicle. 

(v.)    The  angle  of  inclination  of  the  puU, 

(vi)  The  ethciency  of  the  springs. 

From  each  experiment  Morin  obtained  a  ralue  lor      the  Imctife 
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effort,  or  the  pull  exerted  by  the  horse.  This  value  corresponds  to  values 
dotenntned  from !— - 

The  inclination  of  the  ground  .      •      •      .  (t) 

The  inelmation  ol  the  pull     .      *  •  (») 

llie  weight  of  the  Bhftft  and  its  additionAl  load  (P) 

The  weight  of  the  feame  and  pole   .       •      •  (p) 

Tho  total  rise  of  the  ground  during  the  run    .  (A) 

The  distance  run  (L) 
The  coetiicient  ••••••(/) 

Now  sin  {%)  =      and  the  total  pressure  transmitted  to  the  ground 

s=(P+;^).  Apply iiij^  the  theorfeni  of  Woi'k  to  the  movement  of  the 
vehicle  : — The  force  F  nets  through  a  distance  and  its  direction  makes 
with  the  surface  of  the  ground  an  angle  (a). 

Therefore  the  work  done  in  moving  the  diatance  L  is  e^ual  to 
TLooeci. 

Work  due  to  reaistanoe  ia  composed  of  ^-* 

(L)  That  due  to  the  weight  of  the  vehicle^  ko^  and  whieh  is  equal  to 
the  wn^t  multiplied  bj  the  total  rise. 

Work  due  to  weight  =  (P+p)A. 

(ii.)  That  due  to  the  reaction  of  the  ground  upon  the  wheel  : — 
Calling  K  that  reaction  or  resistance  to  roliins,  which  acta  tangentially  to 
a  wheel  whose  radius  is  r,  and  if  the  ^re  develops  itself  exactly  upon 
the  load,  the  point  of  application  of  the  force  travelB  a  distance  then 

Work  due  to  the  reaction  of  ground  on  wheel  (R)  =  KL. 

(iii.)  That  due  to  the  friction  of  the  axle  in  its  bearings  : — The  spindle 
id  acted  upon  by  two  forces,  i.e.  the  pull  F,  which  makes  an  angle  of 
(tt  +  i)  with  the  horizon,  and  the  weight  or  vertical  force  (p).  The  re- 
sultant of  these  two  forces  ii  normal  to  the  circumference  of  the  axle,  and 
is  represented  bj  the  third  side  of  a  triangle,  of  which  F  and  P  are  the* 

other  two,  making  between  them  an  angle  of  ^  + 

••.  Resultant  «^/F•+P*—2~F;?  sin  + 

and  if  we  multiply  this  expression  by  the  coefficient  of  friction  (/)  we 
obtain  the  tangential  rolling  force  applied  to  the  .spindle.    The  distance 
travelled  by  its  point  of  application  is  equal  to  the  distance  (L)  run  by 
the  wheel  multiplied  by  the  latio  of  the  ladius  of  the  spindle  (p)  to  radius' 
of  the  wheel  (r). 

Then  the  work  due  to  the  friction  of  the  axle  in  its  bearings 

«  L  4^  >/F!»+i?=^-2      sin  (tt+i) 

The  velocity  of  the  vehicle  was  kept  uniform  throughout  the  experi- 
luents,  and  the  variation  of  the  momentum  of  the  system  was  zero. 
The  eqnaition  of  work  becomes — 
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The  effect  of  the  lemt  term  in  tliia  equation  k  very  small  ;  it  atteins  ite 
highest  valae  when  (•)  s  0,  but  usoaUj  toa  a  an  0*262»  sin  «  s  0*2S5^ 

^sO*02,  and/a:  0  066. 
r 

Substituting  these  values  in  the  equation,  it  will  always  be  found  that 
the  friction  of  the  axle  is  less  than  1  oO  to  1/100  of  the  tractive  forc^. 

Now,  neglecting  the  hist  term  and  making  cos  a  =  0*967,  the  formuk 
ia  reduced  to  the  expression — 

E=  0-967  F±(P+jp)^ 

Lf 

The  values  of  /<,  L,  P,  and  p  are  known,  and  the  dynamometer  gives 
F ;  the  resistance  li  can  then  be  determined.  Representing  R  by  an 
ordinate  to  a  given  scale,  Metangalar  axes  ox  and  oy  can  be  chosen  :  if 
from  the  axis  as  the  values  of  the  element  which  varies — t^.,  the  we|ghl 
(P-\-p) — be  marked  off,  and  at  the  extremity  of  each  of  tiiese  values  aa 
ordinate  corresponding  to  the  value  of  R  be  raised,  then  a  number  of 
points  can  be  determined  lying  on  a  curve,  and  from  the  iotmcl  the  enrve 
can  hv  found  the  law  whioi  governs  the  ratio  between  the  resistanoe  B 
and  the  variable  clement. 

The  preceding  formulae  only  apply  to  traction  upon  level  roads. 

The  following  are  the  conclusions  drawn  from  General  Moriu's  nrst 
series  of  experiments  : — 

T.  'The  i(^sist;uicc  to  traction  on  macadam  or  paved  roads  (taken  rela- 
tively to  the  axle  parallel  U)  the  ground)  is  proportional  to  the  pressure 
and  inversely  proportional  to  the  radius  of  the  wheel. 

II.  '  The  ueterioratiou  of  the  road  due  to  the  vehicle  increases  as  the 
wheels  decrease  in  diameter/ 

ni.  *  The  resistanoe  is  very  nearly  independent  of  the  width  of  Ifas 
tyres  on  macadam  or  paved  roads  for  sites  above  0*08  m.  to  0*10  m.  in 
width.* 

IV.  *  On  compressible  roads,  such  as  loose  earth,  sand,  gravel,  and  nssr 
macadam,  the  resistance  to  traction  decreases  as  the  width  of  the  tyre 
increases  :  the  proportion  depends  upon  the  condition  of  the  road.  On 
haixl  roa^is  it  is  useless  to  employ  wide  tyres,  and  on  macadam  in  the 
ordinary  state  the  tyres  should  not  \ye  wider  than  O'lO  m,  to  O'Tira.* 

V.  *  On  soft  ground,  such  lis  soil,  sand,  earth  driftways  in  good  con- 
dition, rutty  roads,  or  layers  of  gravel  on  hard  ground,  the  resistance  is 
independent  of  the  ^peed  of  the  vehicle  with  or  without  springs.' 

V  I.  *  At  a  walkmg-paoe  on  all  roads  the  redstance  is  prsetMalljr  the 
same  for  all  vehicles.' 

YII.  '  On  macadam  or  paved  roads  the  resistance  inorsases  with  the 
speed.'  Tlie  rate  of  increase  of  resistance  is  nearly  in  proportion  to  the 
increase  in  speed,  with  an  initial  speed  of  1  m.  per  second.  The  less  riin  1 
the  vehicle,  the  better  the  springs  of  the  vehicle  ;  and  the  more  uniform  the 
road,  the  less  will  be  rate  of  increase  of  resistance. 

YIII.  '  On  good  sandstone  pavement,  well  laid  and  uniform,  the 
resistance  at  walking  pace  is  only  three-quarters  of  that  on  the  best 
macadam ;  and  for  vehioles  well  hnng^  the  resistanoe  at  trotting  paoe  on 
good  pavement  is  equal  to  the  resistanoe  on  good  macadam.  But  on  bad 
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pavement,  with  the  setts  too  far  apart,  tlie  resistance  at  trotting-pace  is 
more  th«i  that  on  good  macadam,  eyen  with  vehioles  with  the  best 
springs.' 

IX.  'The  inclination  of  the  line  of  draught,  for  the  majdmum  useful 

pull,  increases  with  tlie  resistance  due  to  the  surface  of  the  road  and  as 
liie  diameter  of  the  fore- wheels  diminishes.  On  the  ordinary  road  the 
inclination  tends  to  the  horizon tal,  so  much  as  the  construction  of  the 
vehicle  will  permit.* 

These  preceding  facts  were  not  always  lM>rne  out  by  the  exjieriments 
conducted  by  General  Morin,  so  he  was  requested  by  the  Minister  of 
Public  Works  to  undertake  a  further  series  of  experiments  in  order  to  set 
at  rest  the  following  questions : — 

T.  Is  the  deterioration  of  the  surface  of  the  roads  in  inverse  ratio  to 
the  width  of  the  tyres,  with  equally  weighted  vehicle  ? 

II.  Can  vehicles  he  loaded  proportionally  to  their  width  of  tyres  t 

III.  Is  the  deterioration  of  the  road  in  inverse  ratio  to  the  diameter 
of  the  wheels  1 

IV.  Can  vehicles  be  loaded  in  proportion  to  the  diameter  of  the 

wheels  ? 

V.  Which  causes  more  damage  to  the  road,  a  light  dog-cart  or  a 
country  oart,  both  equally  loaded  f 

VI.  What  is  the  rate  of  deterioration  of  roads  in  different  slates  of 
repair? 

After  a  further  series  of  experiments  he  replied  as  follows  : — 

(i.)  To  say  that  it  is  legitimate  to  weight  vehicles  proportionally  to 
their  width  of  tyres,  assumes  the  hypothesis  that  the  tyre  presses  equally 
upon  the  ground  throQghont  its  wfaiole  width,  which  ia  not  a  correct  basis. 

(ii.)  Equally  weighted  wheels  with  tyres  0*06  m.  in  width  deteriorate 
the  roads  more  than  tliose  with  tyres  0*115  m.  to  01 65  m.  There  is  no 
marked  difference  from  O'lld  m.  to  0*165  m.  in  width,  so  about  0-115  m. 
is  the  maximum. 

(iii.)  A  four-wheeled  vehicle  (waggon)  with  tyres  O  OCO  m.  in  width, 
diameter  of  fore- wheels  1*3  m.,  diameter  ol  rear-wheels  1*5  m.,  can  be 
loaded  up  to  2,400  kilos  in  dry  weather  and  1,800  kUoe  in  the  rainy 
season. 

(iv.)  Vehicles  equally  loaded,  and  with  the  same  width  of  tyre,  deterio- 
rate the  road  more  as  their  dianieter  is  decreased  within  certain  limits. 
The  least  dianit  tcr  of  the  fore-wheels  of  a  wag^^on  should  be  1  m.  if  it  will 
allow  them  to  turn  under  the  frame.  This  limit  is  6xed  upon  in  order 
not  to  nuse  the  centre  of  gravity  too  high.  The  diameter  of  the  wheels 
can  be  decided  upon  with  due  consideration  to  the  centre  of  gravity  and 
position  of  axle  and  frame. 

(v.)  A  load  of  2,465  kilos  drawn  hy  a  vehicle  with  tyres  2*029  m.  in 
diameter  and  in  width  0*115  m.,  on  a  good  macadam  road,  does  not  cause 
any  appreciable  damage  to  the  roads,  even  if  the  road  be  wet  on  the 
surface.  But  a  load  of  5,000  kilos  drawn  on  a  cart  with  wheels  1  -83  m. 
iu  diameter  and  tyres  0*165  m.  wide,  or  a  load  of  7,985  kilos  drawn  on 
a  four-wheeled  waggon  with  tyres  0*16  m.  wide  and  fore-wheels  1*011  m. 
and  rear- wheels  1*73  ra.  in  diameter  respootively,  produces  a  considerable 
deterioration  upon  the  road.  Therefore  the  load  should  not  exceed  3^500 
to  4,000  kiloa, 
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M.)  AkMdof  1,800 kilos <m a oari  with  tym 0*06 m.  in  width, oa& 
good  wiooiMfain  rood  wit)i  a  wet  surfaoo,  ooases  oonaiderable  doteriontioit 
to  the  roadway  ;  therefore  the  maximum  load  under  these  conditiont 

■bould  not  exceed  2,000  kilos,  unlosa  their  tyres  exceed  0*07  m.  in  width. 

(viL)  The  distribution  of  a  load  on  two  or  more  veliicles,  ptodut  ing  % 
distribution  ol  the  pressure  over  a  larger  suiiaoe^  oauees  less  damage  to 
the  road. 

(viii.)  A  load  of  8,000  kilos  oii  a  macadam  road  with  a  wet  surface 
oauaes  eonsidomble  damage,  and  this  Umit  ought  to  be  coosiderabl)' 
rdduoed  11  the  roads  are  to  be  kept  intaet. 

(ix.)  A  spring  carriage  going  at  a  trotting-paoo  with  loads  of  BflOO 
kilos  on  maosdam  roads  with  wet  aurlsees  does  not  eanse  any  mora  daosgt 
than  the  same  vehicle  without  springs  proceeding  at  a  walking-pace. 

(x.)  The  best  limit  to  fix  for  the  fore-wheels  of  waggons  ig  1  to 
I'lO  m.,  and  for  the  rear- wheels  1'50  to  1*60 m.,  in  aooordance  with  the 
constructioa  of  the  vehicle. 

The  following  table  gives  the  results  (after  Qenoral  Morin)  of  the 
fetation  between  the  traotive  effort  and  the  total  load  for  different  kiadt 
of  roads  and  vehicles : — 


Oemral  Monn*s  Table  for  the  Ratio  of  Tractive  J-orce  and  Tutal  Load. 


Description  tad  Ststo  of  BomU 


lerv 


W^ims  Waggons 


GmU 


I  Torf ,  softened    meltiog  anow 

j     „  firm  

.     „    very  dry    .  . 
[  Earthways  in  good  oonditioD,  dry.  k.c. 
Berth  fosd,  eovend  with  entradte 

I  snow. 

Firm  earth,  with  a  bed  of  aaiid  or 
gravel  01  to  01 5  m,  in  thickness. 

.  Mseadani,  dry  ami  uniform 

„      wet  and  dusty,  ]>rojecting  \ 
»i  tones.  > 
„      linn,  si  igiit  wear, and  aoft  % 
mud.  I 
)  flnn,  with  ruts  and  very> 

meddy.  » 
I,      worn  and  coveied  witht 
!  thick  niu<l.  ] 

:  I,  badly  worn  and  rutty,  mud  % 
vMy  thick.  f 
„  vefTbftdly  won,  and  with  \ 
deep  rut«,  hard  founda- 
tion, and  uuoqual  tur- 1 
lace.  j 

'  Sandstone  TOsd%  well  aet,  sad  doaelyt 

laid.  ) 

Roadfi  paved   with  Fontaineblcau  i 
!    sandatooe,  diy.  » 
Pftvod  roeda,  wet,  and  eo?ered  with  \ 

^     mud.  '  i 

^TUnber  ieofing  .ol  a  bridge    «  « 


■ 


^ 
8 


I 


I 

s'-tos', 

AtoA 


x'-  to  A 


1  -  1 

■  i  \ 

i 

:  A  i 

♦ 

ail  to 
^to^ 


I 


fJr«albiair. 

l^.,  trotting 

'  jr  trotting. 
'  nV.  walking. 
'  v.,  trot  tine. 
.5',-  walking 
t  }f  trotting. 
I  walking, 
trotting, 
walking. 
^  trotting. 

(■jJg  walking. 
\  1^  trotting. 

( ^  walking. 
*  f  full  jog. 
( ^  walking, 
t  trotting. 
( ^  walking. 
ij*  trotting, 
walking, 
ttotting. 
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'  Belov  k  C^enoml  Moim's  table  for  the  maximm  load  that  eaa  bo 
cbnawn  on  a  le^el  road. 


CtaMotYeliicle 

Country  cart,  with  1  horse 
Vonr-wlieel  ?«luele,  with  2  hones  . 

„  4  horses  . 

n         6  horbtin  . 
Cut,  with  1  bone 

„        2  horses 

„       8  horses       .  . 


Winter 


1,84)0  kilos 

2.400 
4,800 
7,200 
1.800 
3,500 
4,600 


•t 

n 
I* 
u 


Bummer 

2,000  kilos 

G,2(K) 
U.lOO 
2.500 
1,000 
6,000 


I 


•I 
*» 

n 
♦» 


Geneml  Morin's  experiments  decided  for  the  time  being  the  dimen- 
sioiLs  of  the  wheels  ancl  the  maximum  loads  that  vehicles  should  be  allowed 
to  carry.  He  stroQgly  recommended  the  erection  of  weighing  machines 
on  all  Uie  principal  thoroughlaret. 


y.  Ths  Seiearchea  of  M*  JDupuU, 

General  Morin'a  experiments  were  fully  accepted  by  the  soientifio 
world  ;  they  were,  however,  fiercely  attacked  by  a  civil  engineer,  M. 
Dupuit,  who,  after  much  experimenting,  arrived  atformulie  wh^h  difibred 
considerably  from  those  of  Morin. 

M.  Dupuit  pointed  out  a  number  of  errors  in  the  calculations  given  in 
Morin's  tables,  and  leads  ns  to  suppo«e  that  these  suggest  many  others  in 
Morin's  preliminary  calculations,  of  which  the  results  only  are  shown  in 
the  tables. 

He  states  thai,  the  figures  obtained  differ  considerably  from  those  that 
give  the  proportion  of  tlio  load  to  the  diameter  of  the  wheel  ;  that  General 
]VIorin  commits  a  serious  error  in  his  value  fur  axle  friction,  i.e., /.=0  05, 
whicij  is  too  small  and  ought  to  be  0*12.  That  the  distauce  travelled  per 
revolntion  onght  to  be  calculated  from  the  diameter  of  the  interior  of  the 
nave^  as  there  is  considerable  play  between  the  axle  and  the  nave.  That 
for  tiie  proportion  of  the  tractive  effort  to  the  diameter  of  the  wheel 
Morin  compares  experiments  taken  under  various  conditions,  which  re- 
moves all  cei-tAinty  from  his  results.  That  in  Morin's  experiments  on  the 
width  of  tyres,  the  pressure  and  width  of  tyre  are  varied  at  the  sjime  time, 
so  that  it  is  impooible  to  distingniih  the  part  played  by  each  in  the 
experiments. 

After  pointing  out  these  errors  in  General  Morin's  experiments, 

Dupuit  proceeded  to  conduct  experiments  exactly  similar,  but  with  his 
own  apparatus,  which  was  attached  to  a  special  car  and  had  the  advantage 
that  experiments  could  be  performed  more  quickly,  as  the  vehicles  to  be 
tested  had  only  to  be  attached  to  the  dynamometer  coupling  on  the  special 
oar. 

Dupuit  experimented  on  the  resistance  to  rolling  of  cylinders,  by 
placing  at  the  top  of  an  inclined  plane  wheels  which  were  allowed  to  toll 
down  and  run  along  the  level  until  they  were  brought  to  a  state  of  nst 
by  the  frictional  resistance. 

If  A  =  height  of  incline  ;  P  =  weight  of  wheel  j  S  =  distanoe  travelled 
•long  incline  and  level ;  Bsresistaiice  to  rolling,  then  resistance  offered 
to  the  weight  F  will  be  FB.  The  work  dne  to  reslKlaneb  will  b6  PB£L 
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and  tlie  equation  of  work  which  eqaaLiaes  the  woik  dona  bj  the  wdglMitii 
the  work  of  resistance  will  be 


PA  =  RPS 


or 


S 


Taking  the  square  root  of  the  diameter  D  of  the  cylinders,  and  obtaining 
the  product  li  >/L\  Dupuit  found  that  it  always  gave  a  constant  ouoiber^ 
which  proved  that  the  resiitanoe  to  rolling  varies  in  inverse  ratio  to  Ike 
square  root  of  the  diameter,  and  not  as  the  first  power,  as  stated  by  Morin 
and  Coulomb. 

M.  Dupuit  concludes  from  his  experiments  that  on  unifonu  isriMtt 
generally,  as  macadam : 

il)  The  tractive  effort  is  proportional  to  the  load. 
2)  „         „      independent  of  the  width  of  tyres. 

(3)  I,         „      inversely  proportional  to  the  square  not  of 

the  diameter  of  the  wheels. 

(4)  „  „       independent  of  the  velocity. 

That  the  tractive  effort  or  horizontal  force  necessary  to  move  a  veUda 
on  the  level  is  expressed  by  the  formula 

"P 

P  =  weight  of  vehicle;  i>  —  &  constant  wliich  expresses  a  ratio  between  \h6 
compressibility  and  elasticity  of  the  surface. 
The  constant  p  is  found  from  the  formula 

3  e 

in  which  e  is  the  instant  compression  of  the  ground,  and  t'  the  pennaaeat 

set  due  to  the  load. 

On  paved  roads,  Dupuit  recognised  that  the  formula  had  to  be  modiCed, 
for  although  the  force  required  is  always  proportional  to  the  load  and 
to  the  square  root  of  the  diameter  of  the  wheels,  yet  it  increases  with  ths 
speed,  and  diminishes  as  the  width  of  tyre  diminishes  within  certain  linutii 
and  also  that  springs  diminish  the  force  required,  whereas  on 
^rings  have  very  little  influence. 

JJupuiCs  Table  for  the  JRatio  of  Tractive  Force  to  Load, 


Cloaa  of  Vehicle 


Cart 

Rubbish  cart 

M  »» 
tt  M 

Gig     .  . 

Carriage 

Ohax^a-bano 

»t  • 

Coach  , 


jlUtioci  tnoCivefomto 


Diameter 
of  Wheels 

Width  of 
tyres  iu 

MftCftdain. 

Peved  Boads 

metres     walking  or 
1              1  trotiing 

• 

1'82 

•OS 

•1)32 

•012 

•028 

• 

1-86 

•076 

•031 

•0205 

•028 

• 

1*89 

•11 

•03 

•0176 

•018 

1-90 

•14 

•03 

■oim 

• 

1-48 

•05 

•036 

•024 

•(134 

• 

1-96 

•17 

•029 

•0177 

-028 

• 

1-60 

•OS 

•036 

•OS 

•0S7 

086 

■05 

•036 

•03 

•037 

• 

ir> 

•13 

•029 

•016 

•(Vi 

• 

0-95 

•13 

•029 

•016 

•02 
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Dnpuit  found  tbat  the  moan  force  required  to  draw  a  vehicle  loaded 
up  to  1,000  kiloa  waa 

On  maaidain  roads  s  30  Mtoa 
On  paved  roadtf      «  20  kilo* 

That  on  flagstones  perfectly  dressed  tlie  tractive  force  required  equals 
6  kiloK  per  ton,  and  that  on  aapbalte  equala  about  10  kilos  per  ton.  From 
the  above  he  obtained  the  following  ratio  : — 

The  reiiataDoe  on  railroads:  the  reatatanoe  on  pavements  :  the  resist- 
ance on  macadam  ::  1  ;  4  :  6  ;  l>ut  these  resistances  are  not  in  proportion 
to  the  respective  roughnesses,  wliich  are  lus  I  :  15  :  36. 

M.  Dupuit  performed  experiments  on  the  eflect  of  the  width  of  tyres, 
and  carefully  noticed  the  manner  in  which  they  wore.  He  found  that  the 
edges  became  forrowed  into  deep  grooves,  and  that  some  particles  of  the 
fitretched  iron  became  detached  ;  also  that  the  wood  having  at  fust  a 
rectilinear  section  was  found  after  being  considerably  used  to  be  elliptical. 

Experiments  were  made  with  wide  tyres,  and  it  was  found  that  for  a 
tyre  17  cm.  in  width  only  9  cm.  were  in  actual  contact,  and  6  cm.  of  a 
14  cm.  tyre  ;  from  this  he  concluded  that  the  length  of  contact  is  of  more 
importance  than  the  width,  this  being  at  least  14  cm.  for  a  tyre  2  m.  in 
diameter ;  that  wide  tyres  arc  only  useful  when  they  bear  on  the  road 
throughout  their  whole  width,  and  in  cases  when  the  road  is  soft,  uneven^ 
and  in  a  had  condition. 

Dupuit  states  that  from  actual  experiments  he  found  that  a  tyre  of 
17  cm.  after  a  few  weeks'  wear  was  reduced  to  14  cm.  and  after  a  few 
months'  to  11  cm.,  and  that  after  a  17  cm.  tyre  had  been  run  4,000  miles 
it  was  worn  out  and  showed  a  loss  of  1  kilo  for  every  20  miles  and  per 
ton  of  useful  load  oarried. 

And,  moreover,  since  the  tyre  is  rounded,  it  is  necessary  to  admit  that 
the  pressure  is  unequal  throughout  its  whole  width,  and  that  not  only 
does  it  diminish  on  both  sides  of  tlie  centre  but  to  the  right  and  left,  that 
the  surface  in  contact  is  not  square  or  rectilinear  iu  section  but  elliptical, 
forming  an  ellipse  the  major  axis  of  which  increases  fur  more  rapidly 
with  the  diameter  of  the  tyre  than  the  minor  axis  increases  with  the 
width  of  tyre. 

From  another  series  of  experiments  Pupuit  proved  that  under  a 
pressure  »if  2,000  kilos,  scarcely  of  the  material  of  the  road  was 
subjected  to  any  strain.  From  this  he  concluded  that  4,000  kilos  might 
be  taken  as  a  standard  load  for  a  two-wheel  vehicle,  and  the  weighting 
distributed  as  follows  : — 

Wheels  (one  pair)    .      .      .     600  kiloa 
Axle  and  frame  .      .     520  h 

Vsefolload    ....  %9ao  ., 

4.000  kilos  s  Total  load 

DiqmSt  m  ike  Effect  ofHoUowe  and  Mute  m  Soade, 
Dupuit  obtained  the  following  formuls  : — 
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in  wbldi 

O  =  tractive  force  on  the  level  R  =  Radius  of  the  wheel. 

6'  =     „        „    in  a  hollow  B  j  =  Radius  on  surface  of  the 
„       „  on  a  rise       |  road,  either  ooDcave  or 

;  convex. 

By  giving  diderent  values  to  Rj  iu  refereoce  to  li,  Dupuib  found  that 
the  hollows  have  the  eflbct  of  ineteasiqg  the  poll  to  a  km  ettent,  and 
their  influenoe  has  a  greater  eflbet  as  the  diameter  of  the  imel  iaersasoi^ 
and  that  the  rises  had  the  effect  of  decreasug  the  poll ;  hot  that  the 

increase  wrf;  ahvnvs  2;re/iter  tlian  the  dfcreaae. 

From  experiments  Dupuit  concluded  that,  piovidiii;,'  the  ix>ad  was 
undulating  and  had  no  very  sudden  rises  or  depressiunit,  the  effect  of  the 
undulations  was  practically  nil, 

VI.  Theoretical  I nvt'Hiyat  10)11*  of  Edmund  Leahy,  C.E.  (1847). 

In  an  exhaustive  treatise  on  '  The  Making  and  Repairing  of  Roads  ' 
Mr.  Loaliy  states  that  the  power  re<iuired  to  move  a  car  upon  a  le\ol 
road  depends  upon  the  friction  of  the  axles  and  the  resistniicr-  to  rrjUInt^. 
The  friction  of  the  axles  is  the  same  in  nearly  all  cases,  as  long  as  the 
load  and  the  car  are  the  same ;  but  the  ffesistiuioe  to  rtdling,  having  its 
itnmediate'actioii  at  the  tyre,  must  be  variable  aosordlng  to  the  dssoi^ 
tion  of  road  upon  which  the  wheels  move. 

He  proves  that  the  frictioB  at  the  asLle  can  be  represeated  by  the 
following  formula 

P-W^'^t«,A     .     ,     .     .  (1) 

where  P  is  that  ioioe  applied  at  the  tyre  which  is  just  sufficient  to  rotate 
cho  wheel  when  supported  on  its  axle,  where  W  is  the  load  on  the  axle, 
d  the  diameter  of  the  axle,  'Ir  the  diameter  of  the  wheel,  and  whwe  A  is 
the  limiting  angle  of  resistance  for  the  surfaces  in  oontAct. 

He  then  goes  on  to  contiider  the  re&istaiict'  to  i-olliiig,  which  may  he 
due  to  either  or  both  of  two  causes — namely,  irregularity  of  sniCsos^  or 
yielding  ol  surface  over  which  the  vehicle  passes. 

Dealing  with  irregularity  of  surface  first,  he  obtains  a  formala  for 
the  initial  effort  requiried  to  surmount  an  obstacle. 

The  formula  is 

p=wy.-'''*7^'  (2) 

where  P  is  the  tiBctive  effort  required,  r  is  the  rsdius  of  the  wheel, 
\V  is  the  load  on  the  wheel,  and  a  is  the  height  of  the  obstacle.  He 
farther  proves  that  when  the  traotor,  be  it  horse  or  motor,  is  unable  to 
exert  this  initial  effort,  the  minimum  velocity  which  the  vehicle  must 
have  to  surmount  the  obstacle  is  gi%  en  by 

/  9  /  A—  ^     /l^'HRt  h  of  arc  descriljetl  by  centre  of\  "I  ^^^v 

Y  =  V  -jf       ^     W  ^  V  ^lieel  iu  passing  over  the  obstacle  /  J  '  ^  * 

y  is  the  least  velooity  which,  together  with  the  diavght  will  enable 
the  vehicle  to  mount  the  obstacle. 
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Hne  he  tela  wiih  tlie  low  of  •mwgy  in  mtimUng  oUtotUli  and 
diow»  thAfc  this  low  k  giTen,  whrnt  h  k  MDftll}  1^      foUowuig  t— > 


Lo»  of  eneigy"*-- —  x-^  «      .      •      •  W 

This  is  lost  while  the  vehicle  is  moving  a  distance=2/,  say,  and  hence 
he  shows  that  the  average  effbrt  ia  giTeii  hy 

0 

Arerage  efforts  ^^^^  ..  •      «      •  «(5) 

He  oondttiies  from  these  ionn«lB  that  the  diaught  on  a  fMd  whose 

surface  presents  a  nnmber  of  unyielding  and  projeotfang  ohrtasiii  Taries 

directly  as  the  square  of  the  velocity,  and  inversely  as  the  sqnRrn  mot 
of  the  cube  of  the  size  of  the  wheel.  He  goes  on  to  say  that  the  draught 
upon  irregular  surfaces  must  be  much  more  than  that  which  has  been 
ascertained,  in  all  cases  where  the  velocity  of  motion  is  considerable, 
because  then  is  M  snhstance  perfnctly  uMlastie,  and  therefore,  after 
striking  the  obstsds^  the  wheel  will  rebound  backwatds  from  the  obstads 
with  a  velocity  proportionate  to  the  relation  between  the  forces  of  impact 
and  restitution  referable  to  the  elfisticities  of  the  wheel  and  the  material 
of  the  obstruction  ;  moreover,  the  obstacle  when  struck  will,  in  many 
cases,  slide  to  some  extent,  and  thereby  weaken  the  momentum. 

He  then  deals  with  the  traetiTe  effort  required  for  a  yieldiog  8iirfaoe» 
and  statsB  that  to  a  great  extent  resistaiice  to  rolling  is  due  to  a  continual 
displacement  of  a  portion  of  the  road  material  owing  to  its  inelasticityi 
which,  wliile  it  allows  tliat  material  to  exert  a  pressure  against  the  fore- 
part of  the  wheel,  will  not  permit  it  to  rise  behm<I,  and  thereby  propel  the 
wlieel  by  its  reaction.  Thus  the  draught  upon  u  soft  surface  is  much 
gi-eater  than  if  it  were  upon  a  hard,  unyielding  surface. 

He  then  dedvoes  a  foamula  for  the  draught  upon  soft  surfsossi  making 
two  assumptions :  first,  that  surfM  of  road  is  perfectly  inelaitic ;  and 
■eoondly,  that  the  resistanoe  to  compression  varies  simply  as  the  dept|i 
compressed. 

Using  the  same  notation  as  before,  except  that  /(  is  now  the  depth 
to  which  the  wheel  sinks,  the  formula  is 

^-A«.  tolled 

or  further  «  p   3  W    Length  fanmewed  ... 

8  ^Diameter  of  wh«sl      *      *  * 

imd  hcni^c  he  siiows  that  the  draught  varies  inversely  us  the  culje  root 
uf  the  square  of  the  size  of  the  wheel,  or  little  more  than  the  i&Tene  of 
the  height  of  the  wheel. 

fie  then  proseeds  to  prove  that  when  B  is  the  angle  U  bMha  of 
lelUng,  A  the  angle  of  fnction  for  the  surfaces  in  contact  at  tho  «lk| 
4  the  diamoler  of  the  akle»  and  2r  the  diansler  of  the  wheel 

sin  R-ftaii  A  ^ 

1  — siu  B  tan  A  ^  • 
3r 
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He  rehiarks  lliat  the  deducUoDS  of  M.  Morin  are  in  perfect  accoctUaee 
Irilh  tiie  previous  tiieoreticAl  investigations,  and  allndes  to  the  tfeeond 
Report  of  the  Select  Committee  of  the  HooBe  of  Lords  (1833)  npon  Tan« 

S'ke  Bead  Trusts^  where  Mr.  MacneUl  has  given  the  followmg  empiricd 
rmiila  I6r  the  dnnght  on  common  roads : — 

♦ 

where  W  is  the  weight  of  waggon,  in  is  llic  load,  V  the  velocity  in  feel 
per  second,  and  c  a  constant^  whioh  depends  on  the  surface  over  which 
the  waggon  is  drawn. 

Mr.  Macaeill  iWicertained  the  value  of  c  for  different  surfaces  » 
follows  :— 

e  =  2  for  a  limbor  surface. 
««s  2  for  u  puvcil  surface. 

5  for  a  well-made  broken  atone  road  in  a  dry  state* 
0ei  8  for  the  like  surface  covered  with  dust 
fat  10  for  the  Kamc  wet,  and  covered  with  inud. 
cs  13  for  a  gravel  or  flint  road  when  wet. 
0= 32  for  the  same,  fery  wet  and  covered  with  mod. 

Leahy  tlien  compares  the  theoretical  investigation  with  experiment, 
diowiiig  in  the  first  place  that  both  agree  that  springs  do  not  diminish 
the  draught  as  hen  the  motion  is  so  slow  as  to  permit  the  body  of  th'^ 
vehicle  to  be  elevated  and  depressed  just  as  much  as  the  axh-.  The  fact 
that  the  draught  over  an  even,  soft  surface  is  not  affected  by  the  vt  l  -  ity 
corresponds  with  the  experiments  of  M.  Morinj  but  is  at  variance  witb 
the  views  of  JMr.  MacneiJl. 

Bjr  eottation  (4)  he  dwws  that  oVflr  hard,  irregular  sarfiaoes  the  varis^ 
tion  of  tiie  dratight  is  as  'the  square  of  the  velocity,  and  remarks  that 
there  is  a  seeming  discrepancy  between  this  condnaion  and  the  results  of 
experiments  mack  under  apparently  analogous  hypotheses,  which  woold 
regulate  the  increments  of  traction  by  proportional  increments  of 
velocity. 

It  must  be  reniem leered,  however,  tliat  the  experiments  of  M.  Morin 
and  others  were  made  upon  roads  said  to  be  hard,  yet  not  so  in  fact,  ami 
with  elastic  niachines,  whereas  had  the  experiments  been  contlucted  upt»n 
a  perfectly  unyielding  surface  and  with  a  rigid  and  inelastic  machine 
there  is  no  doubt  that  the  draught  would  vary  as  the  square  of  the 
velocity,  and  theAfore  the  condosion  is  arrived  at  that  according  as  the 
machine  and  rough  roadway  approach  a  state  of  inelasticity  the  moie 
nearly  will  the  drau^dit  correspond  with  this  law  of  variation.  Bveiy 
road  presents  a  different  description  of  surface,  and  if  upon  one  the 
draught  was  not  at  all  affected  l)y  the  velocity,  or  varied  as  V**  owing  to 
its  softness  and  regularity,  and  upon  another  it  varied  as  owing  to  irs 
•  hardness  and  roughness,  surely  as  there  are  many  intermediate  descrip- 
tions of  surface  between  these  extremes,  so  also  must  the  draught  up<m 
them  vary,  as  some  intermediate  power,  between  0  and  2  of  the  velocitj. 
Therefore,  in  general,  the  resistance  to  rolling  must  vary  as  V",  in  whidi 
H  IS  the  constant  •suitable  to  each  particular  surface,  and  always  lying 
between  0  and  2  ;  and  any  accurate  empirical  expression  for  the  diiught 
upon  roads  must  have  V"  as  one  of  its  terms. 
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He  then  goes  ou  to  consider  the  uniformity  of  draught,  deducing  a 
formala 

P  a  W  006  a  (taa  B  +  tan  A  /,^)  +  W  sin  a 

for  the  drauglit  upon  an  acclivity  in  which  a  is  the  angle  of  ascent  antl  R 
the  angle  of  friction  of  rolling  com>sponding  to  any  description  of  surface. 
Comparing  this  last  equation  with  that  for  the  draught  upon  a  level 
road — 

Pas  W  (tan  R  +  tan  A  f )  nearly^ 

he  concludes  by  drawing  up  the  following  table  of  uniform  draught ;  ^ 

Tahlt  of  Vnifvrm  Draught, 
^  DciKrription  o(  8arf*ce  Rate  of  Indioation 

;  Ordioary  broken  stone  surface   Level 

ClOie  firm  stone  paving   1  in  48^ 

„  timber  paving   1  in  }l| 

1    n      It      trackway   1  in  :n  , 

«,  cat  stone  trackway   lin^l  i 

n  icon  tramvrmy   1  in  29 j 

H    n  laUway   1  ia  28|  | 


VII.  The  Work  o/  M.  C/iaric-Marminen. 

M.  Charie-MarsaineSy  inspector  of  roads  and  bridges,  being  struck  by 
Hie  instinctive  preference  of  the  farmers  in  the  department  Du  Noixl  for 
}avp(t  road,  unnprtook  a  series  of  i'xperiments  in  order  to  compare  paved 
aitd  iiiacidani  roads,  as  to  durability,  cost  of  maintenance,  and  the  maxi- 
mum load  <  apab]e  of  beinf^  supported. 

Below  are  the  results  of  his  experiments  : — 


Beftwa  Deiicription 
of  roads 


T     ,  J  Work  per  hour 

LoiUl         DiBtanrc  run  R*iio 

per  hov^         ,H:r  l.our  ),aognLm»tii%B 


1     Macadam  |        -HSl  ;;  (»si>  2.r.2I,(i8«)      f  * 


The  results  of  Chari^-Marsaines'  researchee  are  as  follows : — 

(i.)  The  wear  on  the  harness  is  less  oa  paved  than  on  macadam  roads. 

(ii.)  Tlir-  Avear  and  tear  on  the  vehicles  is  gi  eater. 

(iii.)  The  lasting  power  of  the  horse  is  much  less  on  macadam  roads. 
A  harness  lasts  ^ix  years  on  paved  roads  and  five  on  macadam*  A  vehicle 
^uts  seven  years  ou  paved  roads  and  nine  on  macadam. 

These  results  differ  very  little  from  those  given  i  y  Schwilgu^  in  his 
experimente  performed  In  1832  on  the  roads  between  Fans  and  Havre. 


^  J  .i^Lo  Google 


BEPoirr— 1902. 


VIII.  Experimenta  by  A.  Michelin 
SeHeB  qfFiae  TuU  made  ^  A.  MichtUn, 
General  data  for  five  aeries  of  testa  wero  as  follows  : — 


Diameter  of  Iron  wheels 

.,   pnrtimatic  wheeli  . 
Weight  ot  iron  wlieels        .  . 

„  pneomatic  wheels      .  „ 
„  brake,  empty,  iiOD  wheels 
n      H      *«     pneuiaatic  wheels 


I* 


front  0'9S  m. 

„   0  90  jn. 
„      58  kg. 
„      3D  kg. 


baekMSm. 

71  kg. 

56  kg. 
.  577  kg. 
.642  kg. 


♦» 

H 
II 


Unow  Trial  on  January  6,  18i)o. 

Iron  wheels 


Empty  oaniMge  (wtUkiog)  . 
Loaded    ^     160  kg. 

„  „  „  (trotting) . 
„        „     300  kg.  „ 


kff* 
16M 

17-83 
2800 
3M7 


PnemuiyeB 


kg. 

11-  47 

12-  71 
ld27 
17-96 


JIfiwI  TrkU  on  January  25, 1806. 


j     Iron  wheels 

PaeoiBsiirs 

kg. 

kg. 

Empty  caniago       (walking)  . 

>  • 

ir>()o 

10-50 

Loaded    „    160  kg.  , 

t  * 

1 7:v) 

12  4:{ 

N        »       n    (trotting)  . 

»  • 

19-55 

1297 

H        n    300  k^.    M  • 

23-08 

1416 

Fitt.  1.— Fir*t  Series  of  Trials  (Junimry  1895). 


1 


...^  iumn  — 
—  —  — 


iSecotifi  iSen'f's  of  Tests,  Auymt  1895. 

Tnsload  of  taking  the  same  running  ground  (as  on  tho  first  trials)  on 
the  various  d&y^  didbrent  surfaces  were  tried  under  the  aame  conditions 
of  dryness. 
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Aeenfefar  tkt  wkoie  of  the  Jhnu. 


I 


I 

—  I 
I 

I 


Rniptjotniage  .  .  I  Walking 
*ff         n         •      .  Trotting 

Hewrfly  loaded,  900  kg.  I  Walking 
„         „  „      I  Trotting 


Iron 

Pneumatic 

wheels 

wheels 

"kg. 



1742 

14  05 

20  41 

1595 

SO-76 

1614 

29-70 

'  1«'40 

If  tr;\rtinii  nf  pneumft- 
tic  -  loo  then  iron  » 


124 
128 
128*6 
181 


From  the  above  and  flg.  2  the  advantn^'e  of  the  piKuniutic  i;s  evidiiiit. 
It  is  coiibiderably  augmented  with  the  speed  aiid  the  load. 
Geneiml  average  obtiuned  for  all  roads,  at  all  speeds  and  loadings 


For  iron-s!i'  i<l  wheels 
pneumauc 


23  07  kg. 
15  63  kg. 


Hicbelin  fofond  tbat  even  upon  hard  and  smooth  around,  pnemnatio 
tjres  gaye  a  gtealer  economy,  amounting  to  about  one-tnird. 


Fig.  8. ^Second  Serfes  of  Trials  (August  1895). 


Third  iSeries  of  TesU,  November  l&do. 

More  variety  in  the  nature  of  tlie  roads. 
Diree  trials  over  each  kind  of  road  : — 

(^1)  Total  length,  40  ui.  ;  gradient,  l  o  per  tent,  j  macadam,  fairly 
good,  less  sound  than  second  series. 

(B)  Total  length,  110  m. ;  good  regular  pavement ;  gradient,  1*2  per 
cent. 

(C)  Badly  paved,  irregular ;  gradient,  1*9  per  oent. ;  length,  50  m. 

(D)  Steep  gradient,  5*8  per  cent. ;  macadam,  in  good  condition ;  length, 
80  m 

{£)  Koad  through  vineyards  very  badly  maintained ;  length,  50  m. 
Experinrants  made  at  the  trot,  Ac. 

Now,  if  we  take  the  average  of  all  these  speeds  over  the  throe  Courses 
ii,  Bt  and  C,  we  havel 


ftfiPOBT— 1902. 


Em))ty  carriages  at  the 

trot  

HeaTily  loaded,  900  kg ,  > 

walking    .       .       .  ! 
Heavil  v  loaded,  3()0  kg.,  I 
at  tiio  trot .      .      .  ' 


Irtm  wheels 

20  »/ 
2210 


Pneninatica     |  Solid  ioffiinfete 


kg. 
15*46 

10-87 

20G5 


2007 
28-62 


Walking  a))d  trotCmg.  \ 

If  traction  pneumatics         »  100  . 

Then  traction  of  iron  wheels  -  129*4  I 

ThMStion  of  solid  nibber  „   -  182-8  ! 


'Trot tin  ff  olonr. 

Traction  for  pucuinatics  -  100 

„       „  iron  wheels  ■>  134't 

n  solid  robber  »  IS$% 


n 


Fiu.  a.—Tlrird  Series  of  Trials  (November  1895). 


MACAffAM 


6  m  COOP 


6sro0£r 


l-'iG.  4.— Third  Series  (^licsumc). 


20 
9 


eKfrrAr 
mnt§r 


/POM  MOa£A 

 A¥£4m. 
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Third  Sgria  ^  Jhiiit  ITewnber  MS, 


i  ^  '  i 

Bmp^CHTlacaifctlMtrat  Laiid,S0OlwH>tthairalk  Lo«d,SOOkgnattlMtnit 


Iron   ;  PnciiA.     Solid  i   Iroa  ,  Puew. 


I 


3lAca<i))ni,  fnlrly  ; 
gooil  oon<)ititin,  j 
•Ughtlj  tlnoip.  1 
Gra^lient,  l  A  \icr  . 
cent.   .      ,      ,  ) 

Cifuru  ft.  I 
Gooil  ri-|k'iilar 
nient,  dry   and  i 
ckfttu  Qndlent,  I 
1-2  per  cent. 

Courtr  C. 

Btveueot,  iiuty 
AlUer.  Gmli- 
ent,  1*9  Iter  cent. 

CoHl  fr  I). 

Mrica  Iiiiii  in 
ouii'li!  ion.  .  Inuli- 
eiit,  5  m  per  cent. 
(^urt*  K. 
^aaulHin,  baillr 
kept,  w)ieel  mt<^ 
UrwUeut,  ft  par 
cent*  •     •  • 


kg. 


kg. 


kg.    I  kg. 


kg. 


Solid 
kg. 


Iron  •  Pueus.  ,  Solid 


kg. 


I 


k«. 


kg. 


t4-39 


12-63  1  17-8U 


19-49 


S3-80 


18-89    18-68  (>> 


34S8 


47-73 


2216 


46-81 


22-13      3130    20-«0(V/  ti'QO 


29-92 


3613 


ss-ftft  ,  mo 


4948        —  — 


I 


The  results  of  these  tests  (shown  in  fig.  4)  only  go  to  confirm  the  two 
previous  spHps  of  tests,  aiul  markedly  show  the  worse  the  ground  the 
greater  the  economy  in  Tising  pneumatics.  Tests  were  not  taken  with  iron 
-wheels  over  Courses  D  and  ou  account  of  the  great  shocks  destroying 
the  instruments. 

Fourth  Serici  of  Testtf,  Jauuan/  1800, 

Tn  the  previous  experiments  enon  crept  into  tberesnltS|  but  this  aeries 

clears  them  away. 

The  normal  speed  was  about  10*5  km.  per  hour. 


Fourth  Series  of  Tettt. 


Spaeds  st  the  toot,  lO'SO  km.  per  hour. 


(A)  Pavement  tole-bly  re- f  Jf^ /"^jj^f   •  ; 

enlar.    Graaient   1*8 1     f  i  ^ 

slightly  stu  ky. 

**'  \  Hrd.  .Same  luud,  dried 

?yS5?int  ^"^^"'1    8lighUy  sticky. 
l-SperoeDt.  Isrd.  lani  mwi,  dried 

^C)  Good  re^jular pavement.  \  1st.  Dry 

Gradient  1-2  per  cent.  {  2ud.  We 
(D)  Bad  and  irregular  pave 

meot.   Gmdiaiit  1*9 

per  cent. 


;Tl8t.  Dr 
n  2nd. 


-et 
Dry 

ret 


Iron 

Solid 

kg. 

kg. 

^. 

19*4 

S6*9 

25*4 

29-6 

28*8 

2025 

27-2 

26*4 

20-6 

22-8 

24*8 

23*2 

317 

29*2 

22-4 

28-16 

27-5 

14-8 

18-2 

18-8 

1()1 

108 

21 

19  4 

29  1 

27-8 

22-2 

32-4 

297 
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If  we  take  100  as  the  power  necessary  to  draw  the  vehicle  with  pneQ« 
matic8»  then  we  get : — 


On  good  pavement  with  mud  slightly  sticky 

»»  i» 


all 


,  Pneumntics  ItX) 

.  Iron  whcela    =  13<J-7 

M        n        .  Solid  rabber  =  \W 

Upon  bad  pavement,  dry   I'ncum.vtic  a    =  100 

tt  n  »t   Iron  wheels    =  150 

«»  t«  M   Solid  rubber  =  143 

Good  ngnlar  pavement,  dx7     ....  Poeitmatiee   s  lOO 

MM  M         M        •       •       .       •  Iron  wheels     =  1S9 

i>       tt  n        It       ...      •  8oUd  lubber  117 

These  results  ag^n  show  the  great  advantage  of  pneumatic  tjres  in 


n 
n 


Fio.  5.— Fomth  Series  of  Triali  (Janoaiy  1896). 


Fio.  IS.— Foorth  Seriee  (JSImhn^. 


/>fi0Mf ...... 4iMW9f  ^.^fireim: 
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Fifth  StriM  qf  Tettt,  Fihrmry  1800. 

All  the  tests  hitherto  have  shown  that  the  eoonomy  of  pueumatic&  was 
more  apparent  at  the  trot  than  at  the  walk.  It  ean  eTen  be  said  that  the 
force  taken  by  the  pneumatic  increased  but  little  us  the  speed  went  up 
from  walking  to  trottiii<r,  whilst  that  absorbed  by  the  iron  pereeptibly 
increased  with  the  speed. 

Experiments  wort'  mado  on  a  good  regular  macadam  road  ;  lenf?tli 
100  m.,  gr.  I  J  per  cent.  Kuch  test  was  repeated  several  tinies  with  an 
empty  vehicle,  from  which  were  deduced  the  following  average  speeds : — 

For  pneomatics      .   4*900  km.  per  hours  walking  q>eed;  10*6  s  trotting; 

ir)12  =  quick  trot. 

Forinm  •     •     •  4*550  km.      hour  a>wslkingqp6ed;  lO'M-itfottiBg; 

1512sqaiok  trot. 


The  averages  of  the  forces  exerted  were  as  follows  : — 


>    Walking 

Trotting  ' 

Quick  trottiug 

1  For  pneumatics  . 
For  iron  wheels  , 

.  1       13-0  kg. 
13*8  kg. 

i:v5kff. 

17  0  kg.  \ 

18-6  kg. 
t2>l  kg. 

It  will  be  noticed  that  at  the  trot  and  quicic  trot  th«'  result.s  for  pnoii 
matics  are  the  same.    It  appears  then  that  whatever  the  j^peed  nia\  Ix' 
within  reasonable  limits,  the  force -absorbed  by  traction  varies  but  l  ittle 
upon  good  groimd  with  pneumatic  tyres* 

Then  the  ads  antage  of  the  pneumatic  over  the  iron  tyres  increases 
with  the  speeil.  If  we  take  100  as  the  pneamatic  traction,  we  obtain 
for  the  iron  traction  at  the  ordinary  trot  1*20  ;  at  quick  trot  1G4. 

The  following  conclusions  can  be  drawn  from  the  above  experi* 
ments  : — 

(i  )  The  solid  indiarubl>or  tyre  is  hettor  than  the  iinn  in  certain  eases, 
especially  if  the  road  Ije  sticky,  very  irregular,  or  cov«»red  with  snow,  ljut 
it  becomes  inferior  to  iron  if  the  surface  be  hard  and  smooth. 

(ii.)  Solid  l^ra  vastly  inferior  to  the  pneumatie. 

(iii.)  Pneumatic  50  per  cent  better  than  the  iron. 

Michelin  compared  his  experiments  with  those  of  General  Mot  in  Ity 
making  a  series  of  complementary  tests  with  iron  wheels  upon  good  dry 
pavement  as  much  like  the  oonditions  under  which  General  Mortn'^ 
experiments  were  performed  as  ponible,  with  results  as  follows : — 

Walking  =*  lU  U  kg. 
Trotting   -     8*8  kg 

These,  on  l>eini,'  compared  with  General  Morin's,  will  hv  found  in  every 
case  below  those  given  by  him  ;  tliis  is  owini;  evidently  to  the  better 
hanging  of  the  vehicle  and  the  better  dynamometer. 

Bat  Vt  we  compare  these  various  forces,  taking  for  example  100  as; 
the  force  of  traction  at  walking  pace,  we  arrive  at  the  foUowing 
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Force  calculated 
after  Marin 


l8t  Cftike. — Upon  uiac-  f  Walking 
aduni  in  good  condi-/  Trotting 
tion,  dusty  [  Quick  trotting 

2Dd  Case. — Good  dry  j  Walking 
pavement  \  Trotting 


Average  fore*  from 
abova  axperinienta 


100 
127 
162 
100 
151 


100 
1S8 

160 
100 
14G 


The  resalts  are  almost  identical  with  those  of  General  Morin. 


IX.  Extract  from  the  Report  of  Profenor  W,  C.  Unwin,  F,ft,S.,  on  the 
TnaU  of  Selfvwving  Vehidu  iU  iirmingham  made  before  the  £oyal 
AgrieuUural  Society,  1897. 

Some  experiments  were  made  on  the  competing  yehides  to  detennino 
the  Tehiele  friction. 

The  method  adopted  was  to  allow  the  cars  tO  ran  down  hill  by  gravity 
(tho  niotor  being  idle)  and  noting  the  speed  acquired  and  the  distance  in 
which  they  came  to  rest. 

The  cars,  fully  loaded,  were  taken  to  a  hill  on  the  road  beiwefu 
Bassett's  Pole  and  Bonehill.  This  portion  of  the  road  was  levelled  ati«l 
marked  out  in  100-foot  distances. 

The  total  weights  of  the  cars  and  loads  in  these  trials  were  the 
following : — 

Daimler   2  43  torn. 

l.atica.shire  649  „ 

Cbitiwick  G'57  «, 

Method  of  TviaU. — Each  car  was  brought  to  one  of  the  marked  dis- 
tances on  the  descending  gradient,  generally  the  pouit  300  feet  from  A,  but 

in  Trial  3  at  400  feet  from  A.  The  car  was  then  gently  started  from  rest 
and  allowed  to  descend  the  hill  by  gravity.  As  it  passed  over  the  200.fo<it 
lengtii  from  W  to  C  the  time  of  pa.ssage  wa.s  taken.  Tlic  tar  was  allowetl 
to  com©  to  rest,  stopping  generally  at  a  point  beyoml  (J,  but  in  two  trials 
a  little  short  of  0.  From  the  speed  over  the  base  B  0  one  measure  61  the 
friction  can  be  obtained.  The  mean  gradient  from  start  to  stop  is  another 
measure. 

Tho  following  formula  was  used  for  calcuktiog  the  friction  from  tlie 
speed  observations  : — 

s 

where  2240/  is  the  friction  of  the  car  reckoned  in  lb.  per  ton,  h  the 
fkll  in  feet  from  the  point  whrie  the  car  .started  to  the  middle  point  of 
the  base  BC,  and  «  the  distance  from  the  starting-point  to  the. middle 
point  of  B  C . 

1//  is  the  gradient  due  to  the  friction  ;  that  is,  the  greatest  gradient 
on  which  the  car  would  stand  without  moving,  or  if  put  in  motion  would 
run  without  acceleration. 

The  foUowing  table  gives  the  values  of  the  friction  calculated  from 
the  observations 
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of  ' 


Gravity  TriaU.    Speed  Obtervatims, 


s  «  i  ' 


f. 

Time 
oyer 


IS 


>;        t:  —  -  ! 


I 


51 

as 


I 

'  /. 

Fri<'tton 

«.r 

I  Telitclc 
\  in  lb. 
I  per  ton 


Onidfent 
corre- 

«|toii<liiiif 
to  frictiuu 


Mcau 


I 


I 


S  I 

•t 
3 


iteiai^  Motor  Comjjany,  LonioH. 


400 

4UU 


too 

2UU 


1(H) 

11-8 
U-4 


f  SWM) 

1  -nr. 


icrr 

lir77 


e*9it 

4-40 
7-M 


e8-9 
43-3 
64  4 


1  111  3>*  •  1 
1  iu  41    I ) 


LnneoAin  8Uam  Motor  Ikmpanyt  Zealand, 


7  S96 

9  :  40(1 
tt  i  4UU 


ICS 
2UU 


21-1 

IHO 
11-1 


nil 

1754 


1 


lf77 

16-77 

ie-77 


1 


M9 

4;u 


!»20 

83- 1 

C70 


1  ill  24 
1  in  '2f> 
1  in  27 
1  iu33 


i 


Stotm  (kurriofe  and  Waggom  Company ,  Ckismick, 


400 
4UU 


2rtii 


n-4 

161) 


13-89 
13-83 


16-77 
10-77 


3-00 

3-7e 


J»4 


1  tnit 


« > 


linn 


N<-m— Tn  l;  m  ?>  with  the  Daimler  car  the  entrlot  bat  UOt  the  Vewiilg  WM  tlitOOUDOOtClL    In  Run 

with  the  Lt  vlaiKl  cur  the  (.-ngine  tli!H!onncH-to<l. 


I  in  81 


It  will  be  seen  that  the  Daimler  car  had  tho  least  friction,  viz.,  /.th 
of  its  weight,  or  al  11).  per  ton.  Tho  Thornycroft  car  liad  a  friction  of 
th  of  its  weight,  or  nearly  78  lb.  per  ton.  The  Lcyland  car  had  a 
friction  of  2'.- th  of  its  weight,  or  nearly  86  lb.  per  ton.  With  the  engine 
disconnected  the  Daimler  ear  had  a  frietion  amounting  to  f\  of  its 
weight,  and  the  layUnd  ear  had  a  friction  amonnting  to  f'^nl  of  its 
weight,  or  67  lb.  per  ton. 

From  the  difficulty  of  getting  the  speed  quite  accurately,  and  also  to 
some  extent  because  the  method  of  calculation  is  approximfite,  probably 
the.se  results  are  not  quite  so  trustworthy  as  those  obtained  in  the  follow- 
ing manner,  in  which  the  friction  is  calculated  from  the  distance  from 
starting  to  stopping. 

Friction  calculated  from  distance  of  running  from  starting  to  stop* 
ping.  Let  s  be  the  total  distance  the  car  ran,  and  h  the  fall  of  level  in 
that  distance.  Then  h  's  is  the  gradient  due  to  friction,  and  corresponds 
to  i/^  in  the  previous  calculation. 

A  table  of  the  results  of  the  observations  calculated  in  this  way 
differed  only  slightly  from  the  previous  results. 

X.  JajMrufitffifo  by  Prqfii$8or  H,  S.  Jlele-Shaw,  F.R.S.^fir  ike  Soyal 
LaneaMre  AffricuUural  Society,  ld97. 

Professor  Hele-Shaw  made  a  number  of  experiments  for  the  above 
Society  at  their  show  held  at  Southport,  1897.  Among  other  results  he 
obtained  the  tractive  force  for  agricultural  waggons  and  carts,  on  turf  and 
roads. 

The  following  in  a  brief  summary  of  the  results  obtained  : — 
1902.  z 
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DinmcUr  Width 
in  indiM  '  in  tnehea 


Foro.Hind  Fore  Hind 


Weight 
of  Waggon 
or  Cart 
in  Ibt* 


Lqi^.   Tractive       Tractive  ^ 

10     Force  per     Fore*  f«r 
Iqh^  J  ion  of  JamA  ton  of  t^mi 
on  Turf      oa  HomI 


Agricultural  Waggun. 
•  ti 
n 

Agricultural  Cart 


tt 

tt 


H 
H 
tt 
«t 
W 
tf 


3U 

42 

4 

4 

2.142 

3  ' 

235 

148 

39 

42 

4 

4 

;  1.8% 

3  I 

277 

128 

37 

41 

4 

4 

1.813 

3 

289 

139 

36 

40 

4 

4 

1 ,752 

3 

227 

170 

65 

3 

;  1,281 

2ii9 

116 

60 

4t 

<  1,435 

I'll 

280 

147 

.  1.235 

I}, 
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111 

1,278 

H 
i| 

240 

58 

4 

1.330 

253 

IM) 

67 

1,379 

248     '  153 

5S 

'  1,148 

'  4 

235 

108 

XI.  InveitigatioM  of  Ira  0.  Baker,  M,Am,Soe.C,E,  (1902). 

The  resUtance  to  traction  of  a  vehicle  upon  the  road  conaiils  of  three 
independeat  elemente :  I.  Axle  friction  ;  II.  Rolling  reeutanoe ;  and 
in.  Grade  resistance.  Nothing  need  here  be  said  about  grade  reeist- 
ance,  since  it  is  perfectly  understood  that  it  ia  equal  to  20  Ih.  per  too 

for  1  per  cent,  of  grarlo. 

T.  Axle  fricfioii. — It  has  nothiiif^  to  do  w  itli  the  surfivce  of  the  ro,nl. 
The  coefficient  of  friction  varies  with  the  iiiatijrial  of  the  jouma)  and  it^ 
bearinc^,  and  with  the  lubricant.  It  is  nearly  iiuh  pendent  of  the 
velocity,  and  according  to  the  author's  experiments  seeuis  to  vary  hxvendf 
as  the  pressure. 

For  liffht  oantegea  when  loaded  the  ooeflteient  x  0020*  of  Ibe  aeifllil  on 

For  heavier   „  „       n  it  »  0  015'     „  ^ 

For  American  thimble  skein  waggon  *  0*012*  h- 

If  there  is  a  deficiency  of  lubricant,  these  fignres  arc  tw^o  to  six 
greater.  General  Morin's  value  for  axle  friction  was  0*065  ;  this  ditferenoe 
is  prob{il>ly  due  1o  tlie  better  mechanical  construction  of  the  pre-ent  day. 
The  tractive  force  required  to  overcome  the  axle  friction  is  about  o  to 
3.V  lb.  per  ton  of  the  weii;ht  on  the  axle  for  ordinary  waggons,  and  frocQ 
3 J  to  4ik  lb.  lor  waggons  with  medium -sized  wheels  and  axles. 

11.  lioLUng  re&utaitce. — The  resistance  of  a  wheel  to  rolling  is  doe  to 
the  yielding  or  indentation  of  the  road,  which  eavses  the  wheel  to  ha 
continually  olimbing  an  inolination.  The  resistance  ia  BMaaorsd  by  a 
horieontal  force  necessary  at  the  axle  to  lift  it  over  the  obstacle^  or  to  n>!l 
it  up  the  inclined  surface.  The  rolling  resistance  vanes  with  : — (a)  TW 
diameter  of  the  wlieel  ;  (h)  The  width  of  the  tyre  ;  (c)  The  .speed  ; 
(if)  The  presence  or  absence  of  springs  on  the  vehicle ;  («)  The  nature 
of  the  road  surface. 

(a)  The  ffifun^f'  /  t>fih»'  frh>  el.  —The  rolling  resistanec  varies  inversely  as- 
some  fiuiction  of  the  diameter  of  the  wheel,  since  the  larger  the  wheel  the 
greater'  the  force  required  to  pull  it  over  the  ohstaola 

The  results  of  the  experiments  are  showQ  in  Table  L,  data  aa  Colloirs  ? 

The  three  liaai  of  wheels  used :  (44"  in  froniand  66"  bhid  wheels)  >  80"  wbe^ 

„  H  H         (-^6"  in  front  and  40"  hind  wheels)  =  38"  wheels. 

„  „  C21"  in  front  and  2s"  hind  wheels)  ^  2(1"  wheija^ 

The  load  being  l'|  ton  of  2,000  lb.  per  ton  sod  with  tyres  6"  wide. 

>  The  above  figoxes  aasome  ROod  labiication.  < 
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concluded  that  the  trsistaircc  vtriM  UkvmtHf  at  the  fin^ 

power  of  the  diameter  of  the  wheel. 
Dujmit  that  it  varies  inversely  as  the  sqnare  root. 
Chirk  that  it  varies  inversely  as  the  cu)>e  root. 
Baker  that  it  varies  very  nearly  inverbcly      the  i»quarc  root  of 

the  mean  diameter. 

'(b)  Wi'Uh  of  tyres. — \i  the  wheel  cats  fnto  the  road,  the  traction  is 
therehy  increased  ;  but  fur  surfaces  where  there  is  litth'  or  no  indenUitioii 
t]:c  \^ndth  of  tyre  has  practically  no  effect  upon  tlio  traction  (see  Tables 
II.  and  III.) 

(c)  Efftci  of  speed. — ^The  rolling  resbtaace  incrottses  with  the  velocity 
owing  to  the  eflfect  of  the  shocks  or  ooncutrioos  produced  by  the  irregu- 
larities of  the  rood  surface.  It  requires  from  two  to  six  or  eight  times  as 
much  force  to  start  a  yehide  as  to  keep  it  in  motion  at  two  to  thi-ce  mih'S 
an  hour.  The  extra  force  required  is  due  to: — (1)  During  the  stop  the 
v  hicle  has  partly  sunk  into  the  road  ;  ('!)  Axle  friction  is  greater  at 
Girting  than  after  motion  h;us  begun ;  (3)  Energy  is  consumed  in 
accelerating  the  lo;id  (see  Tabh;  IV.) 

{d)  Effect  o/' itfn'iwjtf.  —  Springs  decreiise  the  tnicticin  by  decreasing  the 
eooeassioiis  due  to  the  irregularities  oi  the  ground,  and  are  therefore  uioro 
eflbetive  at  high  speeds  thiui  low,  and  on  rough  roads  than  on  smooth. 

(<)  Differtnt  road  mrfaceB, — ^The  tractive  force  was  obtained  by  a 
Baldwin  dynagraph.  The  instrument  consists  of  two  long  flat  springs 
frteed  together  at  their  ends,  and  having  their  centres  farther  apart  than 
their  ends.  One  end  of  the  apparatus  is  attached  to  the  waggon,  and 
the  other  to  the  team.  The  pull  of  the  team  causes  th*-  centres  of  the  flat 
springs  to  approach  each  other.  One  spring  supports  a  graduated  disc^ 
and  the  other  is  connected  to  an  index  arm  which  is  })ivoted  at  the  centre 
of  the  graduated  disc.  From  one  end  of  this  index  arm  tlie  pull  can  bo 
md  directly  from  the  graduation.  There  are  two  extra  index  arms,  ono 
to  indicate  the  maximam  power  developed,  and  the  other  to  indicate  a 
nngh  average.  The  end  of  the  index  arm,  opposite  the  graduated  arc, 
ncords  the  amount  of  traction  upon  a  strip  of  paper  which  is  wound  from 
one  cylinder  to  another  by  clockwork  («ee  Tables  V.  and  VI.) 

Tabli  h-^BfBet  9f  tk9  Si»  of  Wktek  on  TracHtm. 


Description  of  the  lioad  Surface 


Tractive  force,  lb.  per  (on 


Mwn  Dianialer  of  Front  ancl 


,  Macadam,  sliglitl y  worn,  clear  fair  ooDdition  . 
Gutel  road,  dry,  sand  1 "  (leep,  loose  stones 
M       „     up  grade  2*2  per  cent.,  ^"  wet  sand, 
frocen  below. 

Bmb  rosd,  dry  and  hard  

«       ,.     V  vticky  mud,  frorf-en  hard  below,  rough 
Timotbj  and  bluegrass  sod,  dry,  grass  cut  . 

n  u  n   wot,  sponfi^    .      .  , 

"cmficld  :  flat  culture;  across  rows,  dry 
\  Ploaghed  ground ;  not  naizowed,  dry,  cloddy  . 

Average  value  of  the  tractive  power  . 


ev  Wheels 

BO" 

96'' 

lit 

61 

70 

S{ 

IK) 

110 

12a 

13. 

173 

7  a 

TO  1 

101 

1  !•> 

182 

Uo 

17U  : 

178 

203 

281 

178 

201 

2B5 

252 

303 

374 

180 

148 

186  j 

310  REPORT— 1902. 

Table  IL^EJect  <if  the  Width  of  Tf/ret  {load  1  ion). 


•   Bcm's  ancf  to 
I  IVaciioa 
lb.  per  ton 


Deftcripiiou  of  the  Surfuco 

<  Wiaih  of  VyiM 


14" 

G" 

Broken  stone  road.—IInrcl,  8mootb»  no  dust,  no  loose  ttones, 

nearly  level. 

1^1 

na 

Gravel  tqbAb,— 

Hard  nod  smooth,  few  loose  btuncs,  size  of  black 
walnuts. 

I*  M 

Hard,  no  mts,  the  large  quantity  of  sand  pre- 
vented packing. 

289 

167 

ft  tt 

New  gravel,  not  oooBpaoty  dij  .... 

330 

260 

n  M 

Wet»  loose  sand,  1"  to      deep . 

246 

264 

Earth  loads. — 

Loam,  dry,  loof  e  dost,  2"  to  3"  deep  . 

80 

106 

n  •» 

n     „  hard,  no  dust,  no  mts,  nearly  level  . 

IVt 

M  »• 

n    stiff  mud,  drying  on  top,  spongy  below  . 

n  It 

n    mud  2^"  deep,  very  stidcy,  lirm  below 

oSv 

•t  M 

Clay,  sloppy  mud,  3"  to  4"  deep,  hard  below 

>»  (i 

„   dry  on  top  but  .^pongj'  below,  narrow  tyrca 
cot  in  6"  to  8". 

472 

422 

m  It 

„  diy  OB  top  bat  ^ongy  below    .  • 

818 

464 

(1  tt 

825 

861 

Mowing  land^Timothy  sod,  diy,  fiim,  smooth,  narrow  tjres 
cat  in  I". 

817 

229 

It  H 

Timothy  sod,  moist,  narrow  tyres  cot  in 

421 

306 

»•  W 

Soft  and  spongy,  gntas  and  stabble  8"  high ; 
narrow  tyres  cut  in  6". 

868 

327 

Pasture  land.- 

-Bluegrass  sod,  dry,  firm,  smooth  .... 

218 

156 

n  M 

„      „  soft,  narrow  tyres  oat  in  3" . 

420 

27$ 

It  tt 

„     „  narrow  tyres  cat  in  4"  . 

878 

436 

StabUe  lamt.- 

-Oom  stubble,  no  weeds,  nearly  dry  enough  to 

plough. 

681 

418 

it  n 

Com  stubble,  some  weeds  and  stalks, dry  enough 

to  plough. 

423 

3C2 

Corn  stubble  in  aulumu,  dry  and  fiim 

401 

256 

Ploughed  land. 

— I'reshly  ploughed,  but  not  harrowed,  suiface 
rough. 

510 

283 

1 

»»  »» 

Freshly  ploughed,  harrowed,  smooth  and  compact 

466 

323 

I 


^  lyui^L,^  1  y  Google 


ON  THE  BESISTANCE  OP  ROAD  VEHICLES  TO  THACTION.  341 


T41U.G  III.— Eject  of  the  Width  qf  Tyres  on  Traction, 


Df>srni>tiou  of  the 
Uoud  Surfivce 


Soil  .  .  .  . 
Koadii. — Earth  hard  , 

„  „  muddy 
Band.— Hard  . 

„      Deep  . 
Gravel 

Wood  bloek :  roond . 


Beustanoa  to  ttmeUoa  in  lb.  p«r  ton  <rf  S,000  lb. 

■ik"  ami  54" 


U"  and  id"  Wheels 
Tyre* 


Tyiea 


ir  and  40'' 


Tyre* 


It" 

4" 

1*" 

^  — 

ir' 

a"  1 



283 

239 

181» 

228  1 

108 

z 

= 

152 

152 

114 

114  . 

24» 

263 

304 

236 

254 

205 

228  : 

mo 

IGJ 

171 

1G4 

141 

1G8 

:j71 

351 

» 

98 

iTt 

83 

80 

f.»; 

7(»  1 

61 

49 

61 

70 

35 

46 

C4 

2<S 

38  1 

44"  Mid  64'' 


TjriM 


Table  Vf^—EJfeci  of  Speed  m  Tractive  For€§  (after  MoHh), 


DoscripUou  ol  the  Road  Surloco 


I  Bmiatanoe  totnotion  inlb.iwrtonof  9,000  lb.  ] 

Stage  Coach        |  Carriage  ' 


roa<l. 


*• 


'  Broken  stone    Good  condition,  dry, 

compact. 
Very  flrm,  large  stone 

visible. 
Uttlo  moist,  or  little 
dirty. 

Finn«  little  loft  mud  . 
Firm,  rats  and  moch 

mad. 

Portions    worn  oat, 

tliick  mud. 
Much  worn,  mud,  rats 

3"  deep. 
Very  bad,  rough,  mts 

4"  deep. 
Verj'  smooth,  D.arrow 

joints. 
Fair  condition,  dry 
Moist,  covered  with 
dirt. 


If 


Stone  block 
pavement. 
It 


Walk 

1 

!  Wallt 
Trot  J 

Trot 

Fast 
Trot 

42 

« 

SO 

41 

48 

49 

50 

75 

81 

58 

73 

81 

49 

76 

88 

48 

74 

88 

77 

9S 

100 

76 

91 

99 

96 

108 

117 

93 

108 

116 

112 

127 

184 

110 

126 

1S2 

140 

161 

IGU 

145 

1(M) 

1C8 

164 

180 

162 

202 

32 

48 

55 

HI 

4; 

54 

35 

52 

Gl 

34 

fii 

r,7 

35 

5G 

44 

60 

67 

• 

1 

t 
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Tablb  VL — Tractive  Metkianee  of  Level  Paoements, 


DeMripUon  of  PaTemeni 


I  lb. 

psip  ton  flf 


Asphalte. — Clean,  smooth,  no  cracks,  52°  Y  

M  »•  tt  t»  F.     ,       ,       ,       ,  , 

Brick.— 3"  x  9"  bricks  on  ooocrete,  comers  rounded,  sand  filler,  not  | 


t« 
tt 


t"  X  9"  biioka  oa  ooncrate,  Imt  aower  and  covered  with  < 

V  dust. 

3"  X  9"  bricks  on  concrete, but  cement  filler;  just  completed  , 
t^''  X  8"  brick  oaooBorete,  pitch  liller;  new 
S"  X  8"  brick  on  gfrnvel  end  oiaders;  land  filler,  oomers  ' 
not  round. 

2^"  X  8"  fatiok  on  tend  end  old  naoedem,  tar  llUer ;  new  . 
Onmite  bkMsk.— Smoothly  dressed  :\"  x  9"  blocks  on  concrete  Joints, 

^"  tar  filler  ;  not  worn. 
„  Smoothly  dressed,  on  concrete,  pitch  filler;  new  .  ! 

„  Ordinary  granite,  10  years*  wear    •      .      .      .  ' 

Macadam. — Granite  top,  no  dust,  no  intnl  ' 

Plank  road.— Oak  plank,  3"  x  12"  ;  nearly  new 

M         Sane  as  above,  after  wcm  down     In  many  places ;  ' 
clean. 

As  above,  covered  with  4"  fine  loose  dirt  .  . 
Steel  whedwagr.— •8''.  11^  lb.  ohanmd,  mi  8"  x  8"  pine,  on  macadam; 

covered  with  ^"  pou  fir  red  stone. 
Same  as  above,  scraped  clean  with  a  shovel 
„         „      covered  with  ^"  fine  doit  . 
Weed  blo6k.— Rectangular  block.-*,  3"  x  12",  considerably  worn 

Bound  cedar  block,  covered  with     silica  pea  p:ravcl . 
tt       N      tt         w        M    i"  crushed  gravel  . 
„       „      n    dean,  blocks  slightly  convex  on  top 
Bound  cedar  biock,  V  plank,  8"  sand,  clean,  not 
worn. 

Same-asabove,  dean,  slightly  worn  .     .     •  . 
n       n         n    Considerably  wom  . 


tt 
>t 


»t 
tt 


tt 

H 
«l 
tt 


It 
tt 


•t 

tt 


37 
70 

:u 

17 

81 

22 
24 
37 

86 

2tf 

80 
36 

18 

32 


40 
40 

19 
28 
36 
90 
00 
CS 
37 

61 
64 


8, 4  and  5  with  wheels  averaging       diameler,  the  ronauider  47". 


XIT.  Summary/  of  thf  Opinionti  oj  Various  Writers  on  the  Effects  on 
Traction  on  the  Level  o/  the  Independent  Elemente  (rf  Road  Meeietanee, 

Draetive  Force, 


Anttior- 


Diniuc'tcr 
ofWhMls 


Width 
of  lyrcs 


worth  i 


I 

Cor-  1833 


I  . 


CorioUs  — 


Direct- 
ly pro- 
p  o  r . 
t  tional 
to  tho 
itb 
power. 


Inve  rsply 
as  tlie 
cnbe  root 
of  tbe 
sqtuira 


Inreraely 
an  the 
iiqna  r  e 
root. 


Kitturu  of 
Tyrm 


I 


V«loeUj  Bpriofi 


~  Oq 


Ucteriora- 
tfoaoC 


tomsli 
•  in* 
'  orcaw  of 
I  '  effleleney  I 

1  hyonMhinl" 
ut  K-s  kiloa 
I  H  P  liour. 

Increases  Diiuin  ishcs  Pmpurtiumil 
.  Withk  oil     riMilit    to  load, 

'  )iaviug  ir-    wliltli  of 

n'Kiilarsur-  tyrf,  au<l 
ffioen.        ,  upeed. 

I    -    I    -    I  - 


^  lyui^L,^  1  y  Google 


.344 


BEPOKT — 1902. 


Author- 
ity 


MortB 


Date  :  Load 


18S7- 
IMS 


Dapult 


Piopor- 


DUmiter 
of  WheeU 


VmIm  in- 
vcndy 
tilt  ill 


rst 


Loahy  ,  1847 


Propor- 
tiouul. 


T:iri('>  Iii- 
vcrsclv  -iii 
tho  sciuiire 
rout. 


Propor- 
(  tioool. 


Invc  r  sely 
jfop  o  r  - 


Miohe- 
Un 


189C 


Wi.lth 
of  Tyna 


Nature  of 
Tyrei 


f 


Nearly  in- 

depcnilent 
for  tiiaco- 
<lani  and 
p  a  V  e  tl 
mailR  for 
sizen  above 
•08  m.  to 
•lum. 
On  «am> 
presslbU' 
roads,  such 
a.<  )(Ni>«> 
cunli,  smut, 
gmvelaikl 
newBUkCft- 
dsfn  trac- 
tion de- 

widtli  ill- 
crcwsep,  the 
pmportloii 

depaudiag 
on  thecon* 

dition  of 

tho  road. 
Im>1  e  p  e  u- 

deat. 


Velocity  Sprinci 


tkaof 


§ 
8. 

M 


'T  n  d  e  pen- 
dent on  HOft 
,  g  ro  n  n  d, 
I  »  iif  li  aK 
'  .«oil,  sand, 
dec.,  witlior 
I  wl  t  li  o  a  t 

Incrc  a  s  eg 
for  imvel 

I  or  iimi-a- 
ilauroadjt. 


No  effect  InTPrfdj 


on  toft 
K  r  o  n  n  d 
such  as  soil, 
■•lid,4o. 


proper- 
tionaJ  to 
dianj  ft  er 
Of 


I 


! 


I 


Inilepe  n- 
dent. 


I 
I 

Solid  rubber 
;  tjntobet.  I 
)  tor  tlum 
'  Iron  in  cer- 

t'S(K-r  1  ,i)lv 

if  the  road 

I  be  Btlcky, 
I  T«r/  it- 
,  nffvlar,  or 

I  0  o  V  e  r  e  d 
with  snow, 
but  it  U in- 
ferior to 
(ran  if  road 
bciiardand 


IndepelMlCBt 
1  on  mM»> 
dam  and 

•  n  00 1  h 
I  roads : 

^en  e  r  aliy 
increases  , 
on    paved  i 
roads. 
Indepen- 
,  dentonaoft 
'  mrteoaa. 
,VarioH  ns 
I  the  second 
I  power  on 
,  perfectly 
j  liarii  im'"- 
gularroada. 


DImiaUbea  '  _ 


roada. 

Very  Httle 
intliienoctni 
ui  A  c'iidan 
ruadi. 


I 


Uideas  at 
Tery  iknr 
!  speeda. 


Clark 

Baker  1903 


luTcrwly 
u«  cube 
root. 

Very  near- 
ly Invano* 
fy  aa  tha 

square 

rootuf  tlio 
moan  dia- 


.PnooinaUcs 
1  iOperccnt. 

better  than 
1  iron. 


A\;nn8t  in- 
dependent. 


Inoreases 
'  with. 


Dimlnisilnst, 
More  cffec- 
.  tiveat  hiph  i 
'  speeds  than 
at  low 
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Xm.  Description  and  Drntrlmjs  of  the  Ittw  Dynamomeh^r  made  for 
the  SrUiah  Auoeiatiofh  CommiUee  to  carry  on  the  Meeearchee* 

The  general  arrangement  of  the  new  dynamometer  made  for  the  Com- 
mittee to  carry  oat  the  researches  on  road  resistances  is  shown  in  Plate  III. 

The  apparatus  comprises  a  castor  frame,  AA,  in  which  can  be  mounted 

the  wheel,  B,  to  be  oxperimented  on,  a  system  of  levers,  CC,  for  transmitting 
to  a  small  plunger,  E,  the  pull  exerted  <»n  the  wheel,  and  a  recording 
presbure-gauge  for  registering  the  same,  together  with  a  recording  tacho- 
meter. 

Frame. — ^The  castor  frame  is  of  wrought  iron  and  is  reotanguhur  in 
shape.  Its  sides  are  ol  channel  iron,  4  inches  by  2  inches  by  \  inch,  and  are 
fastened  together  at  the  end  l)y  wronght-iron  plates,  ^  inch  thick  and 

5  inches  wide,  bolted  on  at  the  top  and  bottom.  The  total  length  of  tlie 
frame  is  6  feet,  and  as  the  end  plates  have  tliree  sets  of  holes  drilled  in 
them,  it  can  be  arranged  so  that  the  sides  are  10  inches,  14  inches,  or 
18  inches  apart,  to  suit  the  various  widths  of  wheels  to  be  experimented 
upon. 

Aaie  and  springs. — The  axle  of  the  experimental  wheel  is  mounted  on 
springs,  one  under  each  side  of  the  castor  frame.  The  springs  are  3  feet 
2  inches  centres,  and  each  consists  of  six  pLates  2\  inches  by  j",  inch. 
When  light  wheels  and  loads  are  ust  tl  these  springs  arc  reduced  to  a 
suitable  strength  by  the  removal  of  some  of  the  plates.  It  desired  the 
axie  can  be  mounted  on  the  frame  without  springs. 

Loading, — The  method  of  loading  the  frame  is  by  bolting  a  series  of 
28-lb.  cast-iron  weights  to  the  channeI>iron  sides.  These  weights  are 
each  2  inches  thick,  so  that  wli on  the  scroll  irons  for  the  springs  do  not 
iatei*fere,  lifty-two  or  so  can  bo  athxed,  thus  giving  a  load  of  13cwt., 
besides  the  weight  of  the  frame  and  wheel.  This  would  correspond  to  a 
load  of  about  3^  tons  on  a  four-wheeled  vehicle.  This  arrangement  of 
loading  enables  the  weight  to  be  varied  by  steps  of  56  lb.,- the  weights 
always  being  arranged  at  equal  distances  on  either  side  of  &e  centre,  so 
that  the  frame  will  never  bo  out  of  bahince. 

Attachment  of  framp  to  car, — This  frame  is  fixed  to  the  levers  which 
transmit  the  force  to  the  water  by  a  swivel  joint,  1),  so  that  it  is  quite 
free  to  vibrate  or  bounce  vertically  as  over  rough  ground  ;  and  it  can  also 
follow  the  car  freely  round  any  curve  without  in  any  way  affecting 
the  records,  but  it  is  held  so  that  the  experimental  wheel  is  always 
vertical. 

Levers. — The  system  of  lovers  is  so  arranged  that  tlio  frame  can  be 
raised  or  lowered  to  suit  any  diameter  of  wheel  or  any  angle  of  draught 
without  in  any  way  altering  the  leverage  of  the  mechonisiu.  They  may 
be  described  as  follows. 

A  pair  of  similar  bell*cnuik  levers  is  mounted  on  a  fulcrum  which  is 
capable  of  being  raised  or  lowered  in  a  vertical  slot  formed  in  a  steel 
casting  mounted  firndy  on  the  back  of  the  car.  The  distances  from  this 
fulcrum  to  the  ends  of  levers  jue  respectively  14  inches  and  i'S  inches, 
the  longer  arm  being  normally  vertical,  while  the  other  is  horizontal.  To 
the  shorter  arm  are  attached  two  parallel  vertical  steel  lods  whose  length 
is  capable  of  adjustment.  These  rods  serve  to  transmit  the  pull  on  the 
frame  to  one  end  of  a  small  horizontal  lever,  the  hydraulic  plunger  being 
at  its  other  extremity.  The  fulcrum  of  this  lever  may  be  moved  to  either 
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of  four  pofiitious  such  that  the  pressure  on  the  plunger  is  equal  to  one^ 
two^four,  or  eight  times  the  pull  exerted  on  the  castor  frame.  BjrJittviiig 
this  arrangement  it  is  possible  to  use  the  apparatus  through  a  verj  wide 
range  of  oxperiments,  say  for  tractive  efforts  of  from  5  to  500  lb. 

Plunger. — The  plunger  E,  which  is  2'6  inches  diameter,  presses  upon 
A  rubber  diaphragm  enckMing  a  space  filled  wiHi  water,  and  It  is  llie  pree- 
sure  exerted  on  thia  water  l£at  ia  antographically  reeorded.  Two  pipea 
are  oonneeted  to  the  water  space,  one  for  transmitting  the  pretMre  to  tlie 
gau«>e  (J  {Plat<»  V.),  the  other  ])eing  used  for  fillins^  the  system.  An  ordi- 
nary rubber  bulb  off  a  motor  horn  is  tilled  with  water  and  connected  to 
this  latter  pipe,  so  thai  when  the  bulb  is  squeezed  by  the  hand  the  water 
is  forced  through  the  system,  and  out  of  a  small  hole  in  the  end  of  the 
Bonrdon  tube.  By  this  means  all  tbe  air  is  expelled,  and  when  aare  that 
Sttch  is  the  ease  the  system  is  closed  and  the  water  retained. 

It f cording  apparatuB, — ^The  recording  apparatus  was  placed  in  tbe 
hands  of  Messrs.  Sehaffer  and  Budenburg,  Ltd.,  3Ianchest€r,  who  have 
turnetl  out  a  very  goixl  instrument.  This  apparatus  is  a  combined  re- 
cording pressure-gauge  G  and  tachometer  H  (Plates  IV.  and  V.)  mounted 
on  one  base  and  recording  on  the  same  horizontal  drum  K,  which  oarriea 
A  band  of  paper,  LL^  inches  wide,  the  graph  of  ttaetive  ellbrt-space 
beii^  at  one  side  of  the  paper,  while  that  of  velocity-space  is  at  the  other 
side.  This  drum  is  drivnn  off  the  tachometer  !?pindle,  and  its  motion 
therefore  is  in  ncc  ordance  with  the  motion  of  the  car,  a  length  of  10*3  feet 
of  the  paper  corresponding  to  a  mile  of  road.  The  makers  have  worked 
out  a  very  neat  parallel  motion,  so  that  the  ordinates  of  both  graphs  are 
stn^riit. 

The  instrument  is  mounted  in  a  rain-proof  glass  caae,  supported  on  A 
pneumatic  cushion,  X  (Plate  III.),  the  drive  to  the  drum  and  tachometer 
being  through  a  flexible  shaft.  This  arrangement  has  worked  very  well, 
fairly  steady  cur\  e.s  being  obtained  even  over  rough  roads  at  high  speeds. 
Stops  are  provided  to  prevent  too  great  a  movement  of  the  levMV,  thus 
ensaring  against  undue  shodcs  on  the  gauge. 

li  found  neoeMHfy  an  arrangement  can  be  attached  Cor  mafldng  seconds 
on  the  paper. 

A  Involution  counter  is  pr<ivide<l  for  obtaining  independently  the 
revolutions  of  tbe  expeiimeutal  wheel ;  this  will  act  as  a  check  on  the 
reconl. 

XIV.  Jfature  and  Scope  lif  the  Rtperiments  hy  the  Committee* 

Experiments  will  be  conducted  to  determine  the  relation  between  the 
tractive  effort  and  the  following',  viz.,  load,  diameter  of  wheel,  width  and 

section  of  tyre,  hniilness  of  tyre  (in  the  case  of  pneumatics),  effect  of 
springs,  and  velocity  for  every  type  of  road  under  all  circumstances,  and 
any  other  relations  that  may  be  suggested  during  the  progress  of  tbu 
work. 

In  performing  an  experiment  a  given  type  of  wheel  is  mounted 

in  the  frame  and  a  run  made  over  a  piece  of  road  of  the  desired  type. 

Since  the  two  graphs  are  side  by  side  the  relation  between  tractive 
force  and  velocity  can  be  seen  at  every  point  of  the  run,  and  from  thoj?e 
portions  of  the  graph  where  the  velocity  is  constant  and  of  the  required 
value,  a  mean  tractive  etfort  can  be  obtained.  After  a  number  of  ex- 
periments have  been  performed,  curves  can  be  plotted  wad  empirical 
formttto  deduced  lor  the  various  relations, 
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The  relative  value  of  the  varioas  roads  are  being  compared  hj  taking 
▼iagrams  by  tteani  of  a  tpeeial  inttnUDent^  the  viagrapb,  kindly  lent  by 
mw  inventor,  Mr.  J.  Brown,  F.R.8.,  o(  Bellut 

XV.        Work  of  tha  Commiiiee  pnatnUd  at  the  Meeting. 

After  a  good  deal  of  delay,  due  to  various  causes,  the  dynamometer 
was  at  length  completed  about  Avgntt  20.   It  waa  then  oalibmted  in  the 

following  manner.  The  car  and  dyn<amometer  were  placed  on  a  smooth 
horizontal  Hoor  with  a  40-inch  lurry- wheel  mounted  in  the  frame.  The 
car  itself  was  prevent*^d  from  moving  backwarrls,  and  a  given  load  was 
attached  to  a  wire  fixed  to  the  wheel  at  the  top  and  passing  over  the  tyre, 
80  that  it  hung  vertically,  thus  tending  to  pull  the  frame  away  from  the 
car.  After  a  load  wat  applied  the  apparatus  was  shaken  to  {wevent  it 
iNNn  seeking  in  any  way,  the  paper  meanwhile  boing  nntfbrmly  moved 
until  the  penoU  of  the  pressure-giange  had  moved  to  its  position  of  equili- 
l»ri\nn.  This  was  done  with  every  reading.  When  the  leverage  of  H  to  1 
was  l>eing  calibrated,  increments  of  2  1b.  were  u.^ed  in  almost  every  cage 
from  0  to  a  total  of  82  lb.  For  the  4-to-l  leverage  increments  of  14  lb. 
were  taken,  after  14  lb.  had  Ijeen  reached,  the  highest  reading  being 
168  Ik,  tiie  2-to>l  leverage  had  increments  of  14  lb.,  the  highest  being 
280  lb.,  while  tlie  1 -to*  1  leverage  had  increments  of  28  lb.  op  to  a  total 
of  530  lb.  Calibration  curves  were  drawn  for  each  lovemge,  and  scales 
were  drawn  from  these  curves.  Nine  large  wall-diagrams  have  been 
prepureii  for  the  meeting,  the  first  being  the  calibration  curve  for  the 
dynamometer  when  the  4-to-l  leverage  was  in  use. 

The  tachometer  was  calibrated  by  driving  it  with  an  electric  motor. 
The  exact  time  of  three  revolations  of  the  drum  was  taken  by  means  of  a 
stop-watch  for  readings  of  10,  15,  20,  25,  and  30  miles  per  hour  on  the 
scale  (three  revolutions  of  the  drum  correspond  to  31-')  revohitiona  of  tacho- 
meter spindle).  The  mean  diameter  of  the  back  wliocls  of  the  car  was 
taken  as  842  mm.  when  the  car  was  normally  loaded  and  tyres  normally 
inflated ;  the  diameter  of  pulley  on  back  axle  is  225  mm. ;  diameter  of 
tachometer  pulley  75  mm.  Working  out  the  speed  from  these  data,  the 
caHbeation  curve  shown  on  wall-diagram  No.  2  was  obtained,  thus  show- 
ing that  the  scale  readings  are  reliable.  It  might  be  argued  that  if  the 
driving  wheels  of  the  car  slipped  on  the  road,  the  tachometer  if?  really 
reading  higher  than  it  ought  to  do  :  but  as  readings  are  only  used  for 
which  the  velocity  is  constant  very  little  slip  may  be  expected ;  and  since 
it  is  not  impossible  for  tiie  driving  belt  of  the  tachometer  to  slip,  thuft  giving 
too  low  a  reading,  it  is  not  too  much  to  assume  that  these  errors  will 
balance  each  other  to  some  extent. 

The  method  of  operating  the  dynamometer  and  performing  n.  trial 
is  a.s  follows  : — The  castor  frame  is  pushed  towards  the  car,  so  that  the 
ram  is  as  far  out  of  the  cylinder  as  possible  ;  the  bulb,  having  been 
previously  filled  with  water,  is  squeezed  by  the  hand,  so  that  the  water 
is  forced  through  the  cylinder,  through  the  connecting  tubing,  and  out 
through  the  opening  in  the  end  of  the  tube  of  the  pressure-gauge.  This 
method  of  tilling  ensures  the  removal  of  all  air.  AVhen  all  the  air  has 
been  removed  the  cocks  at  each  end  of  the  system  are  closed.  The  stops 
have  now  to  be  adjusted  so  that  the  maximum  pressure  of  the  water 
cannot  exceed  100  lb.  per  square  inch,  or  else  the  gauge  might  be 
destroyed.  After  tiie  adjustments  are  salasfaetory  ft  nm  is  made  to 
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some  definite  point  over  a  given  piece  of  road  whoae  snr&oe  is  of  tiit 
desired  typs^  a  retnm  run  being  made  over  the  same  road  back  to  th» 

starting-point.     By  taking  the  mean  vmIups  for  the  double  journey, 
out  and  return,  the  effect  of  inclines  is  eliminated.    The  load  is  xhen 
increased  and  the  route  traversed  a.train,  and  so  on.    For  the  first  few 
experiments  for  a  given  load  the  speed  was  given  a  succession  of  valats 
ranging  from  G  to   1 4  miles  an  hour,  all  in  the  outward  run.  Just 
remaining  constant  at  each  speed  for  a  sufficient  distance  to  give  a 
definite  reading  on  the  paper,  and  during  the  return  journey  the  speeds 
were  gone  through  in  the  reverse  order,  so  that  as  near,  as  posnfalstiie 
same  piece  of  rcwd  was  traversed  at  the  same  pace  in  each  dirssiion, 
this  procedure  being  repeated  for  each  load.    This  was  not  fonnd  vsij 
satisfoctory  on  the  whole,  so  that  for  the  succeeding  experiments  a  givea 
space  was  covered  both  on  the  outward  and  return  journeys  at  a  detinit^ 
speed.    The  same  journey  was  then  traversed  under  a  higher  constani 
speed,  and  so  on,  until  sufficient  readings  had  been  obtained  to  give  a 
curve.    This  process  was  gone  through  for  each  load.     This  method, 
although  slower  than  that  tried  at  Urst,  was  found  to  give  much  more 
satisfsctoiy  results.    As  the  dynamometer  has  only  been  completed 
such  a  short  time,  the  trials  are  as  yet  only  preliminary ;  the  general 
results,  however,  tend  to  confirm  those  of  previous  investigators.  The 
diagrams  to  be  shown  at  the  meeting  have  not  been  reproduced  here,  it  being 
thought  unnecessary,  as  they  will  have  to  bo  all  reproduced  in  the  next 
report,  by  whicli  time  tlie  striking  results  brought  out  by  tlieni,  if  duly 
confirmed,  will  by  repeated  experiment  have  been  placed  beyond  que&uon. 

The  first  experiment  was  conducted  near  Sefton  with  an  ordinary 
light  lurry  wheel,  40  inches  diameter,  having  a  3- inch  iron  tyi'e,  slightly 
rounded  in  section.  Tliis  wheel  was  kindly  lent  by  Messrs.  X.  Colebum 
it  Son,  Cherry  Lane,  Walton,  who  have  also  promised  to  lend  difierent 
sizes  of  wheels  of  a  similar  type  for  the  experiments. 

The  wheel  was  mounted  on  a  pair  of  springs,  3  feet  2  inches  centre^ 
each  having  six  plate.s  2{  inches  by  {'^  incm.  Three  diflferent  runs  were 
made  with  loads  of  3^,  5^,  and  8^  cwt  respectively,  with  velocities 
ranging  from  6  to  14  miles  per  hour.  The  results  obtained,  however* 
were  not  very  satisfactory. 

The  second  series  of  experiments  were  made  with  the  same  wheel 
and  springs  as  were  used  in  the  first  senos,  vi/.,  light  lurry  whe^el, 
•10  inches  diameter,  having  .'i-inch  tyre  slightly  rounded  in  section,  the 
springs  each  consisting  of  six  plates  2}  inches  by  inch.  The  route  was  :i 
portion  of  Regent  lioad,  Uootle,  which  runs  parallel  to  the  line  of  dotka, 
and  is  quite  level.  It  is  paved  with  setts,  6  inches  by  3  inches  with  a 
1-inch  gap,  and  has  a  regular  but  fairly  rough  surface.  Two  runs  were 
made  with  loads  of  6  ana  8|  cwt.  respectively,  at  speeds  of  from  5  to  14 
miles  per  hour. 

A  wall-diagram  will  be  exhibited  showing  the  results  of  the  series  of 
experiments.  For  both  loads  the  tractive  effort  increased  rapidly  with 
the  velocity,  nnrl  at  the  same  time  w;is  fairly  proportional  to  the  load. 
A  diagram  sliowtd  the  results  plotted  as  tractive  effort  per  ton. 

The  third  series  of  experiments  were  made  with  a  pneumatic-tyri-d 
wheel  24  inches  diameter,  2jJ  inches  tyre.  The  springs,  3  feet  2  inches 
centres,  each  consisted  of  two  plates  2|  inches  by     inch.   This  trial 


Flo.  1. — General  view  of  Dynamoiueter,  with  40-in.  lurry  wheel  in  frame. 


Fio.  2. — General  view  of  Dynamometer,  with  observer  in  position. 
I'neuumtic-tyrc  wheel  in  frame. 


Fio.  .S.— Dynamometer.    End  view  from  back. 
Illustrating  the  Report  on  the  Resistance  of  Road  Vehicles  to  TraciuwtiC ^(Hic^le 
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was  made  on  September  5  on  a  level  stretch  of  macadam  road  passing 
through  Ince  Woods,  near  Sefton.    The  surface  iras  in  fairly  good 

condition,  slightly  wet  in  places. 

With  these  series  of  experiments  a  run  was  made  with  a  given  load 
nt  a  constant  speed  to  a  spot  about  ^  mile  from  the  starting  jioint.  The 
return  run  waa  made  at  the  same  speed.  With  the  tiamu  loatl  a  liiglier 
speed  was  then  taken,  and  so  on,  so  that  for  each  load  readings  were 
taken  at  abont  6^,  8, 10,  and  14  miles  per  hour.  This  method  of  pro- 
cedure was  followed  for  each  load  carried.  The  leverage  used  was  4  to  1, 
and  the  loads  were  respectively  'M  ^\  427,  539,  and  051  lb. 

Wall-diagram  No.  5  showed  tiie  tractive-eHorl-veI(»city  curves  for  each 
load.  It  was  noted  that  the  tractive  etlbrt  was  directly  proportional  to 
the  load,  but  increased  very  slightly  with  the  velocity.  This  was  what 
was  obscorved  by  M.  Michelin  in  his  experiments. 

Wall-diagram  No.  6  showed  a  curve  plotted  between  tractive  effort 
and  load  for  the  above.  It  being  a  straight  line  showed  that  the  tractive 
effort  was  directly  proportional  to  the  load. 

Wull -diagram  Ko.  7  gave  the  four  curves  of  diagram  No.  5  plotted 
as  tractive  etlbrt  per  ton. 

A  specimen  of  the  graph  was  reproduced  on  a  lai^  scale  as  a  wall- 
diagram  to  show  the  nature  of  the  curve  obtained.  In  the  experiments 
which  have  been  made  as  yet,  only  level  roads  have  been  tried  ;  and  it 
was  not  possible  on  a  level  road,  drajrging  the  wheels  behind,  to  experi- 
ment satisfactorily  with  speeds  of  more  than  \b  miles  per  hour  with  the 
present  car.  For  higher  readings  than  this  experiments  will  be  con- 
ducted on  an  incline  of  such  a  gradient  that  a  positive  reading  is 
recorded  on  the  dynamometer,  so  that  to  find  the  puU  on  the  wheel  for 
the  velocity  it  is  only  necessary  to  add  to  the  registered  pull  the  com- 
ponent of  gravity  parallel  to  the  surface  in  question.  By  this  means  it 
will  be  possible  to  reach  speeds  up  to  30  miles  per  hour. 

Bekaviow  of  Apparatut. 

The  behaviour  of  the  apparatus  is  on  the  whole  very  satisfactory. 
Hie  experimental  wheel  runs  very  steadily  bebind  the  car,  even  with 
heavy  loads  at  high  speeds.  The  lurry  wheel,  however,  runs  bettor  on 
setts  than  on  macadam,  a.s  it  oscillates  sideways  somewhat  when  passing 

over  the  latter  at  a  lii;4li  spn  d.  The  pnoumatic-tyred  wheel  runs  exceed- 
iogly  steady  over  all  roads  at  all  speeds. 

The  pneumatic  cushion  answers  very  well.  It  allows  the  in.strument 
to  swing  gently  from  side  to  side  in  place  of  being  subject  to  the  violent 
vitnration  set  up  by  the  shaking  of  the  car,  due  l^th  to  the  engines  and 
to  rough  roads. 

The  results  just  given  were  all  it  was  possible  to  obtain  during  the  short 
time  before  the  meeting  that  the  apparatus  has  boen  available,  but  it  is 
hoped  that  durinf;  tho  ensuing  year  reliable  and  valuable  results  may  bo 
obtained,  although,  of  course,  to  get  a  complete  series  of  results  utider 
all  conditions  must  necessariJy  involve  an  immense  amount  of  time  and 
labour,  as  with  so  many  variable  quantities  the  changes  could  be  rung  on 
them  ad  infinitum. 

Plate  VI,  (figs.  1,2,  and  3)  shows  photographs  of  the  dynamometor  ready 
for  use,  Plato  YU.  (ligs.  1  and  2)  views  of  the  recording  instrument.  • 
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Stiiall  Scrc'i'  (untiji'. — Tteport  of  the  Commiffre.  roiu^Uh/nj  of  Sir 
W.  H.  Pkefxe  (Clininnan),  W.  A.  Viuck  (S<r,;-hinf),  Ivord  KkL- 
viN,  Sir  F.  J.  Bha.mWlll,  Sir  11.  Thueman  Wood,  Major-Gen. 
Webber,  Col.  Watkin,  Lieut.-Col.  CHoiiPtos,  A.  Sthuh,  A.  Lk 
Kevb  Fo8T]fiB«  G.  J.  Hewitt,  G.  K.  B.  Elpuinsions,  £.  bioG, 
G.  V.  Boys,  J.  Mabbhall  Gobham,  0.  P.  GLBUifiBPiB,  W.  Tatlob, 
Dr.  R.  T.  Glazebbook,  and  Mamk  Babb^  appaiiUed  io  ammdtr 
mean*  hy  which  PraeUcal  Efed  ea/n  be  tjiven  to  tiU  iaUndnteiion  of 
th$  Screw  Qauije  jtropoeed  by  (he  AseoeiaHon  in  1884. 

The  Conuiiittec  have  rcreivcil  during  the  past  year  further  evidence  9i» 
the  subject  oi  the  sninll  Hcrcw  gauge. 

Mr.  Mark  Bwrr  ham  been  elected  a  member  of  the  Oonmittee. 

The  principal  institutions  ol  the  engioeeriDg  profenton,  viz. — 

The  Instituiioii  of  Civil  Knginecrs  ; 
The  Institution  of  Mechant^  Engineers  ; 
The  Iron  and  Steel  Institute  ; 
The  Institute  of  Naval  Archilects  ;  and 
The  Institution  ot  Electrical  Engineers — 

have  formed  a  strong  and  important  committee  to  consider  the  whole 

Question  of  standardisation  of  enLrincering  inHterials»  tools,  and machinerj. 
t  is  bein^  fnvoiirably  snpportod  liy  tlif  (Jovernnipnt.  Tlio  question  of 
screws  must  natumlly  come  before  them.  The  Conimittee  proposn  to 
submit  evidence  to  that  committee  of  the  work  they  have  clone,  and  they 
oak  for  reappointment  for  the  ensuing  year,  with  a  grant  of  5/.  to  cover 
posting  and  clerical  work. 


Anlltropcmelric  hiresii>jaiions  amonfj  the  Nat  ire  Trooi^s  of  tlir  K'jui'iiai^ 
Annfi. — Inii^nm  Urport  of  the  Comiiiiffee,  conmfifhuj  of  l-*rofe3Sor 
A.  Macali.stek  (('ludnmrn).  Dr.  C.  S.  MvKRa  (jSecretary),  Sir 
John  Kva^s,  and  rroiesaor  i).  J .  Cunki^quam. 

Thb  Gommittee  have  to  report  that  owing  to  the  pressure  of  other  woilc 
since  his  return  to  EngUwd  Dr.  Myers  has  not  yet  been  able  to  summarise 
the  results  <>f  the  anthropometric  work  in  Egypt  and  in  the  Soudan  upon 
which  he  w;is  engaged  last  wint*?r.  In  tlu'  present  statement  only  a  brief 
description  has  been  given  of  the  material  whicli  he  has  collected  and  of 
the  means  by  whieh  it  was  obtained.  The  expenses  of  the  research  were 
in  part  demyed  bj  the  Government  Grant  Gommittee  of  the  Boyal 
Society  and  by  the  British  Association  for  the  Advancement  of  Science. 
The  best  tlianks;  of  tfie  Committee  are  duo  to  the  Sirdar  of  the  Egyptian 
Amy,  Sir  t\  li.  W  iugat**,  K.C.B.,  »fec.,  and  to  many  of  his  olficers  for 
their  great  interest  and  their  unfailing  assistance  to  Dr.  Myers  in  his  work. 

The  investigations  were  confined  to  the  privates  and  non-commissioned 
oflioers  of  the  Egyptian  Army.  By  the  kind  permisnon  of  the  Sirdar, 
Dr.  Myers  examined  1,005  men  in  the  Egyptian  battaHoa  qitartsred  at 
Gairo^  and  189  men  in  the  Soudanese  battalions  at  Khartoum  and 
Omdurmao.   The  following  measurements  were  taken  : — 
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Height  (1)  ttitting,  (2)  standing,  (3)  kneeling  ;  height  above  the  ground 
of  (4)  ear-hole,  (5)  chin,  (H)  at  romion,  (7)  elbow,  (8)  wrist,  (9)  trochanter, 
(10)  knee,  and  (11)  ankle  ;  niaximum  (12)  breadth  and  (13)  len|?th  of 
head  ;  (14)  upper  and  (15)  total  lenj^th  of  face  j  (16)  bimalar,  (17)  bi- 
Bygoniiatic,  (18)  faiaiiricttkr,  and  (ID)  bigonial  braadih  ;  (20)  ^Hdth  of 
month  ;  (21)  minimum  6«ntel  bmdih ;  (22)  extenuJ  biorbital,  (23) 
external  biocular,  and  (24)  internal  biocular  breadth.  Nasal  (2r))  breadth 
and  (26)  length  ;  (27)  orbito  nasal  and  (2S)  biauricular  arcs  ;  (29)  hori- 
zontal circumference  of  head  ;  length  of  radius  from  the  ear-hole  to  the 
(dO)  vertex,  (31)  forehead,  (32)  noi»e-root,  (33)  upper  incisors,  (34)  chin, 
and  (35)  occiput ;  (36)  biacromial  and  (37)  bitrochanterio  breadth.  Cir- 
cvmiBreBoe  of  ofaait  daring  (38)  expiration  and  (39)  inspiration ;  (40) 
maximum  and  (41)  ininimnro  oironrnference  of  calf ;  (42)  maximum  and 
(43)  uiinimura  circumfcrpnco  of  arm  ;  (44)  span  of  arms.  About  sixteen 
of  these  measurements  were  made  on  eacli  individual.  In  all  more  than 
aeventeen  thousand  meaiiurements  were  collected. 

Dr.  Myers  took  photographs  of  170  Eiryptiaii  and  31  Soudanese 
soldiers  Imre  to  the  waist;  two  photographs,  one  full  face,  the  other 
profile,  were  taken  of  each  individual.  Care  was  taken  that  the  heads 
should  preserve  a  constant  distance  from  the  camera ;  in  this  way  be  lias 
obtained  resiilta  whieh  may  be  of  use  for  composite  portraiture. 

The  ooloar  of  the  skin  and  eyes,  the  oolonr  and  texture  of  the  hair» 
were  always  noted.  He  also  made  numerous  observations  on  the  relative 
degrees  of  development  of  the  helix,  antihelix,  traj^uf;,  lobe,  tl-c,  of  the 
Egyptian  and  Soudanese  car.  He  recorded  the  general  shape  of  the  face, 
and  of  the  head  when  viewed  from  above,  from  behind,  and  from  the  side  ; 
alio  of  the  lips,  nostrils,  nose,  and  eyes.  He  has  made  copies  and  a  few 
photographs  of  the  tattoo-marks  on  the  arms  and  foreheads  of  the  Egyp- 
tian  soldiers  and  of  the  scarifications  on  the  faces  of  the  Soudanese.  In 
each  case  he  has  carefully  noted  the  villa;L,'e,  district,  and  tribe  to  which 
the  individual  under  examination  and  his  parents  belonged. 

In  Egypt  Dr.  Myers  examined  27  men  whose  parents  were  born  in  the 
province  ot  Qaliubia,  22  in  that  of  Sharqia,  120  in  that  of  Daqahlia,  138 
In  that  of  Oharbia,  118  in  that  of  Menofia,  61  in  that  of  Beheira,  66  in 
that  of  Gizii,  41  in  that  of  Fayura,  31  in  that  of  Beni-Suef,  42  in  that  of 
Minia,  89  in  that  of  Assiut,  103  in  that  of  Girga,  60  in  that  of  Qena,  and 
3  in  that  of  Assuan.  These  included  44  Copts  :  the  remainder  were 
Mahommedans.  Eight  others  came  from  Alexandria.  Seventy-seven 
were  of  mixed  origin,  having  Soudanese,  Bedawi,  or  Turkish  blood,  or 
being  the  ofispring  of  parents  who  came  from  diflbrent  proWncea  of 

In  the  8oadan  he  had  the  opportunity  of  measuring  .soldiers  drawn 
from  a  very  wide  region  of  Africa,  extendini,'  westwards  as  far  as  Bornu 
and  Baia,  and  southwards  to  1  Luanda.  The  greater  nuniber  belonged  to 
Kordofan,  to  Dar  fur,  Dar-uuba,  or  Dar-fertit,  or  to  the  Shilluk  or 
Dinka  tribes.  Many  had  never  known  the  names  of  their  parents*  tribes. 
Others  came  from  the  districts  of  Bagirmi,  Dar-runga,  Banda,  Bongo, 
Bornn,  Berta,  or  belonged  to  the  Niam-niam,  Kuer,  Hamegawi,  Digawi 
tribes,  &c.  A  few  '  Arabs '  of  the  Soudan  aifd  eastern  desert  were  also 
measured. 

It  remains  to  be  seen  how  far  the  photoprraphic,  descriptive,  and  anthm- 

Sometric  data  thus  amassed  will  prove  of  use  for  determining  whetlier 
efinitedifferaiioeB  of  type  exist  among  the  Egyptians  from  yarious  regions 
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of  the  Nile  valley  and  among  the  tribes  of  the  Soadaa  ;  alio  whether  the 

Coptic  (pre«Mahoiiimedan)  people  noticeably  differ  from  the  general 
Moslem  population  of  Kgypt.  Before  publishing  the  results  of  this 
inquiry  the  ponnissioij  of  the  Sirdar  has  to  be  obtained.  The  material 
collected  will  supply  tin;  necessary  data  to  pj-niiit  of  the  preparation  of 
a  report  on  the  physical  cfticiency  of  the  Egyptian  Army. 


]\ffineniaiwa  Surveij  of  the  SrhonJ  Cldhh-on  of  Scotlmul. — Ji'eporf  of  the 
Committee^  roimstiruj  of  ^[r.  K.  W.  Hkahmook  (Ch'n'rrnrin),  Mr. 
J.  Gray  (Srrrt>(arf),  Dr.  A.  C.  11  addon.  Professor  A.  Ma(  amster, 
Professor  D.  J.  C  i  xnlnguam,  Mr.  J.  F.  TocHER,  Dr.  W.  H.  11. 
KlVERts.     (Drai'  ii  I'p  hy  iJi^  Sccictari/.) 

The  progress  made  with  the  organisation  of  this  siirvey  during  the  past 
year  ha.s  not  been  gi'eat,  chiefly  because  it  was  doubtful  whether  the  funds 
required  to  p.iy  the  cost  of  collecting  the  stiitistics  could  be  obUiined.  The 
bcuiii^ih  Ethuugraphic  Counnittee,  with  which  this  Committee  is  co- 
operattng,  have,  however,  quite  recently  obtained  the  neoenaiy  fandfl» 
and  steps  are  being  taken  to  secure  the  co-operation  of  the  lehool 
teachers,  whose  assistance  is  indispensable  in  carrying  out  the  survey. 
An  np|)]icati(»n  for  co-operation  has  been  made  to  the  Secretary  of  the 
Educational  Institute  of  Scotland,  and  a  very  favourable  reply  has  l?een 
received.  Applications  will  also  be  made  to  all  the  local  committees  of 
that  Inrtitnte  and,  where  neceflsary,  to  individual  teachen. 

Forms  are  bdng  drafted,  and  when  they  have  been  revised  and 
passed  by  the  Committee  they  will  be  sent  out  to  all  schools,  probably 
about  the  (>nd  of  this  year,  the  time  of  issue  being  as  far  as  possible  lixed 
CO  suit  the  convenience  of  the  teiichers. 

For  the  purpose  of  this  survey  it  is  intended  to  follow,  as  far  as 
possible,  the  natural  subdivision  of  the  country  into  river  basins,  as  it  is 
wdl  known  that  watersheds,  when  they  form  mountain  ranges,  even  of 
moderate  aise^  act  as  racial  barriers.  If  the  ordinary  subdivision  into 
counties  were  adopted,  we  should  have  in  many  cases  to  include  popu- 
lations with  quite  dirtercnt  characteristics  in  the  same  kuIkU vision,  and 
valuable  ethnic  distinctions  would  be  lost  in  taking  an  average.  Each 
river  basin  is  to  be  subdivided  into  districtf»  containing  about  3,000 
school  children,  except  in  the  case  of  towns  having  a  larger  number  than 
this,  which  will  be  treated  as  single  districts. 

The  Clyde  basin,  which  is  the  most  populous  in  Scotland,  has  already 
been  subdivided  in  this  manner  into  twenty-two  districts.  The  Clyde 
basin  contains  about  one-third  of  the  total  number  of  school  cliildren  in 
Scotland.  The  subdivision  of  the  rest  of  Scotland  is  being  proceeded  with, 
and  will  soon  be  completed. 

Each  district  will  be  numbered,  and  the  forms  sent  to  schools  in  each 
district  will  be  stamped  with  its  number.  When  all  the  filled*up  forms 
for  a  district  liave  been  returned,  the  average  for  each  colour  of  hair  and 
of  eyes  for  that  district  will  be  calculatetl,  and  the  averages  thus  obtained 
will  be  marked  on  maps  in  their  proper  locality  and  used  as  density  points 
for  drawing  contour  lines  of  pigmentataon. 

The  Committee  ask  to  be  reappointed,  and  as  a  considerable  amount 
of  aotuarial  work  is  involved  in  working  up  the  statistics  after  tiiey  have 
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been  collected,  the  Committeo  recommend  that  a  small  grant  be  made  to 
cover  the  cost  of  thU  work,  ao  that  it  may  be  possible  to  present  a  satis* 
liMtory  report  to  the  British  AHooiation. 


Ethnological  Survey  of  Canada. — Report  of  the  Ccmmitteey  cojisisting 
of  Professor  D.  P.  Penhallow  (CJuiirman),  Mr.  C.  Hill-Tout 
(Secrefary),  Mr.  E.  W.  Brahrook,  Dr.  A.  C.  Haddon,  Mr. 
E.  8.  Haktland,  Professor  K.  B.  Tylor,  Sir  John  Boujuxot, 
Mr.  B.  Sulte,  Mr.  David  Boyle,  Mr.  C.  N.  Bell,  Professor 
John  Mayor,  Mr.  C.  F.  Hlntek,  Dr.  W.  F.  Ganong,  ami  Kev, 
John  Campbell. 

Ik  our  last  report  attention  was  directed  to  the  efforts  being  made  to  enlist 
the  co-operation  of  the  various  provincial  Governments  in  the  work  of  this 
Committee  with  a  view  of  putting  it  upon  a  more  permanent  basis.  At 
the  Toronto  Meeting  of  the  Royal  Society  of  Canada,  held  on  May  27, 
the  Oooneil,  im  snlmiittiiig  ite  report,  made  a  lengthy  reference  to  our 
wcikt  and  pdnted  to  the  great  necessity  of  h«vin]|;  it  proeeeiited  with 
▼igonr  while  material  is  available.  A  joint  oommittee  from  Section* 
2  and  4  was  appointed  to  t^ike  the  matter  into  consideration,  with  the 
result  that  the  Society  unanimously  adoptwi  the  following  resolution  : — 

•Resolved,  that  Hon.  J.  W.  Longley,  Sir  James  Grant,  Dr.  T.  J.  W, 
Burgess,  Rev.  Jdljn  Campbell,  Dr.  George  Bryce,  Mr.  Wilfrid  Campbell, 
and  Profeaaor  D.  P.  Penhallow,  Chairman,  as  Chairman  of  the  British 
Aesooiation  Committee  on  an  Ethnologieal  Sarvey,  be  appointed  a  stand- 
ing Committee  to  eo-opeiate  with  the  British  Aaeooiation  Committee  on 
an  Etlmologi*'"!  Bervey,  and  that  they  be  empowered  to  take  snoh  steps 
as  may  be  necessary  to  secure  from  the  various  provincial  Governments, 
as  also  from  the  Dominion  Government,  the  adoption  of  legislation 
relative  to  the  establishment  of  national  and  provincial  museums  of 
ethnology,  and  the  organisation  of  a  permanent  Ethnological  Survey  of 
the  entire  [Dominion.' 

The  Ontario  Government  has  already  taken  the  initiative  in  such 
work,  and  it  is  believed  that  the  admiraUe  beginnings  already  made  by 
Mr.  David  Boyle  in  the  Arbhieologioal  Museum  connected  with  the  De> 
partment  of  Education  may  serve  as  au  incentive  to  similar  efforts  in 

other  provinces. 

The  plan  now  before  the  Committee  of  tlio  Royal  Society  of  Canada 
will  be  prosecuted  with  vigour.  It  is  substantially  the  one  which  the 
Britidi  Assooiatlon  Committee  has  had  under  consideration  for  some  time, 
bat  which  they  have  not  been  able  to  carry  into  effisct.  It  contemplates 
the  formation  of  a  strong  central  committee  as  a  nucleus  within  the  British 
Association  Committee.  This  cential  committee  will  control  nil  matters 
relating  to  the  direction  and  organisation  of  research  and  the  distribution 
of  funds.  In  return  for  financial  support  it  will  secure  to  the  several 
provinces  such  ethnological  material  as  may  specifically  relate  to  each, 
reserving  any  duplicates  for  exchange  and  for  deposit  in  the  British 
Museum  or  such  other  soitable  place  as  may  be  selected. 

Mr.  Hill-Tout  has  continued  to  carry  on  his  investigations  among  the 
Palish  of  British  Colombia  under  greater  diffioolties  thah  tMttal  diiriilg 
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fte  past  year.  Two  of  the  three  tribes  wbiA  he  hee  at  pwont  mider 
obeervation  were  quaiaatiiied  on  aocount  of  an  onthreek  of  emall-pox 
among  them  just  at  the  eeaoon  when  it  was  most  convenient  for  him  to  be 
examining  them.  This  and  the  sliDrtiuRs  of  the  funds  with  which  he  was 
provided  to  prosecute  the  work  have  proved  most  serious  obstacles  to  the 
completion  of  his  report  appended,  and  which  is  to  be  taken  as  a  *  report 
of  progress '  only.  The  work  has  been  carried  out  on  similar  lines  to  thoee 
lollewed  Uat  yeer,  and  much  labour  and  care  have  been  given  ungrudg- 
ingly to  it.  His  studies  have  been  directed  in  particular  to  the  Nu'teak, 
the  Ma'(^Qni,  and  the  Siciatl.  Those  last  are  a  coast  people  differing  in 
speech  and  in  many  of  their  old  customs  from  the  contiguous  Sftlish  bauds. 
The  study  of  their  dialect  promises  to  add  to  our  knowledge  of  the  Salish 
tongue,  and  to  reveal  many  interesting  grammatical  features.  Witiiin 
their  boondariee  they  have  alio  peculiar  ardmologioBl  reoMane  In  the  form 
of  stone  enclosures,  an  account  and  full  description  of  which  will  be  found 
in  the  report  appended  hereto.  Ibeir  customs  and  folk-lore  will  also  be 
found  interesting  in  their  bearing  on  the  question  of  toteraism.  It  is 
encouraging  to  report  that  tlie  (lovemment  of  British  Columbia  has  re- 
oognised  the  value  and  import^mce  of  Mr.  Uill-Tout's  work,  and  has  this 
year  asfdited  him  by  a  grant  of  ^150  towaids  his  field  expenses. 

The  Arehieologicsl  Reports  for  Ontario^  by  Mr.  David  Boyle^  give  an 
oxceUent  indication  of  what  is  being  accomplished  by  independent  eflTort 
along  the  lines  which  this  Committee  is  designed  to  encourage.  From 
the  Report  for  1900-1901  it  would  appear  that  the  museum  contains  up- 
wards of  twenty-two  thousand  specimens  illustrative  chiefly  of  American 
arclueolocy  and  ethnology,  and  of  these  by  far  the  greater  number  are  from 
the  Fkovinee  ol  Ontario.  The  aooesiions  during  the  year  1901  numbered 
959,  and  Mr.  Boyle obeerves  that  the  large  inorease  in  correspondence  seenw 
to  indicate  a  growing  interest  in  aroha^logical  and  ethnological  etfUdiaei 

The  Report  for  1900  oon tains  the  following  contributions > 

1 .  Notes  on  Museum  specimens.    By  Mr.  D.  Boyle. 

2  The  Flint-workers  :  A  Foifotten  People.   By  Yeiy  Rev.  Wm.  B. 

Harris. 

3.  Indian  Village  Sites  in  the  Counties  of  Oxford  and  Waterloo.  By 
J.  M.  Wintemberg. 

4.  Bibliograpli^  of  the  Arbhoolcgy  of  Ontaria  By  Mr.  A.  F.  Hnntev 
(notioed  in  onr  previous  report). 

The  Report  for  1901  contains  : — 

1.  Notes  on  Museum  Specimenii.    By  Mr.  D.  Boyle. 
3.  A  Supposed  Aboriginal  Fish-weir  near  Drumbo*  By  W.  J.  Win* 
temberg. 

3.  Indian  Occupation  in  Nissouri.    By  L.  D.  Brown. 

4.  Animal  Remains  on  Indian  Village  Sites.    By  Dr.  Wni.  Brodie. 

5.  Wampum  lU  cords  of  the  Uttawas.    By  A.  F.  Hunter. 

6.  Notes  on  Huron  Villages  in  Medoute,  Simcoe  Co.    By  A.  F.  Hunter. 

7.  Notes  on  North  Victoria  Village  Sites.   By  Lt  G.  £.  Laidlaw. 

8.  Notes  on  Canadian  Pottery.  By  F.  W.  TVaugfa. 

9.  The  Paganism  of  the  Iroquois  of  Ontario.  By  D.  Boyle. 

The  Committee  aslc  to  be  continued,  with  a  grant  of  50/.»  and  they 
also  recommend  the  appointment  of  Rev.  Father  Monies,  Bev.  Fsther 
A.  O.  Horioe^  and  Mr.  J.  L.  Myres  as  additional  niemben« 
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Ethnological  Studies  of  the  Mainland  HalkHme'lFm^  a  division  of  the 
SalUh  oj  British  Columbia,    By  Chas.  Hili«-Tout. 

The  followinjT  notes  are  a  sumninry  of  tlie  writer's  studies  of  the 
L<ower  Fraser  Indians.  They  deal  chietly  with  the  Tcil'Qe'uk  and 
Kwa'ntlEn  tribes.  The  Indians  inhabiting  the  Lower  Fraser  district 
comprise  in  all  some  fourteen  or  fifteen  separate  tribes,  au  enumeration 
of  which  was  given  by  Dr.  F.  Boas  in  his  Report  on  the  PhysioU 
Gharaeteristics  of  the  North- West  Tribes.^  They  oceupy  the  shores  of 
the  estuary,  extending  up  the  river  as  far  as  Spuzzum,  which  forms  the 
dividing-line  between  them  and  the  N'tlaka'paniu<^  beyond.  Collectively 
they  are  known  to  themselves  as  the  HnlkovielEu  or  //iPnidme'nET?!  people. 
By  this  convenient  term  I  shall  speak  of  them  hereafter.  The  name, 
aoooiding  to  my  informants,  sigiufies  'those  who  speak  tibe  same 
language.'  This  division  of  the  Salish  is  not  confined  to  the  ^■^w^VthI. 
An  important  branch  of  it  is  found  on  Vancouver  Island,  over  against 
the  estuary.  The  speech  of  botli  1  (ranches,  although  exhibiting  interest- 
ing dialectical  (iifierence.«t,  is  mutually  intelligible.  The  HalkOme'lBm 
tribes  occupy  a  larger  and  more  scattered  territory  than  any  other  of 
the  Salish  divisions  of  British  Columbia,  the  distance  between  the  most 
eastern  and  the  most  western  tribes  being  upwards  of  200  miles.  When 
it  is  remembered  that  the  speech  of  the  Salish  tribes  which  border  upon 
them  on  every  side  is  so  strfinf:^e  and  different  as  to  be  quite  unintelligible 
to  the  Halkome'lEm  people,  the  practical  homogeneity  of  their  own  speech, 
despite  the  fact  of  their  widely  scattered  territories,  has  a  significance  we 
cannot  afford  to  overlook.  It  assuredly  reveals  to  us,  as  plainly  as  the 
vnwritten  past  can  be  revealed,  that  they  cannot  have  occupied  their 
present  territories  for  any  considenble  time.  The  intercourse  between 
the  diffiHPSnt  tribes,  far  as  can  be  gathered  from  themselves,  was  never 
very  free  or  extended,  the  nature  of  the  country  forbidding  this.  Con- 
sequently we  should  find  vastly  grenrer  divergence  in  the  speech  of  the 
upper  and  lower,  the  Mainland  and  island,  tribes  than  is  the  case  if  they 
had  been  settled  for  any  great  length  ol  time  in  their  prssent  quarters. 
While  the  Salish  Unguage  as  a  whde^  with  its  dosens  of  dialects  and 
scores  of  sulMiialects,  displays  such  capacity  for  dialectical  variation  as 
it  does,  wo  can  hardly  believe  that  the  same  tendency  to  rbanj^o  is  absent 
from  the  HalkOmc'lEm  speech.  We  may  safely  conclude,  therefore,  that 
the  HalkOraelKm  tribes  are  comparative  late-comers  in  the  territories 
they  now  occupy.  All  lines  of  available  evidence  tend  to  confirm  this 
▼iew.*  Whether  the  Island  or  the  Kaanland  tribes  constitute  the  parent 
branch,  or  whether  tiie  Island  or  the  Mainland  was  the  earlier  home  of 
the  division,  cannot  now  be  determined.  This,  and  the  kindred  question 
of  the  original  home  of  the  whole  undivided  Salish  stock,  will  be  dealt 
with  later,  when  oar  investigations  have  covered  the  whole  field  of  inquiry. 

Ethnography. 

The  TcirQ("'uk  have  greatly  decreased  in  number  during  the  past  two 
generations,  though  they  do  not  appear  to  have  ever  been  a  populous  tribe, 
even  in  the  old  days.   As  at  present  coostitated  the  tiibe  Is  subdivided 

'  Kinth  Keport  Brit.  Assoc.,  1894. 
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into  eight  separate  groups  or  village  communities,  whicli  tocrether  number 

about  fifty  adult  males.  The  names  of  these  Milages  and  their  respectr.-e 

chiefs,  as  given  to  me  hj  'Oaptain'  John,  $Wm  of  ^Suicd'U,  ar«  at 
lollowt : — 

VUUgei.  Cbieis.  Ntunl^ex  of  ikdi^Ll  nuk*. 

1.  Sqai  MiVtet  9 

2.  SQaiu'lA  Klacalnm  4 

3.  A'tHKliU  Swaiu's  8 
i.  Skaukd'l  Qiiteku'dta  9 
6,  Tnkflkwfifi's  Qftt^'seltfh  t 

6.  TcIa'ktB'l  "  8 

7.  C'lu'Ikl  W^nl'sKluk  I 

8.  Sawa'lfi  Swjl'lBs  IS 


In  eurlier  days  the  tf  ibe  was  len  aoattered  then  et  praant,  and  hid 

ill  eetUements  on  the  npner  reacheg  of  the  Chilliwack  River,  contigaooi 
to  Suwa'le,  the  former  headquarters  of  the  tribe.  I  obteuted  froa 
*  Oeptftin '  John  the  names  of  these  old  aetUeniente.   They  are 


Sawft'lfts' melting  away ' ;  so  oaUed  beoaofo  tbo  people  here  oooe 

great  numbers. 
SkwEa'lets  =  •  coming  in  of  the  water.' 

St'lKp  >  *  home  coontry ' ;  so  called  beoause  here,  on  a  level  atretch  of  land 

lying  befciteen  the  ftovke  of  tbe  liver,  the  old  long  oommimiil  hoiiNi  eC 

the  tribe  were  situated, 
^telitc,  from  (;a<;a\  ^ '  back ' ;  lo  called  beoatue  the  settlement  was  oa  the 

edge  or  '  back '  of  a  slough. 
QG-Qai'dM'maggot'ny ' ;  so  oaUed  beoMua  of  the  nunber  of  maggot-ttei 

foond  there  in  the  eammer. 


These  settlements  constituted  the  original  home  of  the  Tcil'Qe'jV, 
according  to  the  traditions  of  the  tribe.  They  have  no  recoiti  of  any 
other  ancestral  home.  In  their  own  words,  they  'have  always  dwelt 
there,  looking  on  the  same  sky  and  the  same  mountains.'  According  to 
one  of  their  myths,  they  dwelt  here  before  the  GhUHwaok  River  spr<i£ig 
Irom  the  moontaina.  This  river  rises  in  a  mountain  lake  known  Joosilf 
as  'Oolttts'  Lake,  but  called  by  the  Indians  themselves  Sw^wUem;  sad 
its  formation  is  said  to  have  come  about  in  the  following  manner.  In 
the  olden  days  there  lived  a  youth  who  frequented  this  lake.  Ite  shores 
were  his  training-ground.  One  day  he  came  to  the  village  and  said  he 
had  learned  in  a  dream  (??/Ta)  how  to  make  water  run.  The  people 
laughed  and  jeered  at  him.  Said  he  to  them  :  *To  show  you  that  I  can 
do  as  I  say  I  will  make  the  water  of  the  lake  run  by  the  villaire  before 
the  sua  sets.'  With  that  he  started  for  the  lake.  A  little  later  h«i 
appeared  in  tiie  village  again.  'Look  oat  now/ he  oried ;  *  the  water  wiD 
soon  be  here/  Presently  a  small  stream  of  water  was  seen  ^Lffundiiy 
the  slope.  In  a  short  time  this  increased  to  a  roshing  torrent^  whi^  as 
there  was  no  bed  for  it  to  run  in,  divided  and  ran  in  several  directions, 
cutting  out  in  its  course  the  different  channels  or  arms  through  which 
the  water  now  flows  before  uniting  in  the  one  stream.  It  is  quite  pos- 
sible this  myth  or  tradition  has  some  foundation  in  fact.  The  waters  of 
the  river  are  clearly  the  overflow  of  the  lake.  This  overflow  may  have 
formerly  had  some  other  outlet,  which  for  some  reskson  or  other  failed  to 
do  its  work,  and  a  new  outlet  beoame  necessary.  While  none  of  the 
Toil'Qfi'uk  Indians  entertain  any  donbt  about  the  truth  ol  this  tnidHion, 
the  younger  and  mom  inteUigsnt  of  them  believe  that  the  jonth  el  ths 


^  J  .i^Lo  i.y  Googl 


ON  THE  ETIIXOLOGICAL  SUHVEY  OF  CANADA. 


857 


ttoiy  m  his  wanderings  roand  the  kike  discovered  some  weak  spot  in  iti 
margin  overlooking  the  slope  occupied  by  the  tribe,  which  required  but 
a  little  assistance  from  him  to  become  an  outlet  for  the  lake's  ovorflow. 
They  do  not  believe  any  longer  in  the  'magic'  pai-t  of  it.  They  are, 
indeed,  now  generally  very  sceptical  of  the  marvellous  feats  and  wonder- 
working  powers  of  tmir  old-time  diamanSi  as  xeoMded  in  the  tribal  mjths 
and  trraitione.  Thai  we  see  the  dirintegratisg  lorcee  introdaoed  hj  our 
advent  at  work  here,  as  in  other  sides  o(  their  life  and  character. 

Socio  fof/y. 

In  their  social  organisation  and  customs  the  Tcil'Qe'uk  ditfer  in  some 
interesting  respects  from  the  neighbouring  HalkOme'lEm  tribes.  This 
nay  be  possibly  due  to  the  fact  that  the  Tcil'Qg'ttk  are  not  tme  members 
ol  the  HaUtomS'lim  division,  though  they  now  speak  its  tongue.  They 
have  a  tradition  among  them  that  up  to  a  century  ago  they  spoke  a 
different  language.  What  this  was  even  their  old  men  could  not  remem- 
ber. 'Captain'  John  gave  me  a  few  words  which  he  said  belonged  to 
the  old  language.  These  are  all  true  8alish  t«rms,  though  non- 
HalkOme'l£ra.  He  also  told  me  that  an  old  man  of  their  tribe  lived 
among  the  Nootsak  Indians,  to  the  south  of  the  International  Boundary 
line,  who  knew  the  old  tongue.  I  paid  a  special  visit  to  this  settlement 
to  see  this  old  man,  but  failed  to  find  him.  I  fear  he  is  dead,  as  I  could 
hear  nothing  of  him.  I  learnt,  however,  that  the  Nootsak  speech  is 
closely  allied  to  tho  8k"qA'raic.  The  tribe  is  much  broken  down.  It  is 
now  formed  of  members  of  several  originally  difierent  tribes,  only  about 
a  half-dosen  true  male  Nootsak  Indians  being  alive. 

The  TdrqS'ttk  were  more  communistic  in  tiieir  mode  of  life  than  any 
tribe  I  have  treated  of  heretofore.  The  people  were  divided  into  the 
usual  threefold  division  of  chiefs,  notables,  and  base  folk.  The  chieftaincy 
or  headship  of  the  tribe  was  practically  hereditary ;  though  the  people 
could  depose  their  chief  and  elect  another  in  his  place  if  they  were  dis- 
eatisfied  with  his  supervision  of  the  tribe,  or  bis  conduct  wss  such  as  to 
make  him  a  bad  diroetor.  I  say  dtreelor,  rather  than  ruler,  because  the 
sli'ms  of  the  Salish  were  rarely,  if  ever,  rulers  in  the  ordinary  sense  of  the 
word.  They  wprc  rather  overseers  or  fathers  of  the  tribe,  the  sfii'm  com- 
bining in  himself  the  character  and  functions  of  a  common  father  and  a 
high-priest  ;  the  office,  indeed,  being  more  sacerdotal  than  imperial.  He 
it  was  who  always  led  and  directed  the  prayers  of  the  community  and 
eoodueted  all  their  religious  observances.  To  this  day  he  leads  them  in 
their  responses  and  conducts  the  service  in  their  churches  when  their 
white  minister  or  instructor  is  absent.  Apparently  the  deposition  of  a 
chief  was  an  extremely  rare  occurrence.  This  may  possibly  have  been 
because  the  occupants  of  the  office  fully  realised  its  dignity  and  its  privi- 
leges, and  had  no  desire  to  forfeit  them  ;  but  I  am  disposed  to  think  it 
was  more  because  they  were  usually  genuinely  impressed  with  the 
responsibility  and  duties  of  their  position,  and  strove  earnestly  to  ful61 
them.  At  any  rate,  we  hear  very  rarely  of  a  bad  or  neglectful  chief. 
The  Tcil'Qe'uk  traditions  record  but  one  such.  A  deposed  chief  would  be 
succeeded  by  his  son,  or  brother,  or  cousin  ;  so  that  the  cliieftAincy  would 
rarely  pass  out  of  the  family  or  caste  of  the  chief.  I  inquired  among  the 
Teii'Qeuk  what  conduct  on  the  part  of  a  chief  would  bring  about  bis 
deposition ;  and  was  told  that  BelnshneM,  or  mmoiuu,  or  neriect  of  the 
material  weU^  of  the  tribe  would  asraredly  do  so.  I  fiiruer  inquired 
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Hrhat  ooone  wonld  be  taken  to  depose  him.  They  replied :  The  elden  ud 
chief  men  of  the  tribe  would  meet  together  and  diacan  tiie  matter,  and 
then  the  chief  would  be  told  that  he  was  no  longer  sia'm  ;  that  his  son,  or 
his  brother,  or  his  cooain  had  been  appointed  in  his  place.  The  deposed 
chief  would  quietly  acquiesce  in  the  decision  and  the  new  chief  would 
take  his  place  ;  and  that  would  be  the  end  of  the  matter.  From  this  it 
is  clear  that  although  the  office  of  ma  in  was  pnvctically  hereditary,  and 
generally  descended  from  father  to  son,  the  chief  held  his  position  really 
on  sufferance  and  with  the  common  consent  of  the  elders  and  nobles  of  the 
tribe.  Apparently,  among  fhum  Saliali  tribea  which  are  anbdi^ided  into 
village  oommnnitiea  there  ia  alwaya  one  chief  of  more  importanee  tiaa 
the  rest.  He  is  lord-paramoontb  It  was  ao  among  the  N'tlaka'pamusi, 
the  Kwa'ntlEn,  the  Sk  'Qo'mic  and  the  Tcil'Qe'uk.  Among  the  latter  ha  ■ 
called  Yfiti/el  Sid'tHf  which  signifies  'the  first-going  chief.* 

The  prime  duty  of  a  Tcil'Qr'uk  sia'm  was  the  care  and  order  r.f  the 
village  or  community.  His  chief  thouf^ht  was  given  to  that,  and  he 
deemed  responsible  for  the  common  welfare  and  comfort  of  the  tribe.  He 
directed  all  undertakings  in  the  common  interest,  and  appointed  th« 
times  for  salmon-fishing,  root-digging,  and  berry -picking.  A  popular  chief 
waa  one  who  waa  generouBi  liberal,  and  kind-hearted,  and  looked  well  aflsr 
the  material  comlorta  of  the  tribe.  Barel if  ever,  did  the  aift'm  act  in 
a  military  capaci^.  The  eta'tniq^  or  war-chief,  was  generally  cboaep  from 
among  the  fighting-men  of  the  tribe  on  aoooont  of  his  superior  f  aww  iM  or 
skill  in  warfare.  There  was  no  regular  warrior  class.  Such  members  of 
the  tribe  only  as  were  fond  of  fighting  ever  went  out  to  battle,  excej  t  in 
such  cases  as  when  their  settlements  or  homes  were  attacked.  Then  aii 
the  men,  and  sometimes  the  women  too,  took  part.  But  this  was  a  nire 
occurrence.  Their  traditions  speak  of  (quarrels  and  contests  with  their 
neighboui^,  the  Pila'tlq.  These  arose  generally  on  acoomit  off  one  ttSm 
overrunning  the  honting-groonds  of  the  other.  Apparently  the  ToilVlMt 
were  moatly  to  blame  in  this  respect,  often  ovenrtiepping  the  boudarias 
between  them  and  the  Pila'tlq  and  hunting  in  the  latter's  terxitoriea. 
Sometimea  a  body  of  warriors  would  deaoend  the  Fmser,  harry  some  of 
the  lower  settlements,  and  bring  back  a  number  of  captives.  These  thf^y 
would  sell  as  slaves  to  the  more  timid  or  le.ss  adventurous  of  the  triU'\  an  i 
thus  enrich  themselves.  The  sia  m  would  usually  discountenHru  e  them' 
forays  ;  but,  as  in  every  other  tribe,  there  were  aljio  among  the  Tcil  i^e  uk 
some  restless,  venturesome  spirits,  and  these  would  from  time  to  time 
penmade  othen  less  warlike  than  themaelirea  to  join  them,  by  tempting 
them  with  visiona  and  promiaea  of  the  rich  qmla  tliey  wonld  aeevie  and 
bring  home.  Sometimea  theae  war-partiea  were  never  heard  off  again« 
being  ambushed  and  slain  by  the  way. 

I  could  leam  little  concerning  aecret  societies  or  brotherhoods,  though 
some  such  apparently  fonnerly  existed  among  them,  the  brotherho«xl  of 
the  Sqoi'nql  being  the  most  noted.  There  weie  also,  .seemingly,  fraterni- 
ties which  possessed  peculiar  dances  ;  but  the  whole  subject  is  very  obscure 
and  its  particulars  ditticult  to  gather  among  the  Tcil'Qe'uk.  In  c4.>nimon 
with  the  other  iSalish  tribes  the  Tcil^^e  uk  indulged  in  reliffious  and  social 
dancea.  They  ohaerved,  too,  the  Feaata  of  Funt-firnita,  wbkh  were  eon> 
ducted  mvch  aa  deacribed  by  uie  in  my  notea  on  the  N'tlaka'panniQ  in  ths 
Third  Report  of  the  Oommittee.  Theae  religions  f  easta  aeam  to  have  ben 
observed  by  all  the  Halkome'lmn  tribe8|  aa  I  find  them  amoBg  the  i^pcr 
and  the  lower  tribea  of  the  rivert 


^  J       i.y  Google 


ON  TBS  EIBNOLCXHOAL  StJBVKY  OF  CANADA* 


360 


The  '  potlntch/  Mortuary,  Naming,  and  other  feasts  were  held  in  esteem 
by  the  Tcil'Qe  ak  as  bj  other  of  the  Saliih  tribes,  though  all  have  been 

reluctantly  given  up  as  a  general  thing  for  somo  years  past.  Occasionally 
someone  with  a  large  house  will  be  induced  to  ^'ive  a  dance,  I  was  in- 
formed. This  will  be  conducted  partly  on  native  lines  and  partly  on  the 
lines  of  the  white  man's  dance  ;  but  all  such  gatherings  are  discoun- 
tenanced by  the  Indian  authorities  and  by  the  n)i:3sionarie8,  and  occur 
now  but  raraT, 

^  The  Imet  between  the  three  looial  diviaioiis  of  the  Tofl'q^nk  were  leM 
rigid  then  those  between  some  of  the  ooeet  tribes;  at  least,  that  ii, 
-etween  the  notabilities  end  the  common  people.   The  ohief's  caste  was  a 

class  apart.    Only  those  connected  by  consangnineal  ties  could  belong  to 
this  cast€,  the  head  of  which  was  alwavH  the  yfnr'fl  fnn'v},  who  always 
bore  the  personal  nanir'  or  title  of  snul'lf-.n  in  addition  to  liis  other  indi- 
Tidual  names  ;  and  his  daui^hters  were  always  called  t<i''>i'h  s/r'tit.    I  was 
unable  to  learn  the  signification  of  these  terms,  other  tiian  that  '  swa'lss ' 
Bgnified  '  getting  ridi.'   A  noble  or  headman  among  the  Tcil'Qe'Qk  was 
saeii  by  Ms  wwlth  end  intelligenee  end  by  the  eoneent  of  hie  iellow- 
tribesmlBn.   Any  men,  other  then  a  slave,  could  win  such  a  position  for 
himself  by  the  acqnlsitaon  of  wealth  and  by  a  generous  and  discreet 
distribution  of  the  same.  The  common  people,  other  than  the  slaves,  were 
such  because  they  were  lazy,  thriftless,  unambitious,  or  inoipable  of  rising 
in  the  social  scale.    As  I  observed  at  the  outset,  the  Tcil'Qe'uk  were  more 
coramunistic  than  their  neighbours  ;  they  held  their  possessions  more  in 
common.    Thus,  for  example,  they  eat  toijether  as  one  family.    The  chief 
would  call  upon  a  certain  individual  each  day  to  provide  the  meals  for  all 
the  otiier%  everyone,  more  or  less,  thus  taking  it  in  tarn  to  discharge 
this  social  dn^. .  The  siek  and  old  he  would  make  the  eharge  of  thoee 
vho  were  best  able  to  take  care  of  them.   Thus  all  were  provided  for  and 
usee  left  in  want.   It  most  not  be  supposed,  however,  that  all  fared 
■like.    Under  such  a  rule  there  would  be  no  incentive  for  any  individual 
to  lay  in  a  good  store  of  ohoioe  food,  and  the  lazy  and  thriftless  would  reap 
the  benefits  of  the  toil  and  foresight  of  the  industrious  and  careful.  In 
each  family  the  food  stores  were  always  divided  into  three  portions,  and 
packed  away  separately  on  the  shelves  over  the  beds.  At  the  back,  where 
it  was  most  protected  from  injury,  dust,  and  smoke,  wa6  placed  the 
choieeBt  portioD.   This  was  intended  for  the  SIfi'm,  who  was  entitled  hf 
Ins  oflke  to  the  best  of  everything.  In  the  middlo  was  placed  the  eecond 
best  portion.    This  was  for  the  owner  and  his  friends,  and  others  of  his 
locial  rank.   On  the  outside  was  stored  away  all  the  inferior  food.  This 
for  the  common  folk.   Thus,  by  this  division  of  their  supplies,  though 
their  nieals  wore  communistic,  there  was  given  no  encouragement  to 
tliriftlessness  or  indolence.    This  sini^ular  mixture  of  communism  and 
privilege  is  an  extremely  interesting  feature  of  the  social  life  of  the 
Tcil'Qe  tik.    It  seems,  moreover,  peculiar  to  them,  as  I  have  nut  found  it 
dsswhere. 

The  tribe  was  originally  endogamons ;  but  later,  closer  contact  with 
the  nekhboaring  tribes  made  a  strict  observance  of  this  mle  impolitici 
sod  led  to  the  taking  of  wives  from  other  communities.   Polygamy  was 

common  among  the  Tcil'qe'nk,  a  man  having  sometimes  as  many  as  ten 
wives.  The  number  of  a  man's  wives  was  ordered,  as  a  rule,  partly  by  his 
incUnatioDs  and  partly  by  liis  ability  to  support  tbenu   like  most  of  the 
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other  tribes,  they  kept  slaves,  the  wealthy  possessing  several  of  both 
msM,  Thflie  wm  franerally  captivet  teken  in  warfiue  or  in  Knne  foray 
on  aome  dlitent  wtSanient, 

Lwdltnffs. 

The  permanent  habitation  of  the  TcirpO'iik  was,  as  I  have  said,  the 
oommuoal  '  long-house.'  The  adoption  of  this  style  of  dwelling,  1  learnt, 
WM  primarily  for  purposet  of  mntual  protection  and  defence  in  caees  of 
attack.  It  can  readily  be  seen  tliat  such  houses  would  be  imperatively 
needful  where  the  community  was  smaU,  the  number  of  males  limited, 
and  the  tribe  surrounded  by  hostile  and  predatory  bands.  Later,  when 
this  need  was  no  longer  felt,  custom  and  a  recognition  of  the  social 
advantages  of  such  a  structure  would  operate  to  perpetuate  this  mode  of 
building.  I  think  there  can  be  bat  little  doubt  tliat  these  dwellings,  first 
erected  for  mntnal  safety  and  protection,  have  profoandly  aliected  the 
social  life  and  customs  of  the  Indians  using  them.  The  commiinism  of 
t!)e  Ilalkome'lEni  and  coast  Salish  tribes  doubtless  grew  out  of  it  ;  like- 
wise their  characti  r  dances,  which  are  invariably  performed  duiiug  the 
winter  days  mid  evenings  in  these  long  common  houses. 

The  long  house  of  the  TcilQu  uk  was  of  the  half -gable  or  single  slopo 
pattern,  the  front  or  higher  side  rising  to  25  or  30  feet  The  inteirar 
was  equally  divided  between  the  different  families  of  the  tribe.  Each 
family  was  entitled  to  a  space  8  taJ^  ^  square.  When  the  tribe  was 
populous  these  houses  would  extend  in  an  unbroken  line  for  several 
hundred  feet.  The  chief  always  occupied  the  centre.  In  this  custom  we 
nave  plain  evidence  of  the  trutii  of  the  statement  made  to  me  by  the 
Indians,  that  th^  adopted  this  style  of  house  primarily  for  protective 
purposes.  The  chief — tiie  father  and  head  of  the  tribe — whose  loss  would 
be  most  severely  felt,  is  always  lodged  in  the  securest  portion  of  the 
structure.  On  fither  side  of  him  dwell  his  brothers,  the  elder  ones  coming 
first.  After  thnni  i-onie  the  lesser  chiefs  and  notables,  and  beyond  these 
again  the  common  folk.  There  were  commonly  but  two  doors  to  these 
dwellings — one  at  each  end  In  the  interior,  the  spaces  allotted  to  family 
use  were  separated  by  hanging  mats  or  screens  of  pnMS  or  reeds.  On 
festive  occasions  these  were  taken  down  and  the  divisions  thrown  into 
one.  The  bc<l8  were  formed  by  reed  mats  laid  one  upon  another,  the 
head-rests  or  pillows  being  rolls  of  the  same.  The  coverings  of  the  meaner 
class  were  of  the  same  material ;  the  wealthier  supplemented  these 
by  dressed  bkins  and  blankets  made  from  the  wool  of  the  mountain 
goat 

.  The '  keekwilee,'  or  underground  winter-house,  was  also  oooasionally 
used  by  some  of  the  Tcil'i^e  uk,  and  known  to  tiiem  by  the  term  aksm'sl, 
Ld'lEin  is  tho  name  by  which  the  long- house  was  known  ;  which,  to  judge 
by  the  Idm  of  the  Sk'qo'mic  and  other  tribes,  is  the  colleotive  form  <^  the 
term. 

The  household  utensils  of  the  Tcirqe'uk  did  not  differ,  except  in  sissi 
from  those  used  by  their  congeners  elsewhero.  These  consisted  of  various 
forms  of  basketty,  always  made,  as  among  the  N'tlaka'pamuQ,  from  the 

split  roots  of  young  cedar- trees  ;  wooden  bowls,  dishes,  platters,  and  spoonSi 
As  their  meals  were  of  the  communistic  order,  large  receptacles  were  a 

'  A  tnir  was  tlic  Urifrth  of  tlie  intorvnl  or  sp;icc  brtwocn  the  outstretched  arms 
of  a  man,  measured  acrosa  his  chest  from  the  tip  of  the  middle  finger  on  one  band  to 
the  correspoading  point  on  the  other. 
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necessity.  Consequently  we  find  these  utensils  habitually  formed  on  a 
larger  scale  among  the  Tcil'Qe'uk  than  among  the  other  tribes.  They 
had  enormous  cedar  troughs,  10  or  more  feet  long  and  2  or  3  feet  wide, 
called  tkwt^lttEl ;  big  maple  dishes,  called  kamd'molp  Id'lseL  Bendea 
these  were  the  cndinary  hihrlA'ttelf  or  big  platter ;  ana  the  m^nul  l^Ud^ 
or  small  platter  \  the  q^MQxlft  or  wooden  dipper  or  spoon,  and  thibgtlfiO,  or 
hom^spoon. 

Dreu, 

The  dress  of  the  Tcil'Q^itk  was  similar  to  that  ol  the  eontigvotis  Salish 
tribes  described  by  me  in  former  reports. 

Sha7nativim. 

Shamanism  was  prc\*alont  among  the  Tcil'Qf''uk,  and  exercised  a  perva- 
sive and  paramount  iniiucnce  in  their  lives.  The  shamans  wore  of  three 
classes  :  the  sun/a  m,  or  doctor,  the  term  signifying  '  to  heiil  or  make  well ' ; 
the  o7la,  or  soothsayer,  from  m'/Io,  '  to  dream  '  ;  and  the  yeu'iua,  or  witch, 
or  sorcerer,  from  yeu'wa,  *  to  bewitoh  or  enchant.'  The  ust  was  of  either 
sex  ;  the  others  were  invariably  men.  The  office  of  the  BuM'm^  despite 
his  title  of  '  healer,'  was  not  to  attend  to  or  cure  wounds  or  such  bodily 
injuries  ;  that  was  one  of  the  functions  of  the  o'lia.  There  is  great  sig- 
nificance in  this  fact.  An  external  wound  or  injury  was  a  matter  of 
comparatively  simple  import ;  there  was  nothing  mysterious  about  it. 
It  was  the  natnral  result  of  a  known  and  comprehended  cause.  The 
functions  of  the  §9Mm  were  rather  to  restore  health  and  yigour  to  the 
body  when  prostrate  or  suffering  from  some  inward  sickness  or  malady, 
as  when  under  the  supposed  influence  of  some  spell  or  enchantment.  He 
was  pre-eminently  the  'pathologist '  of  the  tribe.  Pathological  conditions 
among  the  Tcil'Qe'uk,  as  among  other  primitive  peoples,  were  regarded  as 
the  result  of  maleficent  and  mysterious  agencies,  which  could  only  be 
oontroUed  or  connteracted  by  incantations  and  rites  psrfbtmed  by  ono 
versed  in  the  'mysteries,'  as  a  SQBl&'m.  He  alone  had  power  to  restore 
a  lost  soul  or  spirit,  which,  according  to  tlioir  belief,  might  leave  the 
body,  thereby  causing  sickness  and  fainting,  and,  if  not  restored  in  time), 
death  ;  or  drive  out  a  disease  caused  by  a  magic  spell  or  by  witchcraft. 
To  effect  the  former  he  would  go  apart  by  himself,  crouch  down,  and  cover 
his  head  and  shoolders  with  a  mat,  and  permit  himself  to  pass  into  a 
trance  state,  when  his  soul,  it  is  said)  would  leave  his  body  and  go  in 
search  of  that  of  the  patient  All  the  conceptions  of  the  after-life  of  the 
Indians  are  derived  from  the  descriptions  given  by  the  sQEla'm  of  these 
visits  to  the  spirit- world.  They  are,  consequently,  rarely  uniform  or  con- 
sistent. To  effect  the  latter  he  beats  a  stick  or  board,  and  sings  and 
dances  round  the  patient.  To  acquire  these  powers  he  nsiiaUy  nnderwent 
ft  kmg  and  secluded  training  in  some  lonely  spot  in  the  forest  or  on  the 
margin  of  some  lake.  This  training  consisted  in  prolonged  fasts,  trances, 
body  washings  and  exercises,  accompanied  by  invocations  of  the  Mysteries. 
His  '  medicine,'  or  *  power/  it  is  believed,  was  bestowed  upon  him  by  his 
guiding  spirit  or  spirits,  who  appear  to  him  and  instruct  him  in  dreams 
and  visions.  Another  of  his  functions  was  to  conduct  the  mortuary  sacri* 
fioes.  Heis,  par  «D0022nics,  the 'Master  of  the  Mysteries.' 

Not  only  the  shaman.s,  but  every  other  Indian,  had  one  or  more  guiding 
or  protecting '  spirits.'  Their  belief  in  these  and  their  general  belief  in  the 
*  mysteries '  are  baaed  upon  their  philosophic  conceptions,  if  such  they  can 
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be  called,  of  existence  and  the  universe.  In  common  with  other  primithe 
races,  they  people  their  environment  with  sentient  heings  and  agencies  of 
beneficent  and  maleficent  character,  mostly  of  the  latter.  Out  of  this  om- 
ception  spring  their  belief  in,  and  their  seeking  by  special  means,  personal 
guiding  and  protecting  *  spirita,'  or  '  potencies ' ;  which  are  akin  to^  bat 
not  identical  with,  the  'Miumtone*  of  the  plain  Indianfl.  Natoie  ta 
them  ia  fall  of  *  mysteries ' ;  and  their  peroeption  of  ita  lawa  ia  to  endov 
every  object  and  agency  in  their  environment  with  conacioaa  powor  and 
being.  Surrounded  thus  by  Potencies  and  Mysteriea,  empnuaoiaM  in 
action  and  generally  malevolent  in  character,  liable  at  any  moment  to  be 
made  their  victims  or  prey,  there  was  a  vital  need  of  a,  protecting  *  influ- 
ence' or  'spirit'  in  their  lives.  This  *  guide,'  'protector,"  '  intiuence,' 
*  power,'  '  charm ' — for  it  partakes  of  the  character  of  all  these — the 
Tcil'ge'uk  call  by  the  name  of  m'lia  or  so'l'ia.  This  is  the  abstract  or 
nominal  form  of  the  verb  m'/mi,  *  to  dream.'  It  is  thus  called  because 
these  '  potencies '  come  to  and  communicate  with  them  in  dreams  or 
▼iaiona.  A  pemon'a  «u'2ta  might  he  apparently  anytiiing — bird,  beast, 
fiah,  objeoti  or  element.  There  was  apparently  no  fimitation,  nroTided 
only  that  it  came  to  him  in  a  dream  or  vision.  This  is  a  faot  ot  spedal 
significance,  olearly  showing  that  every  object  in  Nature^  animate  or  inani- 
mate, posaeand  lor  them  active  and  aenttent  powers  and  qualities.  This 
fact  is  the  more  striking  when  it  is  remembered  tliat  parts  of  animals  or 
objects,  or  even  of  human  beings,  might  IjecoTne  a  person's  su'lfa.  ^uch  su'lia, 
however,  were  rare  among  them.  But  their  presence  at  all  is  of  particular 
interest  to  us  in  our  studies  of  the  social  organisation  of  the  Indians  of 
this  region,  as  they  seem  to  show  us  the  steps  by  which  the  peculiar 
totemism  of  the  northern  tribes  is  reached.  Such  tnbes  as  the  Tcil'Qe'uk 
and  otbars,  who  make  au'lla  of  a  tooth,  a  bone^  a  ahell»  a  baakei,  or  other 
ntenail,  a  pieoe  of  hahr  or  wood  or  atone^  and  similar  objects,  have  clearly 
not  yet  passed  beyond  the  stage  of  fetishism.  Indeed,  the  8a]iaii  aalla 
are  throughout  only  higher  forms  of  fetishism,  in  that  they  are  alwi^ 
individuai  objects,  no  matter  what  those  objects  may  be.  Yet  the  lofBa 
of  the  TciTge  uk  and  other  Salish  tribes  is  not  the  fetish  or  talisman  of 
the  African  savage  ;  it  partakes  also  of  the  character  of  the  toUnn.  It 
is,  indeed,  T  am  led  to  believe,  the  connecting-link  between  pure  fetishism 
and  totemism  as  it  is  found  among  our  northern  Indians.  That  the  perisonal 
totem  as  we  find  it  in  this  region  has  been  e  vol  veil  from  fetishism  I  think 
the  su'lia  of  the  tribes  under  consideration  make  clear ;  and  that  the 
peooliar  elan  totem  of  our  northern  tribea  ia  the  farther  evohitm  and 
natural  extension  of  the  personal  totem  'beoomea  eqnaUy  dear  nnder  the 
study  of  the  origin  and  spread  of  personal  and  family  oreats  and  emblems ; 
these  standing  in  the  same  relation  to  the  clan  totem  aa  the  fetish  does 
to  the  personal  totem.  These  crests  and  emblems,  formerly  so  highly 
esteemed  and  jealously  guarded  by  those  entitled  to  them,  which  entered  so 
largely  and  affected  so  profoundly  the  social  life  and  organisation  of  our 
coast  Indians,  art^  seen  to  have  originated  in  two  dift'erent  ways.  One 
springs  from  pictographic  or  plastic  representation  of  the  su'lia,  as  among 
the  interior  Salish  and  the  northern  Alaskan  tribes  ;  ^  the  other  is  an  em- 
blematic record  of  some  event  or  adventure,  more  or  less  mythical,  in  the 
life  of  the  owner  or  his  ancestors,  the  nature  of  which  is  well  eranpliisd 

>  See  •  The  Bildmo  about  Bering  Strait,'  by  Edward  W.  Kelsoo.   Fmit  I.  of  Ae 
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in  tlMslotT'of  tHe  originof  Ihaagdi'aftofwlorloi^  Thm 

ean  be  little  doubt,  I  think,  that  these  latter  gave  rise  to  the  secret 
societiai  and  fraternal  organisations  of  the  Kwakiutl  and  northern  Sftliih 
tribes  ;  while  the  totems  of  the  Haida,  Tlingit,  and  Tsimshoan  sprang 
from  the  former.  This  I  think  becomes  clear  from  a  study  of  the  social 
organisation  of  the  various  Salish  tril)€8. 

Among  the  N'tlak.i  paining  of  the  interior,  whose  social  ori:janisation 
is  of  tlie   loosest  and  simplest  kind,  the  crest,  as  such,  was  unknown. 
Pictographic,  and  even  plastic,  reprejiientatious  of  their  sulia  were  by 
no  meant  mn.    The  former  were  quite  oommonly  found  on  personal 
lidongiiigs,  saoh  as  ntensOs^  weapons,  oktthes,  Ac,,  hat  they  never  appear 
to  have  aasomed  the  charaeter  of  the  crest ;  they  are  merely  deoorattTei 
When  we  descend  the  river  and  reach  the  Halkomeism  tribes,  the  per- 
sonal and  family  crest  and  fraternal  emblems  begin  to  appear.    A  carved 
<'>T  painted  representation  of  an  individual's  su'lia  is  found  on  the  posts 
of  his  house  and  on  his  family  corpse-box,  as  well  as  upon  otiier  of  his 
personal  l>elongings.    It  has  now  become  idcntitiod  with  the  owner,  and 
the  owner  with  it.    It  is  the  mark  or  ci-est  l>y  which  he  and  his  are  dis- 
tinguished from  others  of  the  tril)e.    I  ha  ve  already  observed  that  the 
adoption  of  the  communal  dwellings  must  liave  deeply  affected  the  social 
life  of  these  who  inhalnted  them ;  and  here^  I  think,  we  may  see  an 
insfesnee  of  thisL   In  commnnistic  societies  the  individual  is  more  or  less 
kst  sight  of  in  the  common  fsmily  or  brotherhood ;  bat  this  is  contrary 
to  the  spirit  of  the  Indian  chaimeter.    Under  the  communistic  oi;gsnisa- 
tioo  of  the  Tcil'Qe'uk  it  became  necessary,  then,  to  adopt  sooie  artificial 
mwins  by  which  the  personal  and  family  units  might  retain  their  individu- 
ality in  the  tril>al  economy ;  and  as  pictorial  representation  of  a  person's 
mVm  was  commonly  employed  to  decorate  his  belongings,  tliis,  as  a 
personal  and  family  mark,  may  well  have  \yeen  adopted  to  supply  the 
means.    At  any  rate,  however  we  may  regard  the  associatiijii  and  identi- 
fication of  the  individual  with  the  representation  of  his  su'lia  to  have 
cone  aboat^  we  see  that  among  the  HalkOme'lBm  tribes  the  idea  of 
s  perBonal  distinguishing  crest  has  been  evolved  from  the  earlier  and 
smpler  pictographio  emlnem  of  the  su'lia.   From  the  personal  and  family 
ciest  is  but  a  step  to  the  clan  crest  or  totem  ;  for  the  totems  of  our 
northern  tribes  are  little  more  than  ^mbols  of  unity,  binding  together  by 
common  possession  the  membere  of  a  gens  or  clan.    The  clan  is  hut  a 
collection  of  families  ;  and  when  from  any  cause  or  purpose  an  association 
of  families  or  gentes  took  place,  it  remained  only  f<  tr  the  strongest  and  most 
influential  of  these  to  absorb  or  adopt  the  rest,  according  to  Indian  custom, 
to  give  rise  to  the  clan  crest  or  totem.    That  this  was  done,  and  that 
unalgamation  of  groups  of  families  or  communities  took  place  among  the 
aott&m  tribes,  we  may  clearly  gather  horn  the  abandonment  of  so  many 
of  thdr  lormer  village  sites,  as  well  as  from  their  own  traditions.  Within 
these  clans  every  gens  had  its  own  totem  or  totems  or  personal  crests  ; 
sad  that  these  are,  among  the  northern  tribes,  commonly  animals  does 
not  in  the  least  militate  against  the  view  of  their  origin  here  taken.  It 
is  but  a  higher,  more  advanced  form  of  the  su'liaism  of  the  interior  Salish 
and  the  Eskimo  tribes  to  the  north  of  them,  among  whom  the  animal 
mlia  is  also  commonly,  though  not  exclusively,  found,  and  is  quite  in 
accordance  %vith  the  natural  evolution  of  primitive  philosophy.    On  both 
aides  they  are  surrounded  by  tribes  in  the  stages  of  fetishism  or  su'liaisra, 
some  of  which  have  risen  to  the  concept  of  the  personal  or  family  crest  or 
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totem  ;  and  when  we  know  more  of  the  ^roundivork  of  the  beliefs  of  tlx? 
Haida,  TliDgit,  and  Tsimshean,  as  evidenced  in  their  toteniic  systems,  *e 
shall,  I  am  convinced,  find  that  it  does  not  differ  in  any  essential  featiiK 
from  tho  leliihiBm  and  snIUdam  of  \h»  tieighboaringaiidyiii  tbeto  reepecta, 
more  primiti?e  tribes.^ 

Next  in  rank  to  the  BQslft'^m  came  the  (ytHa,  One  of  his  daiies  wai^ 
as  I  have  intimated,  to  dress  and  cure  wounds  and  other  external  injariei. 
His  chief  function,  however*  was  to  interpret  dreams  and  yiaioiiSb  as  his 
name  indicates.  He  was  specially  skilled  in  the  reading  of  omens  and 
portents.  Other  of  his  fuTictions  were  to  take  charge  of  the  bodies  of  the 
dead  and  prepare  them  for  })urial,  and  protect  the  people  from  the  evil 
influence  of  the  jxVakdr  tsn^  or  ghosts  of  the  dead.  Only  an  O'lia  mi^^ht 
venture  to  handle  <ir  have  any  dealings  with  a  corpse  or  its  paJ<Lkut  Ua, 
He  was  able  to  see  and  hold  communion  with  the  latter,  who,  it  was  sup- 
posed, nightly  haunted  the  bnrial-groonds.  The  people  were  eopsegoMtly 
warned  to  keep  away  from  sncfa  plaeei^  espedsUy  after  reosnt  burials. 
The  (Vllafigared  alio  in  the  puber^  and  other  aocul  customs  of  the  trihe. 
Last  in  rank  came  the  yeu'iva,  the  witches  or  wimrds.  These  dealt  in 
seu'uxif  or  witchcraft.  I  have  dewribed  in  my  notes  on  the  neighbouring 
Pila'tlq,  given  below,  how  this  was  osaally  effected,  so  that  it  will  bs 
unnecessary  to  repeat  it  here. 

Mortuary  Customs. 

The  burial  customs  of  the  Tcil^Qc'uk  difler  in  detail.tem  those  already 
described.    I  was  able  to  gather  the  foliowing  concerning  them.  As 

soon  as  the  breath  has  left  the  body  one  or  tnore  <»'lia  immedintelv  carrv 
it  outside  the  house.  The  longer  a  corpse  remains  in  the  house,  the  more 
difficult  it  becomes  to  drive  away  the  pafakHe'tsa^  whose  presence  is 
inimical  to  the  survivors.  The  o'Ua  then  wash  and  paint  the  l3<»dy  all 
over  with  red  paint ;  after  which  it  is  doubled  up,  bound  in  a  mat  or 
blanket,  and  bornO  away  to  the  family  vault  or  corpse-bux,  if  the  hour 
of  noon  has  not  pasnod.  Should  a  death  occur  after  noon,  ^  body  is  laid 
apart  %y  itself  some  little  distance  from  the  house  till  sunrise  next  morn- 
ing. This  is  the  most  propitious  hour  of  the  day  for  disposal  of  the  dead, 
the  palakoe'tsa  then  having  all  retired  to  shade>iand.'  The  corpse  among 
the  Tcil'ge'uk  was  usually  stowed  away  in  a  large  box  or  coffin,  the 
members  of  the  same  family  hein;;;  laid  side  by  side  in  it.  On  the  exterior 
of  this  were  painted  tlie  family  crests  or  totems,  called  mlu'tla  (collective 
of  su'lia)  =  '  the  dream  objects.'  Among  these  figured  the  bear,  goat,  and 

'  In  view  of  the  recent  discussions  on  totcmlMTt  it  is  important  to  remember  thai 
the  totems  of  cor  northern  tribes  are  merely  crests,  i.e.,  viilblssymbolsof  anitycltlis 

gens  or  clan.  It  is  the  common  possession  of  the  privilppos  nnd  powers  the  o"wrcr> 
ship  of  these  implies,  not  a  belief  in  a  common  do^oent  from  ti.eir  pTOtotypi-.'i,  which 
biud:;  together  the  individual  members  of  the  geus  or  clan  la  a  mjbtic  union  and 
brotherhood. 

'  It  is  difficult  to  obtain  any  coherent  statement  from  the  natives  reirardincr  their 
beliefs  or  concejitinns  of  the  after-life.  An  Individual  possesses,  it  seems,  two  kind* 
of  bodies,  one  visible  and  tangible,  the  other  visible  only  to  an  o'lla.  Tliis  latter— 
which  is  given  to  hanntiDg  the  sosnes  of  its  earth-lifs,  and  is  specially  sttnetsd  bf 
its  former  personal  belongings,  such  as  clothes,  tools,  utensils,  Jcc.  (hence  the  genen! 
disposal  of  these  with  or  about  the  corpse  in  burial)— seems  to  be  differeiit  a^ain 
from  the  soul  or  spirit  with  which  the  SQEl&'m  deals,  and  which  goes  to  live  in  spint- 
land.  IhavvfonndiiTsa^dilBoaltithiu&r,  togetanjdsarordafiiritalm^ 
if  sash  stislSt  on  tbsse  poiats 
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beaver.   Honuui  effigies  roughly  carved  in  wood  were  alao  Mmietimai 

placed  near  by,  similar  to  those  found  among  the  N'tlaka'pamug.  These 
family  sepulchres  differed  somewhat  in  shape  according  to  the  social 
position  of  their  owners.    Those  of  persons  of  rank  and  wealth  were 
contained  in  a  boat  like  receptacle,  the  ))o\  bting  placed  in  the  centre. 
Those  which  accomra<xlated  the  reniains  of  the  meaner  folk  were  usually 
roagh  rectangular  boxes.    Four  days  after  the  disposal  of  the  corpse  all 
who  had  taken  part  in  the  ceremony  bathed  themaelvea  and  out  their 
bftir.  Thef  did  not  cot  tiie  ludr  eqnallj  all  nmnd  their  beada.   On  eadi 
side  of  the  head  it  waa  cnt  aa  far  back  aa,  and  on  a  level  with,  the  ean ; 
beyond  this  only  the  tips  were  out.   The  surviviog  hnaband  or  wife  never 
cut  his  or  her  hair.    Among  the  TcirQe'uk  the  severed  hair  was  never 
burnt,  as  among  the  neighbouring  Pila'tlq.    To  do  this,  they  believed, 
would  cause  the  death  of  those  whose  hair  was  thus  destroyed.    It  seems 
that  they  held  that  things  destroyed  by  fire  lost  the  essence  of  their 
being,  their  '  spirit '  forms.    With  them  the  hair  was  always  carefully 
buried  in  some  spot  where  Nature  was  full  of  life.    This  would  make  the 
owners  of  the  severed  hair  safe.   All  those  who  took  part  iu  the  mortuary 
cMDoniea  were  given  ' medieine'  bj  the  olUi  to  proteet  them  from  the 
ivQ  inilnenoe  of  tiie  oorpae.   All  but  the  rehttivea  of  the  deoeaaed  were 
ptid  for  their  attendance  and  service  by  blanketa.    If  the  immediate 
relatives  of  the  deceased  were  persons  of  wealth,  a  feast  would  be  held  on 
the  return  of  the  party  from  the  bunal-grounda.   If  thej  were  poor,  this 
would  be  held  at  a  later  date.    It  was  customary  among  the  Tcil'Qe'uk 
for  friends  of  the  mourning  family  to  bring  blankets  and.  lay  them  on  the 
dead  body.    When  the  mortuary  feast  was  given,  all  those  who  had  thus 
made  presents  were  paid  double  of  what  they  had  given.    The  Tcil'Qe'uk 
W  a  peculiar  custom  of  tearing  off  the  edges  or  selvage  of  the  mats  and 
Usokets  used  by  the  deceased  person.    This  was  done  to  ensure  the 
ttfrty  of  the  aarwiving  relatiwea  ukl  break  the  power  or  inflnenoe  of  the 
fiUMimL  After  the  death  of  a  wife  the  hnaband  must  waah  hia  whole 
body.  If  thia  were  not  done  hia  next  wife  would  ahortly  die.  In  per- 
forming  his  ceremonial  ablutioDa  he  must  be  careful  not  to  waah  in  a 
stnam  frequented  by  salmon,  or  they  would  shun  the  stream  ever  after. 
He  most  also  abstain  from  all  food  for  at  least  a  day,  and  eat  sparingly, 
with  his  face  turned  away  from  everyone  else,  for  a  further  period  of  ten 
or  twelve  days.    His  food  for  the  tirst  four  days  was  mainly  '  meflicine 
made  from  herbs,  ttc.    Much  the  same  rule  applied  to  a  survivin^^  wife. 
She  luu&t  also  bind  her  wrists  and  ankles  with  biinds  of  wool.    It  was 
ilw  believed  by  the  Tcil'Qe'uk  that  if  the  surviving  husband  or  wife  bit 
off  piaeaa  of  fidi  and,  while  ehewing  it»  uttered  the  name  of  the  deoeaaed, 
W  or  she  would  ahortly  die.  After  the  body  of  the  dead  peraon  had  been 
feikaD  from  the  house,  the  olb  would  take  quantitiea  of  the  down  of  bul- 
mshes  and  apread  it  all  over  the  bed  on  which  the  deceased  had  lain. 
He  would  then  set  fire  to  it,  and  beat  the  bed  and  walls  and  surviving 
relatives  with  sqoVp  (spruce  branches)  to  drive  away  the  sickness  and 
ghost  of  the  dead.    At  certain  times  the  sQEla'm  would  call  for  mortuary 
sacrifices.    These  were  always  conducted  at  sunrise.    Everyone  wlio  had 
buried  a  relative  or  friend  would  assemble  at  the  place  appointed,  and 
bring  with  them  a  quantity  of  choice  food  and  other  gifts.    Thetc  were 
all  given  to  the  SQEl&'m,  who  placed  them  on  a  circular  table  or  platform 
jraeted  lor  the  porpoae.  In  the  centre  of  the  oirole  a  large  five  waa  built ; 
n^ween  the  fire  ana  the  fur^H^g  table  waa  ian  intemning  spaoe;  Thia 


Digitized  by  Google 


366 


BSPOBT — 1902. 


was  for  the  SQEla'm,  the  people  all  standing  round  outside.  Wbeo  all 
is  ready  the  S^Ela  ni  enters  this  ring,  and,  taking  up  portions  of  m 
offerings,  throws  them  into  the  fire,  offering  them  as  he  does  so  to  the 
manes  of  the  departed,  ^\'ilat  is  left  of  the  presents  after  the  oderiiigs 
haye  been  nuide  is  distributed  among  the  people.  The  names  ol  dsoval 
persons  were  never  uttered  in  the  hearing  of  thdr  relatives.  TImj 
maotically  tabooed  till  given  to  some  of  wo  survivors  later  at  sobbs  bhm- 
leasth  Slaves  were  never  killed  at  the  death  or  burial  of  their  ovien 
among  the  Tcil'Qe'uk.  Thej  were  sometimes  sold  to  defray  tbe  SKpwt 
of  the  mortaary  feast. 

In  most  of  the  ceremonies  of  the  Halkome'lEm  tril)e8  the  eniLlemi  f 
tlie  S(joL(i/jl  play  iin  important  part.  At  the  birth  of  a  child  it  was  tkt 
ambition  of  most  parents  to  have  one  or  more  of  the  members  of  thi* 
brotherhood  or  totem  present  to  perform  the  sqoi^aqi  danee,  and  seesit 
for  the  child  the  protection  of  this  powerful  'medicine.'  *  A  child  whw 
bdrth  was  celebrsted  by  the  Sqoi'aql  was  made  thereby  a  person  of  socisl 
importance.  It  entitled  him  to  rank  later  among  the  notabilities  of  the 
tribe.  Part  of  the  birth  ceremony  consisted  in  the  formal  washing  of  the 
infant  by  the  Sqoi'aql.  It  was  during  the  birth -feast  that  the  ears  of  the 
child  were  pierced  for  earrings.  Tlie  piercing  was  done  by  means  oi  a 
pointed  piece  of  pitch-pine,  the  wood  beinEj  left  in  the  hole  to  prevent 
it  from  closing  again.  The  task  was  always  performed  by  skilled  persoai. 
who  were  paid  for  their  services  by  gifts  of  blankets.  The  pads  or  bamd* 
fur  deforming  the  child's  head  were  also  applied  on  these  occasions. 

Pubertjf  Cuitcmt, 

I  did  not  gather  mnch  eonoeming  the  cnstoins  praetissd  by  yoatis  oa 
leaching  na^iood.  They  went  imart  by  themselveB  lor  a  loaser  cr 
shorter  time,  and  fasted,  and  bathed  and  eacercised  their  bodies  tiU  ikef 
had  acquired  their  su'lla.  When  a  girl  reached  puberty  sihe  hsd  to 
undergo  a  four  days'  seclusion.  For  the  first  two  days  slie  must  shstsia 
from  foo<l  of  any  kind  ;  after  this  she  might  eat  a  little  dried  salmon, 
but  no  fresh  meat  or  roots.  After  the  fourth  day  the  girl's  face  wa* 
paintetl,  and  she  was  permitted  to  walk  abroad  for  a  little  distance  in 
charge  of  some  woman.  On  her  return  four  o'lia  would  meet  her  and 
dance  round  her,  each  holding  a  salmon  of  diflferent  species  in  his  haiii 
When  tliis  ceremony  was  over,  she  was  taken  to  a  lake  aad  made  to 
undergo  a  eeremomal  washing  and  cleansing.  She  was  nev«r  alkved  Is 
enter  a  stream  freqnented  sahnon,  or  ttiey  woold  ahnn  ^  sbsMi 
thereafter.  Throognont  the  four  days  of  her  seclusion  she  was  fcsft  buf 
in  making  yam,  as  among  the  Sk  qo'mic.  While  her  mcmsss  an  «p<s 
her  a  woman  most  never  eat  hot  or  fresh  foods. 

Mythology, 

The  great  transformer  and  wonder-monger  of  the  TcirQe'uk  wu 
called  by  them  QkqqUb.   This  is  apparently  the  collective  form  of  the 

1  I  have  given  below  the  PUa'tlq  account,  which  is  the  fullest  j«i  obtafaMd,al 

the  oripfin  of  thepc  emblems.  Apparently  all  the  Halkomr'lEm  tribes  held  member?" 
of  this  totera,  who  were  entitled  to  the  use  of  its  trmblcms.  Am^  nj:,'  the  K'w^'ntlEn 
as  many  as  300  of  them»  I  was  informed,  would  assemble  together  at  some  of  tbdr 
■smlsg^fMSta  FromthisikisclfiSfftheteBthflihoodcrlBeMi«as««tanslM. 
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commoner  Qals  of  the  other  tribes.  I  was  not  able  to  pi  th  or  mooh  oobp 
ceming  his  doings  among  them.  Thoy  apparently  invoked  him  in  prayer 
at  times.  The  Tcil'ge'uk  formerly  possessed  a  large  stone  statue  of  a 
haman  being.  It  was  owned  i->y  a  certain  family,  and  w.vs  taken  to  the 
neighbouring  Sumas  tribe  by  a  woman  whd  marrifKl  into  that  tribe.  The 
8t.atue  weighed  over  a  ton,  it  is  said.  A  few  years  ago  some  enterprising 
person  bought  it  for  a  small  sum,  and  sliipped  it  into  Washington  State, 
whoTO  it  fii^ued  for  a  time  in  a  'dime  moBenm.'  It  has  anoe  found  ite 
way,  I  bebeve^  to  the  Field  Golnmbiaa  Mmenm  at  Ghioaga  Thii  itatne 
was  laid  to  be  the  work  of  QuiK'ls,  who  one  daj  paming  that  way  aaw 
a  man  and  his  wife,  who  in  some  way  riiiplflaeen  Jnm»  Md  wm  In  eon- 
seqnettoe  tranaformed  into  stone  statues. 

MyUUcal  Aoemmt  of  tM  Origin     ths  Si'yak. 

In  sahnon-fishing  the  Tml'Qd'iik  mostly  used  theji'yoA,  or  salmon- weir. 
Thsj  believe  their  ancestors  were  taught  how  to  construct  this  by  Td'mia, 
the  wfen.  He  instructed  them  on  this  wise.  He  bade  the  limbs  of  the 
young  cedars  {Thn^/n  fjujantea)  twist  themselves  into  withes,  and  stout 
branches  to  sharpen  one  of  their  ends  to  a  point  and  place  themselves 
firmly  in  the  bed  of  the  stream  in  the  f<irni  of  a  tripod,  fastened  at  the 
top  by  the  withes,  two  feet  being  down  stream  and  one  up.  He  then 
called  upon  other  b<:>ughs  to  wattle  themselves  iu  the  lower  legs  of  these 
tripods,  till  the  weir  or  dam  thus  foimed  spanned  the  whole  stream ;  at 
the  €oot  of  whkh  the  asfanon  soon  oongregated  in  great  numbers.  He 
bide  the  people  make  their  sahnon^weirs  thereafter  in  like  manner. 

OrvMi  ofikB  Thaatl  Su'iUt, 

There  was  once  a  youth  who  wai»  undergoing  his  puberty  rites,  and 
seeking  his  m'l^  m  the  margin  of  'Ooltns'  Laka  This  lake  was  the 
sboda  of  SlalaJnun  («.«.,  supematnral  water-people  who  liired  at  the 
bottom  of  lakes).  One  day  he  took  a  stout  buckskin,  and  piereed  it 
vith  many  pointed  bones.  This  lie  fastened  about  him,  and  taking  a 
large  stone  to  weight  himself  with,  jumped  into  the  lake.  He  quickly 
lank  to  the  bottom.  In  his  descent  he  came  down  upon  the  rool  of  the 
Slalakums'  dwelling.  The  inmates  were  disturbed  by  his  fall,  and  went  out 
to  see  what  had  happened.  They  found  the  young  man  t  hei  e,  and  carried 
him  into  the  house.  Presently  he  came  to  himself,  and  looked  al)out  him. 
Aruon£^  the  Slalakum  present  he  perceived  some  who  were  sick.  Their 
&icknes6  had  been  abused  by  his  spitting  in  the  lake,  and  by  the  aslies  of 
his  tire  dropping  down  upon  them.  He  wiped  away  the  spiUie  and  ashes, 
lad  tJtOB  healed  them  of  their  siokneni ;  and  in  retom  forhisserrieesthey 
gave  bin  the  Tluke^l,  an  olgeet  resembling  a  long  stoat  ioide.  He  stayed 
with  the  Slalakum  a  little  while,  and  then  returned  to  the  sarfsoe  of  the 
lake  again,  tskiiig  his  mystio  liuke'l  with  him.  When  he  got  home  all 
the  people  at  the  sight  of  him  were  taken  sick .  He  healed  them  all  with 
his  Hukelj  and  became  a  great  SQKla'm.  He  was  specially  able  to  cure 
those  who  fall  ill  from  contact  with  ;i  Slalakum.  The  tidings  of  his 
adventure  and  the  fame  of  his  skill  spread  among  the  surrounding  tribes, 
and  a  man  of  theNEk  a'mEn  tribe  determined  to  visit  *  Cultus '  Lake  and 
seek  similar  or  greater  powers  for  himself.  Accordingly,  in  company 
with  a  friend  to  assist  him,  they  set  oat  for  the  lake.  They  managed  to  get 
there  witfaoat  the  knowledge  of  the  Tcil'Qo'uk  people,  in  whose  territory 
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tiia  Ukke  lies.  The?  had  taken  with  them  a  stout  at«qim  (rope).  They 
got  out  to  the  middlo  of  the  lake,  and  the  nuui  who  sought  to  vmt 
the  SleUkam  tied  the  rope  about  his  body  and  jumped  into  the  water, 
btdding  tlie  other  pay  out  the  slack  as  he  descended.  He  carried  a  Ing 
stone  with  him,  and  this  caused  him  to  sink  quickly.  When  he  had  been, 
down  a  good  while  the  other  grew  impatient  and  pulled  up  the  rope,  at 
the  bottom  of  which  he  was  horrified  to  see  the  skeleton  of  his  com* 
panion.  He  had  been  devoured  pieoemeal  by  tlie  ilA  of  the  lake.  Greatly 
mghtened,  the  sanriTor  htmiedly  packed  up  the  skeleton,  and  made  hie 
way  home  again  as  fut  as  he  could.  Deterred  by  the  shocking  fate  of 
this  man  no  one  tboreafler  sought  to  pay  a  second  visit  to  the  Sialakuna 
of*  Coitus 'Lake. 

M^tk  of  Uu  Kwdkwili'Ua,  or  *  BUmktUtatmg: 

Ia  the  very  early  days  of  TeQ'Qfi'uk  history  the  people  were  onoe 
snlTering  greatly  from  famine.  Leaving  the  women  and  children  at  hom« 
the  men  went  down  towards  the  mouth  of  the  river  to  seek  for  ■^^mwi. 
When  they  had  gone  some  miles  down  the  stream  they  made  a  dam  or 
weir,  and  were  successful  in  taking  a  few  salmon.  One  of  the  lads  with 
the  men  then  wanted  to  run  back  and  toll  his  mother.  But  this  the  men 
would  not  allow  ;  they  were  determined  to  abandon  the  starving  women 
and  chUdren.  But  of  tliis  the  lad  disapproved,  and  determined  to  let  hie 
mother  know.  Bo  he  slyl^  took  some  salmon  eggs  and  bound  them  to 
his  leg  by  means  of  a  piece  of  bark.  He  next  Ijegan  to  run  after 
butterriies.  and  he  followed  one  till  he  got  out  of  the  men's  sight,  and 
then  made  straight  fur  home.  On  reaching  there  he  straightway  told 
his  mother  what  bad  happened,  and  what  the  men  intended  doing.  The 
mother  called  together  the  other  women  and  communicated  to  thran  what 
she  had  learnt  from  her  son.  Upon  hearing  of  the  selfishness  of  their 
huslmnds  they  became  greatly  enraged,  and  all  took  pieces  of  bark  and 
beat  the  couches  of  their  husbands  with  them.  They  do  this  kind  of  thing 
only  when  they  are  very  angry.  The  action  has  apparently  some  occult 
import,  the  nature  of  which  1  could  not  gather.  After  this  they  took 
the  Ua^ets,  paint-boxes,  and  fsathers  of  weir  husbands,  and  started  off 
to  seek  them.  As  they  approached  their  husbands'  camp —ever  since  named 
jfcto«jfcwyt/i'/«a=*  beating  blankets,' in  memory  of  the  incident— they  beat 
the  blankets  of  their  husbands  with  sticks,  and  with  loud  voices  invoked 
Qrq&'Is  to  transform  their  husbands  and  never  let  them  come  home  again. 
Presently  the  men  heard  the  din  the  women  were  making,  and  seeing  their 
feathers  ikiating  towards  tiiem  on  the  air,  one  said :  *  Somethmff  ia 
going  to  happen ;  I  see  my  feather  in  the  air.'  *  And  I  mine,'  said  ano&er. 
Each  man  then  saw  his  paint-feather  floating  towards  him.  They  then 
culled  upon  the  painter  to  quickly  paint  thom.  He  complied  with  their 
request,  and  hurryiiit,'  at  his  task,  painted  one  as  a  wild  goose,  another  as 
the  white-headed  eagle,  and  another  as  the  woodpecker,  and  others  as 
something  else.  Meanwhile  the  angry  wives  were  drawing  near.  The 
paintor  no  longer  stopped  to  mix  his  colours,  but  painted  the  remainder  of 
the  men  some  all  black  and  some  all  white.  The  women  were  now  upon 
them  ;  and  QEQa'ls,  in  response  to  their  prayer,  transformed  the  painted 
men  into  birds.  Thoy  all  flew  off,  and  came  together  again  on  the  Fraser 
near  the  Indian  village  of  Oha  mon.  Hei-e  thoy  met  with  Sk'lau',  the 
Beaver,  who  told  them  of  the  land  of  the  Salmon  people,  and  promised 
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to  go  and  get  the  aabnon  for  them,  and  thus  help  them  to  make  peace 

with  their  wives  again. 

From  this  point  the  story  closely  resembles  that  told  by  the  Pil  i'tlq 
regarding  the  origin  or  presence  of  the  salmon  in  their  waters,  which 
I  have  recorded  below.  It  will  be  unnecessary,  therefore,  to  repeat  it 
bere^ 

The  Teil'Q6'nk  seem  to  poasess  but  few  folk-tales,  or  else  they  have 
forgotten  them,  the  above  being  all  I  waa  able  to  gather  from  my  dif- 
ferent  informants.  They  are,  however,  a  most  interesting  people,  and 
the  study  of  tlieir  customB,  beliefs,  and  language  has  been  both  profitable 

and  instructive. 

LINGUISTIC. 

In  Dr.  Dons's  brief  notes  on  the  HaIkr»me'lEm  tribes  of  the  Fratser  ho  does  not 
treat  of  their  language  at  all,  except  to  call  attention  to  the  fact  tlmt  it  is  dialecti- 
cally  allied  to  the  Kau6'tcin  of  Vancouver  Island.  He  reumrkis ;  'The  language  as 
spoken  on  Vancouver  Island  [i.e.^  the Kane'tcin]  and  on  mainland sbowsfllight 
dialectic  <lifTercncc5,  tlic  most  striking  ones  being  the  general  Hubstitntion  of  /  for  n, 
and  of  d  for  «  on  1-  rui>er  liiver.' '  In  making  this  very  general  statement,  Dr.  Boas 
is  slight^  in  error.  He  has  forgotten  that  a  TOoaboIjuT  of  one  of  the  most  important 
and  extensive  of  the  River  tribes,  the  Kwa'ntll:n,  has  bcm  given  in  the  Compjirat ive 
Vocabularies  of  Dawson  and  Tolmie,  in  which  this  substitution  Idnds  no  place  at  all  as 
far  as  the  interchange  of  n  and  /  is  concerned,  and  Tery  little  as  regards  the  vowels ; 
and  my  own  more  detailed  invest i(rations  confirm  the  accuracy  of  these  investiga^ 
tions.  There  are  more  important  dialectical  ditferencos,  too,  than  the  interohangea 
mentioned  by  Dr.  Boas.  These  will  be  brought  out  in  their  proper  place  in  mj 
treatment  of  the  HalkOme'lsm  dialects. 

In  chooHingtho  Kwa'ntlEn  and  the  Tcil'Qc'uk,  as  I  have  in  thi=;  report,  to  illnstrat.- 
the  speech  of  the  HalkOme'lEm  tribes  of  the  Lower  Fraser,  1  was  inUuenced  by  the 
foDowing  ooDsideiations.  In  the  first  place,  the  Kwa'ntlBn  ai^  or  rather  have  been, 
one  of  the  most  powerful  and  extensive  of  the  Kiver  tribes,  and  their  dialect  seemed 
to  present  some  special  and  interesting  features  worthy  of  attention ;  and  in  the 
Moond,  the  Toil*Qrnk  were  reported  to  have  formerly  spoken  a  non-llalkome'iism 
tongue.  It  seemed  wise  to  me,  in  view  of  this  fact,  to  search  for  linguistic  evidence 
of  this  report,  as  a  confirmation  of  it  might  throw  light  incidentally  upon  othtt 
important  questions. 

I  n)ay  remark  in  passing  tJiat  thns  far  no  systematic  attempt  to  elttoiclate tbft 
dialectical  peculiarities  of  the  HalkOme'lEm  speech,  outside  of  my  own  efforts  has 
been  made  as  far  as  I  have  been  able  to  learn.  A  few  hymns  and  prayers  in  Yale 
and  TeU*Q6'Qk  have  been  printed  by  missionary  effort ;  but  these,  ftuhioned  sb  they 
arc  for  the  most  part  rigridly  on  English  lines,  do  not  always  afford  the  student  a 
correct  or  satisfactory  view  of  the  language,  or  give  him  any  grasp  of  its  syntactical 
ptindplesand  peculiarities.  The  phonology,  too,  employed  in  these  productions  is 
painfully  lacking  in  nnifcimity,  as  well  as  otherwise  falling  short  of  wliat  one  ooald 
desire. 

In  this  connection  I  would  like  to  suggest  that  the  Indian  Department  at  Ottawa 
might  lay  linguistic  science  under  a  deep  debt  of  gratitude  if  it  woold  adopt  the 
plionetics  of  the  Reports  on  the  Xorth-We.^^tern  Tribes  of  Cana'l.i,  published  in  the 
annual  Reports  of  the  Birtish  Association,  which  are  employed  in  these  studies  and 
which  have  proved  themselves  to  be  fairly  adequate  to  their  task,  and  print  and 
circulate  them  among  the  niissinnnries  who  have  charge  nf  tlic  .-piritual  welfare  of 
the  Indians  throughout  the  Dominion.  I  am  given  to  understand  t  liat  tht  Depart- 
ment has  aslced  certain  missionaries  in  British  ColnmUa  to  make  vocabularies  of  the 
speech  of  the  tribes  amongst  whom  they  labour,  and  these  vocabularies  wonld  be 
intinitely  more  valuable  if  an  adequate  and  uniform  system  of  phonetics  wexa 
adopted  and  employed  by  the  compilers  of  them. 

In  the  compilmon  of  these not«s  I  have  followed  my  usual  practice  and  employed 
two  or  three  Indians  together.  I  have  found  this  to  be  imperatively  necessary. 
The  personal  diHerence  in  articulation  and  enunciation,  through  loss  of  teeth  or 
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tiMflMkUormation  of  some  voice  organ,  is  sometfiMB  TBry  great.  Moreover,  tlie  BpreaA 

and  use  of  English  among  the  Indians  is  very  seriously  affecting  the  {rarity  of 
the  native  speech.  Frequently  they  are  in  doubt  about  the  correctness  of  some  form 
or  phrase,  and  have  to  appeal  one  to  the  other  to  know  which  is  right. 

A  ready  the  order  of  their  wonls  in  the  sentence  is  undergoing  modificition  nnd 
api^zimating  to  the  fioglish  order;  while  the  analytical  tendencj  of  oar  'firgiTngfr 
is  dowly,  but  snrelj,  nndermining  their  ioflectioDal  pranominid  fomiM.  In  the 
mouths  of  the  younu'er  numbers  of  the  tribe,  who  have  learnt  English,  the  Indepen- 
dent pronouns  are  now  not  infrequently  employed  with  the  verb  where  only  the 
inflectional  formM  would  be  used  by  the  older  people.  In  the  course  of  collecting 
my  notes  one  of  my  informants  referred  repeatedly  to  the  (to  him)  undesirable  par* 
ticularising  character  of  the  native  speech,  the  simpler  forms  of  the  English  appealing* 
strongly  to  his  mind.  Certainly  this  man  was,  as  his  reflections  from  time  to  tixzke 
•howed,  more  fhan  mnally  tbongntfal  and  observant. 

Wherever  in  my  native  texts  the  order  of  the  words  follows  rloselv  that  of  thtt 
Englisli,  it  may  be  suspected  tliat  the  native  purity  of  the  language  has  suffered. 
I  was  not  coiBmently  alive  to  this  tendency  at  the  flrat  to  goiu^  wholly  against  It. 

As  my  studies  of  the  Kwa'ntlEn  j^ve  me  a  j^ood  opportunity  for  an  examination 
of  the  niceties  of  theJlalkOiue'lEm  verb,  1  paid  prcater  attention  tc  this  feature  in 
that  dialect.  In  Tcil'Qe'uk  on  the  other  hand,  I  liave  given  more  attention  to  the 
pronouns  and  demonstratives;  thus  malcing  one  stn^  oompleuientary  to  the  other. 
My  studies  of  these  two  dialects  have  made  rlear  to  me  many  points  that  were  ob- 
scure in  the  tik'qu'mic.  I  was  not  clear  on  the  function  of  the  important  particle 
kwa  (or  kw8  as  it  is  in  that  dialect).  There  is  no  doubt  that  kmtt  m  an  fnaeflaite 
article,  wliii  h  s.  i  ms  at  times  to  have  also  a  restricted  partitive  funrrinn  This  will 
be  illustrated  in  my  notes.  Other  pronominal,  demonstrative!  and  verbal  particles, 
common  to  the  flalieh  dialects  of  thw  region,  which  will  be  treated  off  in  their  proper 
ptacc.  have  also  been  better  iindezstood  and  their  leqwotive  fonctioDS  grasped  by 
my  studies  of  the  River  speech. 

The  Indians  most  useful  to  me  in  ray  studies  of  the  Tcil'qe'uk  were — •  Captain  * 
John,  chief  of  the  Sawil'le  sept ;  his  80a*iB-law,  *  Commodore,'  and  David  Sslft'kxtBn 
of  •  Cult  us  '  Lake.  I  also  desire  to  express  my  thanks  to  the  I^ev.  W.  Barraclough 
for  the  use  of  his  private  Tcil'Qe'uk  vucabuUuy ;  for  although  his  system  of  phonetics 
made  it  necessary  for  me  to  get  all  the  words  from  the  Induus  over  again,  his  list  of 
words  was  useful  to  me  in  many  \vay>.  and  w.t=  the  means  of  revcalinp  in  several 
instances  the  presence  of  synonymous  terms,  &ome  of  which  are  certainly  foreign  to 
the  Halkumi  iBm  tongue,  and  are  probably  sarvivals  of  the  older  Tcirge'uk  speech. 
My  best  thanks  are  also  due  to  Mr.  Suart  of  '  Cultus '  hak9  fat  inaaj  oonrleaias 
extended  to  me  during  my  sojonm  among  the  TcU'Qd'nJu 

PHONOLOGT. 

Vowels. 

1  as  in  English  ptn 

o  „  t.  pond 

5  ,t  „  t<me 

n  „  »  bttt 

n  „  „  hoot 

in  English  flowcT 

I)lPnTH<)N(JS. 

ai,  as  in  aisle  ;  au,  as  in  cnw  :  oi,  as  in  b^il ;  eo,  as  in  f^. 

I  found  the  vowel  sounds  in  Tcil'Qe'uk  quite  as  indeterminate  in  character  as  in 
fik'qO'mic.  The  long  vowels  are  more  troublesome  in  this  way  than  tlie  short  ones. 
In  the  month  of  David  8Bl&'kBuni  f ,  ai  and  ?,  as  also  9  and  mr,  were  constantly 
interchanging  in  the  most  bewildering  fashion.  At  first  I  was  led  to  tliink  the 
changes  must  be  due  to  some  law  of  vowel  sequence  I  had  overloolced ;  but  further 
study  of  the  subject  and  a  comparison  of  his  pronnndatlon  with  that  of  otiMr 
Indians  made  it  quite  clear  that  these  changes  were  due  to  no  such  law,  but  simply 
to  imperfect  and  slovenly  enunciation.  The  Indian  uses  his  lips  but  little  in 
spaeking,  and  this  liabit  aifects  the  clarity  of  his  utterance  and  causes  his  vowels 
to  iMk  preeiaioa  aad  dcflaiteiidn.   Xhe  short  vowels  mid  almost  uiyirfaiie  be 


a  as  in  Knglish  hot 


t» 

f» 

father 

»» 

It 

all 

& 

»» 

>• 

gnat 

e 

t» 

(1 

pen 

n 

n 

they 

£  as 
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sabetitated  for  each  other ;  indeed,  the  same  collector  will  Had  liiinself  Wiitiog  th0 
aama  word  sometimes  with  one  vowel,  sometimes  with  aaothoit 

Consonants. 

T  pointed  ont  in  my  notes  nn  Sk'qO'mic  that  onr  division  of  certain  consonants 
into  su^d^  and  sonants  was  not  applicable  to  that  tongue.  The  same  remarks  apply 
htm.  I  believe  I  should  be  quite  within  the  troth  if  I  asserted  that  the  speech  of 
the  coast  and  delta  Salish  possessed  neither  surds  nor  sonants  as  we  understand 
those  distinctions  in  English.  I  gravely  question  whether  their  t's,  k's,  s's  and  p's 
•re  aeomatelj  represeniM  by  our  surds  t,  k,  s,  and  p  (/they  do  not  possess  at  all, 
nor  its  corresponding  sonant  v).  They  seem  rather  to  occupy  an  intennediate  posi^ 
tion,  and  partake  of  the  quality  of  both  surd  and  sonant.  At  times  this  is  plainly 
dtoceniible,  and  one  Is  at  a  loss  to  render  the  sound  aoonrately.  In  the  tribal  namo 
of  the  Kwa'ntlEn,  for  example,  the  k  is  certainly  not  our  k,  nor  is  it  better  rendered 
by  the  corresjx)nding  sonant  ff.  It  is  rather  a  rare  quality  of  sound  combining  both 
element  s.  The  native p  is  another  example.  Rarely  is  it  uttered  like  our  p,  and  still 
less  is  it  our  b.  It  can  only  be  described  as  something  between  the  two,  aod  most  btf 
heard  in  the  mouth  of  a  native  to  be  fully  appreciated.  The  native  pronunciation 
of  English  terms  makes  it  quite  clear  that  some  at  least  of  their  '  surds '  do  not 
oorrei^ond  to  ours ;  and  that»  altiKmgh  tiiej  have  no  sonants*  as  distinet  from  surds, 
in  their  own  speech,  they  yet  invariably  convert  a  surd  into  a  Hnnant  when  speaking 
English.  For  example,  David  calls  bacon,  ha^0H\  pit  he  calls  biti  and  bite,  hide. 
TmI  he  piononnoea  as  tsoX,  and  harrow  as  fmnrm.  These  are  bat  a  few  examples, 
bnt  th^y  ser>'c  to  illustrate  my  point : 

I  find  the  following  consonantal  sounds  in  Toil'Qe'ok 

t,  approximately  as  in  Enfrlish. 

t,  intennediate  between  our  t  and  d.   (I  do  not  distingoisb  this  from  the  other.) 
k,  approximately  as  in  Xngiish. 

k,  intcrmed  iat  c  bet  ween  our  k  and  |f.  (I  do  not  disUngoish  this  from  the  other*) 

k*,  palatised  Ic,  almost  ky. 

q,  as  0A  in  I0OA  In  broad  Sootdi. 

Q,  approximately  as  wh  is  ntteved  in  North  Britala. 

n  as  the  German  ch  in  teA. 
h,  m^  y,  as  in  English. 

n,  someCimee  ae  In  Bogliah,  iomefeimeB  with  a  suspicion  of  t  abont  it. 

It         tt  M        n  n  ti  %t         ^  n 

•»        M  .    »l  »•  »»  »*         *  »» 

as,  as  in  English  Al«f. 

rarely  as  in  English;  generally  intermediate  between  oar  ^  and  d. 
Cy  as  in  English  $h ;  initial  and  medial. 

as  M  in  the  word  thin ;  initial,  medial,  and  final, 
to,  as     in  the  word  ekurch ;  initial,  medial,  and  flnaL 
t««  af  in  Entjlish  Fitz  :  initial,  medial.  nvA  final, 
ki,  a.s  cl  in  the  word  climb ;  initial  and  medial. 

tl,  an  explosive  I,  approximately  like  the  2lin  WeUh;  initial,  medial,  and  finait 

si.  a.^  in  English  ;  initial  and  medial. 

kw,  as  j^v  in  the  word  quantity ;  initial  and  medial.  The  combination  of  these 
two  ooosonaats  oeeors  oftener  than  any  other  in  TdlVift'ak.  It  Is  the  predominating 

element  of  its  vocables.  Some  writers  treat  them  as  consonant  and  vowel.  I 
(»nnot  think  this  to  be  correct;  n>  is  here  as  much  a  consonant  the  k  is,  being 
followed  in  every  instance  by  a  vowel. 

Tlie  consonants  in  Tcii'<^e'uk  are  fairly  dc terminate  in  character.  Certain  of 
them,  however,  show  a  tendency  to  permutation;  to  and  u  are  periiape  the 
commonest  interchanges.  I  was  at  a  loss  for  a  long  time  whether  to  Write  the 
tribal  name  TcirQ^'ok  or  Tsil'Qc  uk.  lu  the  mouths  of  some  Indians  s  runs 
uniformly  into  e.  «,  7,  and  tl  are  also  common  interchanges.  To  mark  the  hiatas 
which  occurs  in  the  ntterincr  of  some  words  I  have  employed  the  apostvophio  sign, 
piaoed  over  the  word,  thus : — ^Tciro^'ak. 

AocmrT. 

Accentuation  is  as  marked  in  Tcil'Qe'uk  as  in  Sk  qfi'mic,  and  as  difficult  to  bring 
nnder  role.  The  most  general  rule  is  that  wiiich  seems  to  hold  good  throughout  all 
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the  Salish  dialects,  vis ,  that  the  accent  in  a  word  falls  oftenert  vpob  tbe  lylUfe ; 
containing  a  long  vowel.     In  TcirQf  'uk  tlie  accent  seems  to  play  an  imp'^rTant  ptfl- 
sometimes  in  the  m()<lification  of  the  sense  of  a  word.    Thus,  in  ihe  yeih  pttimt, 
to  ask,  the  accent  may  fall  upon  the  lirst  or  the  second  syllable.    When  it  falls  upoa 
the  lint  the  teim  oonreys  a  sense  diflEeieot  from  tJiat  it  possesses  wlien  the  incidence . 
js  upon  the  second.    Thus,  when  I  ^a.y  pK'tamit-tcil-tca,  *  I  will  a.-'k.'  I  mcnn  thai  I 
will  ask  'anybody'  ;  but  when  I  place  the  emphasis  upon  the  second  .^^yll  ible.  thts : 
pEtii'niit'tcil'tca,  it  signifies  tliat  I  will  ask  some  certain  person  I  have  in  misd. ' 
Again,  it  is  the  aoeent  that  marlrs  the  diffMrenee  between  oeitain  distrilmtivfB  nd  ; 
diminutives,  and  aupmcntativep  and  diminutives,  of  common  form.  Thus,  t5i:k  t5^'k-H!  , 
mraiis '  many  trees ' ;  but  ts£ 'k'tfiuk' at  signifies '  little  trees';  all'sQBUp^a  bif  QM| 
but  sllsv^E'tip,  a  little  tree. 

NUMBER 

Tcil'Qc'uk  doe^  not  api>car  to  pos.*<C!*s  a  true  plural.  Its  place  issuppLed  invsjiouf 
ways  ;  sometimes  by  distributiveb  and  colluclives,  which  are  formed  by  ampiiDcaticia 
of  the  stem  hj  redaplication,  epenthesis, or  diaeresis;  and  sometimes bj a loetl 

change  similar  to  that  which  takes  place  in  English  wlien  wo  convert  man  into 
/fx^f  mto/rrtt  kc,  more  rarely  by  aphaeresis  and  by  the  tise  of  a  term  ftlfTf""  ■ 
of  '  ubuntlance '  or  '  plenitude.'    The  foUowing  will  serve  as  examples : — 


man 

swc'ska. 

men 

slwe'fika. 

woman 

slull. 

women 

silsa'll. 

youth 

swe'wilns. 

yonths 

swft'wilns. 

maid 

k'Timi. 

maids 

k'a'lami. 

hor.so 

MEki'.'yd. 

horses 

stKlKko'yil. 

girl 

ku'k'ami. 

girls 

kakuiami  (dimisu- 

tives  of  k'^mi)i 

boy 

sweEku'tl. 

hoys 

wr.Eka'tl. 

son 

me' la. 

sons 

mrv'nsela. 

infant 

sku'kEla. 

infants 

ku  kiiku 

ehief 

sl&'m. 

chiefs 

yESl&'m. 

lEla'lEm. 

house 

la'lEm. 

hou!^es 

dog 

skwomai'. 

dogs 

sk  w  0  m  k  womai'. 

hat 

3  u'suk. 

hats 

ya'iisuk-. 

stone 

smUt. 

Stones 

BttBm&lt. 

rat 

haut. 

rats 

keq  haat. 

mouse 

kw&'tBL 

mice 

keq  kwa'tsL 

DIUINUTIVS8. 

l&'lEm,  honse ;  iBliI'm  and  le'lBm,  little  hoose. 

manq,  bird;  humauq,  little  bird. 

sta'lo,  river ;  sta'tElo,  rivulet ;  smftlt»  stone ;  semdie%  Utile  stonc^  pebble. 
For  othexf,  see  the  Vocabnlaiy. 

HBDUPLIOATIOK. 

Redaplication  plays  an  important  rdle  in  Tcil'Qe'ak,  as  in  the  other  Salish  dimlects. 
Besides  performingr  the  f nnotions  of  a  plural  it  eaptesses  also  intensity,  lepetitioa 

and  prolongation  of  verbal  action  ;  it  signifies  also,  as  we  have  seen,  diminotion  and 
its  opposite,  augmentation  or  increase;  also oollectivitj,  depreciation  oc iBfafioiitj* 

and  several  other  qualities. 

INSTBUMBKTAL  NOONS. 
The  familiar  Instmmental  noon  suffix  •^m  appean  in  Teil'Qi'iik  as  «^sJi  tbu  2-* 


mEseil-f  e?,  anchor. 
tsil'lis-/K2,  seat,  chaiTt 
au'q-i'f'i,  brush. 
cama'tis-^£/,  dagger. 
t1a'k-Q-fK/,  fish-nook« 
ekwe'-tKl,  ladder. 
pK'ts-fi-;/,  needle, 
mc'-tir^,  a  helper* 


cWum'txl^  belt. 
CKlEwE'tl-^K/,  borer, 
8tlukElB's-f£/,  battoil* 
cati:'k'-f  a7,  door. 
Bk'&n's-ticl^  kettle. 
ofitl&'kBls^  mat. 
gvtm'UiMl,  net 
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AQBNT  NOUNS. 

The  piellx  of  agency  nfiAf.  leen  in  tbe  8k*qo'mie,  appeftrsalio  in  (be  EalkomSIsm 
lialeeU.  In  Tdl'Qd'ak  we  iiiid  it  under  tbe  form  IfiAt,  thne : — 

Uiks-kwMIln,  or  Mi(«-mS'tla,  a  daBoev. 

/ffijt-krkKiri'k.  a  deceiver;  hlks-E'tcr.tc,  n  ^^ttitteter. 
lUti-abk'wA,  a  banter  i  iuAs-Bt^'iam,  a  sioger. 

Almost  any  rerb  of  action  may  take  thia  prefix,  and  thag  form  a  noun  of  this 
:lass;  but  the  same  idea  may  be  otherwise  cxpresse<l.  Thus  I  find  M'htKltU,  n 
ihooter,  from  ImmWh,  to  aboot ;  e'w£^H»  a  ^uide,  from  Owes,  to  guide,  dimct,  ur 
kntraet ;  aa'k*Mir«ai,  a  fleber,  from  sft'k'wal,  a  fish ;  and  InkBin'lttm.  a  diver,  from 
la'kBm.  to  diva  In  theee  latter  two  we  aee  another  of  tlie  f4le$  redn[4ication  playi 
i&Saliab. 


8TNTHBTIC  AND  INDBPBND8NT  NOUN  F0RU8. 

I  liafe  pointed  oat  in  prsvloos  reporta  that  synthetic  or  incorporative  noana,  as 

distinct  from  independent  nouns,  form  a  very  limited  cla^sn  in  the  Salish  tongues  of 
Britis}:  Colarnbia  ;  and  that  tliey  are  apparently  restricted  to  terms  expressive  of  the 
pan&  of  tbe  speaker's  body.  In  Tcil'tje  uk  these  are  generally  attenuated  forms  of 
tBecoewponaing  independent  aonne.  A  f^,  however,  are  formed  fiom  different 
:^  t?.  The  following  will  tJcr%  e  to  exhibit  their  uge  in  Tcil'Qr-'uk.  and  at  the  lame 
Um  iUoBtrate  tbe  particularity  and  riccty  of  certain  fonmof  expression : — 

'I  hurt  my  he^ '  (by  something  falling  upon  it,  such  fls  a  bough  of  a  treOt  &C.)» 
lAm-kwEl  gqaius  ;  here  the  noun  is  the  full  independent  form. 

'I  hurt  my  h^iad'  (by  passing  under  something,  such  nsa  low  doorway  or  l>ough), 
t&s.iliik-(cil  (synthetic  fonn,  abbreviatjsd  from  independent  form,  It'^Ek'Slak,  crown 

el  the  head"). 

'I  hurt  my  head  '  (by  accidentally  striking  it  on  (hf  -jroinul  as  I  iay  clowiO,  la^- 
4lak£l-lcil  (my  vocabulary  does  not  furnish  me  with  tiic  independent  furni  uL  ihi& 
ra). 

•  I  hurt  my  ear,'  tils  tel  k  wr»l ;  rrrbafim,  •  hurt  my  ear.* 

*I  hurt  my  left  ear,'  niauk'tl  tEl  skii'lla  (synthetic  form). 

'I  hart  my  right  ear/  mauk'tl  tEL  siii'ila  (synthetic  form). 

'I  hurt  boikh  my  ears,'  maak*tl  tBL  Ic'wOlkwdl  (independent  form  reduplicated). 

'To  wash  one's  face,'  SOij-otr-Em  (synthetic  form  extremely  attenuated.  This  root 
i»  seen  in  the  Interior  tongues),  fromSugii't,  to  wasli.  The  chanLTC  in  th<»  verb  from 
*ai  to  -urn  marks  the  verbal  noun  or  gerund.  It  has  also  a  cau^uiive  or  active  force 
vtai  tbe  objeet  is  spedfled,  as  here. 

'To  wash  one's  body,'  S«">Q-<7A.Em  (synthetic  form  extremely  attenuated). 

'  To  wash  one's  hands,'  6ogi^<tfi««xm  (^tbetic  form  seen  in  all  compounds  for 
'  tand '  or  '  fingers 

'To  wtsh  one%  feet/SOQ-Byil-Bm  (syntbetio  form  abbreviated  Itom independent 
fo«.tAe'B^). 

'  To  wash  one's  head/  SOQ^'sk-im  (syntbetio  form  abbreviated  from  independent 
&t€m,  keEk'Sluk). 

*Tbwuh  one's  back/  SOQ<5w6'to-sm  (syntbetio  form;  independent  form  wanting 
iBthe  Tocabniary). 

'To  wash  one's  chest/  SOQ-e'ltt-Bm  (synthetic  form  slightly  abbreviated  from 

iadependent  form,  bu'Ies). 

It  sboald  be  nnderstood  that  every  one  of  these  incorporative  expressions  could 
be.  and  often  are,  rendered  by  the  full  form  of  the  verb  and  the  full  independent 
QOOQ,  as:  SOQii't-tcil  tsl  tsE&'tsus,  I  wash  my  face;  Sogii't-tcil  tEl  ts'ke'Hyil,  I 
VMh  nj  feet,  dec,  kc,  but  the  incorporative  forms  are  the  more  elegant. 

OOMPOUND  TERMS. 

The  Icil'ge'uk  vocabulary  famishes  numerous  instances  of  this  class  of  word.  The 
■IKiM  oC  f^vmaMon  i«  very  similar  to  tiui^  whipb  obt>iiui  in  English. 
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compound  maj  be  formed  by  simple  juxtaposition,  hj  aggiuiiuatioD,  or  bj  forjn&- 
tive  elements.  Tbos : — 

tEmkwa'i  =  famine,  wrbMiin  '  period '  + '  hungry.' 

tBmkakft = flood         „       *  period  • + •  water '  +  •  water.' 

kElEtsEl  -  tn  swear  ♦  bad  '  or  '  ovil '  + '  mouth '  (latter  abbroviAtedV 

kakairyil  =  lame,  from  kakai,  '  sick,'  and  ts'kC'liyil,  '  foot.* 

BwC'Eka.'tl  =  youth,  from  hwcEka,  mau,  and  formative  particle  dtl,  elgmfjisg 

immataiity  or  jrouthfalneM.   

luksaha'wa  -  hunter,  from  ahfi'wa,  to  hunt,  and  Ifiks.  formative  particle 
frBtltEl  =  a  bailer,  from  ie'itcut,  to  bail,  and  the  instrumental  paxticle  tsL 


PARTS  OP  SPEECH. 

Tlicro  is  very  little,  if  any,  formal  distinction  in  Salish  between  the  various  part? 
of  speec  h.  As  the  noun  possesses  no  number,  no  cases,  and  no  formal  g^idex, 
and  the  verb  no  proper  conjugations,  tenses,  or  moods,  a  word  may  stand  witboet 
chaoge  of  form  for  almost  any  part  of  speech.  It  is  the  temporary  f nnelsoB of  s 
"worrl  in  a  sentence  that  pives  it  its  distinctivo  character.  Thus  the  same  W€td 
may  at  different  times  and  in  different  expressions  be  either  a  verb,  noun,  adjectiTe, 
adverb,  preposition,  ^c.  For  example,  the  equivalent  of  our  '  in '  in  Sk  qO'Bic 
is  O'it ;  thus,  tm  Urn,  *  in  the  house.'  But  in  the  following  senteooe  this  mm 
6'is  takes  on  the  function  and  the  iniporative  termination  of  a  verb.  Tha«: 
o'fS-ka  tt:Idtn,'goin  tlio  bouse.'  .^gain,  the  adverlis,  and  particularly  the  adferl' 
of  negation,  constantly  perform  the  fuuctiuns  and  take  uu  the  pronominal  aiki 
temporal  affixes  of  verbs.  Tbns :  kau^'Mk  mun-k'S^k-Dt^  *  I  will  not  strike  it ' ;  ssfislia. 
not-will-I  strike;  luiu'-it  nat-ko'hr.t,  'we  didn't  strik-;  it';  rrrhatlm.  not-we-vt- 
fitrike.  In  the  former  of  these  two  instances  the  negative  has  absorb^-l  the 
temporal  affix,  and  in  the  latter  the  personal  pronoun,  dropping  its  own  final  letter; 
ia/uq  being  the  foil  and  independent  f6rm  of  the  negative  in  Sk-qft'mle.  Bfsn  the 
pronominal  forms  share  at  times  the  functions  of  other  parts  of  speech,  and 
need  a  personal  article  to  pive  them  definit^ness.  This  is  peculiarly  the  cslsc  in 
regard  to  the  fonns  employed  to  indicate  the  third  person.  These  are  in  rauj 
instances  stUl  simple  demonstratives,  and  employed  as  snch  in  other  eoiMlmtioea 

There  are,  of  course,  certain  compound  and  other  terms  to  which  the^e  u'tr.^ra! 
remarks  do  not  appi)'.  There  is  ahso  a  very  interesting  class  f>f  nouns  which  diiier 
from  the  corresponding  verb  forms  by  the  addition  of  the  prefixed  »;biiact  i. 
These  are  apparently  gerandial  nonns.  In  Kwa'ntlBn,  in  particnlar,  thegecoiAti 
thus  regularly  formed ;  and  any  verb  may  apparently  be  converted  into  a  nota: 
with  verb  force  in  this  way.  Abstract  nouns  and  perfect  participles  are  fonneti  ir: 
Tcil'Qe'uk  by  this  means.  In  Kwa'ntlEn  the  ordinal  numbers  are  r^ularly  fonoed 
from  the  caidinals  by  prefixing  t  to  them.  In  Ntlaka'pamnQ  ne  find  mwsh  tk 
same.  The  following  ezamples  from  tbe^eil'Qfi'ak  will  be  fbnnd  interesting:— 


ft'wBs,  to  instruct 
mn'kwEtsEl,  tokies. 

k-au,  to  howl. 

hi'kKtl,  to  hiccough. 

c'tltBl,  to  eat. 

ai'tBl,  to  fight. 

lE'pitc,  to  send  (something^i 

u'lTa,  to  dream. 

turn,  to  shout. 

kwats,  to  see. 

pCls,  to  sow. 

kwElst,  to  stow. 

hiis'Em,  to  .sneeze. 

ke'Bqstsnlt,  to  slide. 


se'wBs,  instraction,  learning. 
smn'kwEtsEl,  a  kiss. 

sk'an.  a  howl. 

cl'kKtl,  a  hiccough. 

se'tltBl,  food. 

sai'tEl,  a  fight 

slEpitc,  thini:  sent. 

su'lia,  the  subject  of  the  dream. 

stam,  a  shout 

skwats,  sight. 

spels.  seed. 

skwElst.  a  stew. 

s'hii'sEm,  a  snoese. 

■kfi'BqBtsnlt,  a  slide. 


OBNDSB. 

Grammatical  gender  of  a  kind  is  found  in  Teirge'uk.  The  definite  srtkle 
possesses  distinct  masculine  and  feminine  forms.  Thus :  fa  (raase.),  the ;  $a  (Urn.), 
the.  In  •  certain  seoBO  the  demonstnitives,  which  m  oomponded  wi^  ite 
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definite  article,  may  also  be  said  to  posseas  fonnal  gender,  though  it  is  onlj  a 
botroinBd  one.  The  Mme  applies  alio  to  the  ■o*called  gender  m  the  posseirffie 

pronoun  of  the  first  person  singular  and  the  personal  pronoun  of  the  third  person. 
Rut,  strictly  speaking,  it  is  only  the  definite  article  which  possesses  a  formal  gender; 
tha  seeming  gender  of  the  other  forms  arising  from  their  coalescence  with  this. 
I  did  not  fmfy  nndnitand  this  hi  my  study  of  the  dk-qO'mic,  wheie  the  |iroBominnl 
and  demonstrative  gender  is  exactly  the  same  as  in  the  HalkOme'lEm  ton)^uos,and 
attribat«d  to  these  terms,  as  Dr  H  oas  had  before  me.  a  formal  (,'ender  of  their  own. 
This  is  olearly  incorrect.  They  poM»ei>s  no  true  gender  of  their  own;  in  every 
instance  it  is  the  presence  of  the  accompanying  article  or  demonstratiye  that  gives 
the  gender.  Thos,  we  say  tal  tMl,  my  mother;  tKl  mKm,  mj  father;  tM  to,  she; 
tK  h,  he;  #K  shi'Ji.  this  woman;  and  tn  la  rrv^'Eka,  this  man;  but  in  every  case 
we  arc  using  the  de&nite  article,  and  obtaining  our  formal  gender  from  it.  Every 
<me  ox  these  terms  is  compound ;  ssl  and  tsl  arc  sk  and  ts  compounded  with  the 
prnmwrinal  element  i  (the  n  of  other  Snlish  dialects).  And  in  the  «k  la  and  tx  la 
forms  we  have  the  same  sr  and  tE  compounded  with  the  adverbial  particle  In  (the 
no,  of  other  dialects).  These  latter  forms  stand,  as  I  have  said,  equally  as  pronouns 
of  the  third  person  and  aa  demonstratives.  Thus  it  is  clear  that  there  is  no  true 
pronominal  gender  in  these  Salish  dialects,  as  has  been  hitherto  supposed.  Kven  in 
the  tiZ-ila  or  tau'-tla  and  tau'-tla  forms,  signifying:  •  ho  '  and  *  she  '  respectively,  we 
have  the  same  definite  article;  thon<xh  its  closer  coalesconce  with  the  Other 
elements  uf  the  compound  obscures  its  presence  here  in  some  degree. 

Besides  tUa  formal  distinction  of  gender  by  nse  of  the  article,  we  find  the 
vnl  diMlnctlon  of  sepnmte  words  to  dawte  male  and  female ;  thos : — 


In  ipeakinp:  of  animals,  »ex  is  distinguished  by  placing  modified  forms  of  the 
terms  for  *  man  '  an<l  '  woman '  before  or  after  the  class  word,  thus  i-^ 

dog,  sw§we'nkn  slEwomsl' ;  Mtoh,  sIbsI&MI  skwomai'. 

In  speaking  of  birds  the  sex  is  marked  by  a  special  term  for  ti.e  male  bird, 
thn-^i-All  made  birds  whose  plumage  difl^erentiates  thfiu  from  the  female  are 
c«uled  by  the  term  tts'tHim ;  all  large  birds  whose  plumage  does  not  markedly 
diffratiate  tfaem  from  tilie  females  are  called  simply  sutaJI',  ^e  female  being  $Wk 
«4kl-  (mauk*  is  the  term  for  ♦  duck  ' ;  it  app>ears  to  be  a  generic  for  '  bird,'  as 
mVyitss*  deer  *  is  for  animal) ;  and  all  small  male  birds  not  markedly  differentiated 
by  damage  from  the  female  are  called  mc'smuk ;  the  female,  ild'U  mt'Kmuk. 

I  have  already  oaUed  attention  to  the  nnmeroos  r^Zss  reduplication  plays  in  the 
fislirii  tongues.  In  the  examples  used  here  to  mark  p^ender  of  animals  we  ha^  a 
notable  illostration  of  its  ehtstic  character.  The  reduplication  in  STreTre'KJta  carries 
«ith  it  a  sense  of  nobility,  greatness,  superiority,  might ;  while  in  sissid'U  it  carries 
the  opposite  tense  of  meanness,  smalineas,  infmority,  weakness.  These  distincliona 
are  ased  throughout  the  whole  ▼ocabolaiy.  Anything  that  is  large,  strong,  fine,  or 
excellent,  is  gnerre'Kka,  or  masculine;  anything  that  is  smaU,  weak,  mean  or  oon* 
^pUble,  is  tlMtldUf  or  feminine.' 


I  have  already  said  that  case  distinctions  are  wanting  to  the  Salish  tongues  of 
British  Cotnmbia,  and  the  TcU'ge'ak  presents  no  exception  to  this  mle.  The  relations 
expressed  by  the  case  endings  of  the  classic  tongues  are  supplied  by  particles,  as  in 
Si^lish  and  other  analytical  languages.  In  certain  oonstrnctions  the  noon  seems  to 


'  We  hare  here  a  fine  glimpse  of  the  primitive  mind  evolving  gendeial  distinctions. 
Under tlie  conditions  of  savage  life  any  other  view  than  that  taken  by  the  Salish 

tribesmen  would  seem  to  be  impossible.  Our  own  Aryan  ancestors  apparently  took 
vhe  tame  view,  for  our  grammars  of  to-day  speak  of  the  masculine  as  the  '  nobler 
goder.'  The  phrase  would  appear  to  be  an  nnconscions  zeminiscence  of  earlier  and 
nteeooditfiMisofttfe. 


ewSfAn,  man. 

swesk&'tl,  boy. 
swfi'wilus,  youth. 
mEm  or  msl,  father. 
Bwft'knfs,  husband. 


aUfh,  woman. 

ka'k  ami.  girl. 


k-'ft'mi,  maiden, 
tat  or  tKl,  mother, 
stftlns,  wife. 


0A8B. 
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take  on  modifying  snfBzes  pnppcsrive  at  first  sight  of  case  endings;  but  thia  fa  not 
really  so ;  these  terminations  are  merely  poeseuive  pronomiiial  saflSzee*  We  find  the 
WDM  thing  in  the  Oceanic  tongues. 

FB0N0UN8. 

PEItSONAL  PBONOI'N. 

Of  thete  th/^re  are  in  Tcil'Qr'uk  three  classes  :  the  indepomlent,  t!ie  inflectional  or 
copulative,  and  the  incorporative.    The  independent  personal  pronouns  are; — 

I,  me»  ts  c'lsa.  we,  us,  IK  tlu'mstL 

then,  thee,  tB  Ifla.  ye,  you,  tE  tlewo'p. 

Strictly  i^peaking,  the  corrcsponUinK  forms  employed  for  the  tbild  person  are  not 
pronoun?,  but  demonstratives  ;  but  I  add  them  here: — 

he  (near  the  speaker),  t£  la\  they  (visible  to  speaker),  ys  n'. 

he  (distant        speaker),  tB  li'  or  fi. 

he  (invi.sible  to  speaker).  kwM'.  tbey  (InTiaiUe  tOfpeaker),kwVft'tltSL 

she  (near  speaker),  sK  lii'. 

shu  (distant  frum  speaker),  sB  tsii'. 

abe  (invisible  to  speaker),  kw*  aft'. 

Be^ide^^  tliet>e  common,  re<:ular  forms  we  find  the  following  compoundi»  for  the 
third  persons:  Th'-tla  or  tau'-tla,  he,  him;  sD^-tla  or  mu'-tla  or  ^''tla,  she,  her; 
to-tla'-lKin,  fo-tla'-lKtn,  and  tlu'  hm,  they,  them.  The  usage  of  these  as  distinguished 
from  the  others  is  very  difficult  to  understand.  In  some  instances  they  seem  to  be 
used  in  special  oonstniotlons.  In  others  as  rimple  syn<n)yins  for  the  oommoner  romsu 
I  8|>ent  several  hours  with  David  in  trying  to  undt  r-tand  what  special  usaeo  they 
had,  but  was  no  wiser  at  the  end.  Kone  of  the  rules  he  sought  to  lay  down  for  my 
gnkianoe  wonld  stand  examination.  He  dearly  did  not  understand  the  matter 
himself,  nor  did  his  eaounples  of  their  osa^e  help  me  to  do  so.' 

The  funrtion  and  scop*'  of  the  independent  j)erson;il  pronoun*  seem  to  l>e  somewhat 
broader  in  icii'Qe'uk  than  in  the  dialects  previ()u>ly  exanaiud.  They  appear  at 
times  to  take  the  place  of  the  infleotional  forms  and  become  the  subjects  of  verbs  ; 
just  as  if  in  Latin  ego,  tu,  kc,  were  used  instead  of  the  terminal  inflective  forms.  I 
found  numerous  instances  of  the  kind,  but  believe  it  to  be  the  result  of  the  influence 
which  English  is  «seroi8ii:g  upon  tha  naUva  idiom. 

IVFLBCnOKAL  OB  OOPULATIVB  PaOKOVm. 

It  will  be  remembered  that  in  N'tlaka'pamnQ  we  fonod  distinct  forms  for  traii« 

eitivc  and  intransitivf  verl^s  In  tlie  HalkOmt^'lEm  tongtUS at  iB  fik'qO'mia^ ODO fona 
only  is  employed.    This  in  iuil  i^u  uk  is  as  follows :-<^ 

I,  -toil  or  -tsil.  we,  -tcit. 

thou,  -tcuq.  you,  -tcap. 

he,  •»  or  -Bs.  they,  -s  or  -bs. 

Absence  u£  the  third  persons  is  marked  by  the  particle  ^  (n«  of  the  oUter 
divisions.)  All  these  forms  are  modified  in  the  obli^ae  moods.  Strictly  qseaUngt 
the  forms  p'won  licre  to  the  tbixd  person  are  not  pronouns,  bnt  rather  snbstaatiTa 

verbe.  Sec  under  Jvwa'utlsn. 

IKOOBTOBATXTB  PSOVOVNB. 

The  method  of  synthesis  here  employed  resembles  that  of  the  N'tl&ka  pamug 
moie  than  that  of  the  Sk-qO'mio,  with  which  the  Tcirqfi'ak  has  most  poinu  in 


'  Since  the  above  was  written  I  have  studied  the  corresponding  forms  in  the 
Kwa'ntlBn  dialect,  from  whiph  it  would  appear  that  the  f onotion  ox  these  fcnw 
Msembles  that  of  ilk,  ftc,  in  tha  Latin.   899  the  Kwa'ntlBn 
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ornnmrvn.  Tbe  oIi|mI  pronoun  oomef  between  the  verb  and  the  Bubject  pronoon, 

I  will  help  thee,  m&it'ttd'tna-tci\-t43tu 
I  will  help  yon,  mait-fo7«-tcil-tca. 
Thou  wilt  help  me,  milit-i*a/'-tcxiq-tca- 
Thou  wilt  help  ua,  m&it-^<»7-tcuq-tca. 
We  will  help  thee,  mait-/«<2'/7ta-tcit-tcA. 
We  will  help  you,  niAit-toM>tcit-tca. 
He  will  help  me,  mftit-M'A-se-tcft  taA*, 
He  will  help  ns,  raHlt-<o7<:/.-Ks-tca  lEsii'. 
Ue  will  help  thee,  m&it-Ua' ma-tcB,  tmui'. 
Hewitt  help  you,  milit-to'&m-toa  tssi^', 
He  will  help  him,  m&it-E^-tca  tEsU'. 
He  will  help  thcin,  mfiit-Es-tcji  yKsii'. 
Thej  will  help  mc,  muit-^<aj'A-K8-tca  yKsii'. 
Ttierwill  help  us,  m&it-^<)'^A;-E^-tca  yEsii'. 
They  will  help  thee,  m^it-t*d'«a-tca  yEsa'. 
They  will  help  you,  soAit-to'lam-lCAyEak'. 
They  will  help  him,  m&it-Be>tca  yw  tBift'. 

Incx)rporulive  foriufl,  just  as  personal  forms,  are  wanting  to  the  third  person, 

POSBBMIVB  FlOMOUNB. 

Of  these  ptononae  there  me  eeveml  fonns.  The  slmpleet  is  ap  foUowg 

my,  'I.  our,  sKa'tl. 

thy,  K.  your,  -BlBp. 

his,  her,  -a.  their, 

They  are  employed  thus:— 

7  skwomai',  ray  dog.  $Ka'tl  skwomai',  our  dog, 

jf  skwomai',  t}i_v  dog".  skwomal'-^ZK/;,  your  dog. 

skwouiai-i,  his  ur  h^^r  clog.  8kwuiiuii-<,  their  dog. 

In  some  of  the  Halkume'lEm  dialects  7  of  the  tirst  person  singular  becomes  tl. 
This  I  is  the  fi  of  the  other  divisions,  the  most  constant  and  widespread  of  all  the 
pronominal  elements  in  Salish. 

A  second,  fuller,  and  more  elegant  form  is  obtained  by  adding  the  article,  thus 

tKl.  my  Cmasc),  sKl,  my  (fem.)  ;  tE...tcit.  our  (masc.)  ;  sk.  .tcit(fem.),  onr, 
tK  G  (ma-^c),  8£  E  (fern.),  thy ;  tB...Bl£p  (masc.),  sK...Klii:p  (fern.),  your. 
tB...s  (mase.),  8V...s  (fem.),  his  or  her;  tB...s  (masc),  8E...8  (fera.),  their, 

A  comparison  of  these  two  forms  makes  it  quite  clear  that  the  so-called  gender  of 
the  prononn  is  deriyed  from  the  artiele,  theie  being  no  distinotion  of  gender  when 

the  article  is  absent.  » 
A  third  and  emphatic  form  is :~ 

« 

'1>8W&,  my,  swii-tcit,  our, 

B«swft,  thy.  8wU-£li£p  or  K-swiiEli::p,  your. 

ewis  (tBift').  his,  swis  (SBA'X  ber ;  swfts  (ynft'),  (heir. 

This  fmm  is  also  compounded  with  the  artidle,  thus 

Singular.  Plural. 

IBI-swi  (masc),  sBl-swi  (fem.).  my.  tB-swlt-toit(maso.),sB-swft-toit  (fem.),  our. 

tE-E-swii  (mftsc),  sE-E-swii  (fem.).  thy.  tE  swiiKlEp  (masc),  eE-swilElEp  (fem.),yoiir, 

tK-8wiis  (masc.)  bis,  sE-swiis  (feui.),  her.  tB*swiU  (masc),  s£*swiis  (fem.),  their. 

A  still  more  en^phatic  form  for  the  first  person  singular  is  obtained  by  repeating 
the  I  after  sicd.  Thus,  lyl-sred-l,  •  my  own.'  These  emphatic  forms  are  used  when 
a  comparison  of  the  object  possessed  by  the  speaker  is  aiade  with  some  other  object 
possessed  by  somebody  else.  Thus,  if  we  are  discussing  the  merits  of  our  respective 
fathers,  and  T  want  to  state  that  my  father  is  sujxjrior  to  anybody  else's,  I  use  the 
eajprcgsioij  i  mp'hka  t^-l  srcfi-i  v\sl,  '  wy  ffttl^er  is  a  good  man';  or,  better,  'a  got(4 
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man  is  the  father  belonging  to  me.'  Again,  I  may  aak  to  whom  belmigK  a  '^•*-'n 
house ;  the  owners  would  reply  thus ;  •  SKa'tl,'  •  ours/  I  may  be  incredulous  aLu  i.^. 
in  a  doabtiog  tone,  * MmtI^mi t  *ywan*t  The  wfllj  woold  then  eome baok, * Aii- 

The  above  are  the  ropular  form?,  but  they  arc  properly  u>;ofl  only  when  the  ob)e<:t 
spoken  of  is  proseut  and  visible  to  the  8peakur.    Dilfercnt  formj>  art:  nmd  when 
oojeot  is  present,  hnt  invisible  to  the  speaker,  and  still  different  fonns  wfaea  the 
object  i>i  both  absent  and  inviKiblo  to  the  speaker.    The  followiBg  eenteiioaewilll 
to  illustrate      theso  fonnH  as  they  are  need  in  Tcii'qe'uk. 


tB-1  mEm 


First  penon    nnguLor . 


*l-swii  mKl 
tE-l-swa  mBl 


my  fathar  (praewit  and  virible) 
Is  a  good  man. 


6  swc'Kka  kwE  mEm  ormBl,  my  iSither  (present  but  invisible^  i»  a  good  man. 
e  awe'aka  kw'asl  (■)msn  or  m^  my  father  (abaent  and  inTiaible)  it  a  good  m 


Second  penon  singular 


SswS'Bka  fB  mB 

E  E  mel 


£  swu  mel 
tE  Eswu  m£l 


thy  father  (present  and  viable) 
is  a  good  man, 


fi  8w£'£ka  kwsl  mEl,  thy  father  (present  but  invisible)  is  a  good  man. 
a  smtfvkm  kw'sft'  mBl,  thy  father  (absent  and  invinble)  is  a  good  man. 


Third  person  singular 


Iff  ft  M  n        n  It 

•t  tt  H  »        M  M 

w  w  »»  n        w»  m 


^  Bwe'Bka  (  mEls  ) 

tjt  mEls  [  tBril',  hia  ftither  (present  and  viAto) 
swiis  mels      f  is  a  good  man. 

tE  swiis  mEls  / 

6  swC'Eka  kwK  mEls  (tEsii'),  his  father  (present  but  invisible)  is  a  good  man. 
0  swc'Eka  kw'sii'  mEls  (tEsii'),  his  father  (absent  and  invisible)  ii  a  good  m&n. 

The  plural  is  formcfl  recrulnrly  in  like  manner.  All  these  forms  imply  that  tk 
speaker  has  a  personal  knowledge  of  the  individual  spoken  of.  If,  on  the  other  baod, 
the  person  were  unknown  to  him,  he  woold  add  the  particle  Ua  or  ^-ini  after  fkt 
adjective ;  thus,  e  tsa  swS'ska  or  ^  td'wa  sw&'idea,  kc. 

If  the  object  is  of  the  feminine  gender,  then,  in  the  place  of  the  above  the  foUot* 
ing  forms  are  used  : — 

o  sl&'li  /  '1  tat  or  tEl,  my  mother  (present  and  visible)  is  a  good  womaiu 
I  Sfil  I,  >f  t>  n  t*         M       I*  i* 

First  penon  J  '1  swft  „ 
,  singular      sniswft  « 
^SBl  iwU  „ 

g  dft'Ii  ts'El  or  s'El  tat  or  tA,  my  mother  (present  but  invisible)  is  a  good 
w  M    kw'sal  tat  or  tfil,  „      „     (absent  and  invisible)   „  „ 

Sfiocmd  nerson  f*  "^''^  *^  mother  (present  and  visible)  is  a  good 

"•"^^iStt^l"    "  (present  but  invisible)   „  „ 

*  III    II    kw'sii' tKl,„       „     (absent  and  invisible)  „  „ 

Thir  1  Dersun    f  ^  ^^^'^^  tEsii'.his  mother  (present  and  visible)  is  a  gotxi  womaa. 

^nmthS^  1"  "         "     "     •»  (present  but  invisible).,  „ 

I.,  „   kw'sii'    ,.    „     „    (absent  and  invisible),,    „  « 

The  plurals  are  formed  regularly  in  like  mauuer.  Sometimes  the  *  absent  a&d 
Invisible '  form  is  abbreviated.  Thvs,  I  may  say  sal  Mf  sftMiai',  instead  of  taM 
fto.,  my  dog  (absent  and  invisible)  is  black.  I  add  another  example  of  the  use  of 
these  *  aUsent  and  invisible  '  forms.  I  am  asked  by  my  neighbour,  as  I  stand  at  my 
door  or  just  outside  the  house,  if  I  have  any  fish.  Should  I  possess  some,  1  answer : 
AQ-d-'Afs*fal  si'kwai,  Tes,  I  have  some  fish.  Other  interesting  eiamplesof  the  en 
of  these  particles  will  be  found  in  the  story  I  have  written  in  toe  kindred  KirafttlB 

text  below. 

This  particle  which  marks  the  *  absenoe,'  kc.  of  the  object  is  clearly  the  iodti* 
Bite  artiolo  kwm.  As  the  presence  of  tha  deflnito  aitSole,  tB  (maso.),  sb  (fern.),  neiki 
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the  presence  of  the  object,  so  the  indofinite  article  compounded  with  the  locative 
adverb  sd  marks  its  absence.  This  a  very  simple  and  happy  device,  and  the 
MVeral  functloDs  of  these  two  articles  are  eztiemely  intere.Hting. 

(It  will  be  observed  that  I  have  written  two  forms  for  *  father '  and  •  mothnr  '  in 
the  first  person  in  the  examples  above,  viz.,  tat  and  IkI^  mother,  mtsm  and  mv:l, 
fftthor.  Of  tkeae  the  loimer  oomfpond  to  our  fun&lMr  nanery  terms '  mama '  and 
llie  lattor  are  mora  fomuUt  and  oaawgooA  to  our  ^notlier'  and  'fBther.'} 

PossEssiVK  Pronoun  with  Verbum  Substantivum, 

tla  or  kla  1  swai  lit'l£m«  it  is  iny  house, 

tla  or  kla  ■  8wii   „  „  thy  „ 

M      »     swas  „  M  bu  or  Imt  hooaa. 

„      „      sBa'tl  or  sw&toit  Ifklma,    „   our  hoase. 

„      „     swa'KlKp  „       „   your  „ 

n     M     wHto  n      N  ttielr  „ 

To  these  fovma  may  be  added  the  adverbial  partlolei  ezpresiive  of  <  neameM '  or 

*  distance,' as  the  object  is  near  to  or  distant  from  the  speaker.    Thus: — tK  S  la, 

*  this,'  '  near ' ;  tuBfOt  ts  S  li  oi  li  ti  or  tit  Id  ti,  *  that,' '  distant '  itx  U  tld'la, '  that,' 

*  very  distant.* 

If  the  person  claiming  the  object  la  not  quite  sure  whether  it  is  his  or  not,  in 
answer  to  the  question :  *  WhoiO  k  thia  f '  be  would  reply  tla  t&'wa  V'  noo,       '  I 

fancy  it's  my,'  kc 

It  is  permissible  to  use  tla  with  anj  of  the  poaMwbe  fonnp ;  it  ia  motoonlliied  to 
tibe  *l  mA  f oim  only,  aa  given  hen. 

SlTBBTANTIVK  POSSESSIVE  PRONOUN. 

These  forms  are  apparently  the  same  aa  the  emphatic  forms  of  the  possessive 
pronomi.  Thus: — 

I  BWft,  mine,  sBa'tl  or  swiitcit,  ours. 

B  swft,  thine,  swaslBp,  yours. 

awis  (tBsft'  or  s«8ft'>,  his  or  ban,  awia  CyBia'),  thelis. 

In  like  manner  with  the  other  forms,  they  can  be  compounded  with  the  definite 
article,  thus : — tsl  tmii,  kc,  kc.  If  the  object  spoken  of  is  invisible  or  absent,  than 
the  partidee  kwa  or  kw'sii'  are  added.    Thus:  7.  jtiva  krca;  7  srca  k>vtd\  Sec. 

SmMTASTiTB  PoanasiTB  Faoiroini  with  Vtrhum  SttMattHmm. 

<l«  or  Ha  *l«a^  tt  or  that  is  mine;  Ham  tla  $sa'tl  or  $i»SteU,  it  or  that  ia  onra. 

w       M  E  swsi  „        thine;        „      swii'KlEp  „  yours, 

w  n  swiis  (t£aa)(sBsa'),  it  or  that  is  his  or  hers :  tla  or  kla  swiis  (y£sa)  it  or 
tbstisthein.      ^  • 

Possession  or  ownership  is  also  marked  in  Tcil'QG'uk  at  times,  thus: — 

skwomai'tcU,  I  have  or  own  a  dog ;  skwomai'*tcit,  we  have  or  own  a  dog. 
dcwomai'-teflq»  thoa  bast  or  ownest  a  dog ;  skwomai'tcap,  yon  have  or  own  a  dog. 
skwomai'-a,  he  baa  or  owna  a  dog;  akwomai'-a  (ynft)*  th^  have  or  own  a  dog. 

A  prepositional  fonn  ia  also  wed  of  the  tiiiid  peison  when  the  ownw'a  name  ia 
given;  tbaa:  tB  akwomai'  tia  John,  it's  John's  dog,  or  the  dqg  of  or  belonghog  to 
John. 

l27TBBBOOATnrB  FBOVOUBB. 

who  ?  wiit  ?  or  tla-w;it  ?  wat  tcfiq  ?  who  are  you  7 
tla-wat  kw'aat  tB  sweyil  1  who  nwde  the  daylight  I 

whoaef  tS-witt  tdwit  tisft'?  whose  ia  that!  tGwSt  ylaok  tl  S  laf  whose  bat 

iathis? 

what  7  stam  7  what  is  that  ?  stam  sii'  ?  what  do  you  want  7  stam  kwa  stlf  ? 
which  7  tE  lE'tsa?  or  £ii:;'t8a  7  which  is  yours  i  EiK'tsa  kwa  swa?   This  last 

tann,  tm  or  aiKtta,  is  the  nwnaial  *  ooa '  with  the  definite  aitiola  or  the  intenqgativv 
vowel  s  added  to  it, 
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Bbtlszivb  Piovoinr. 
■elf,  Uunot  (fif.  nOnOt  of  ttie  Bk-qO'inio), 

DnoKsnATmB. 

*  is  (mMc).  8B  (fem.).  the ;  tE  la  (maac.).  sKla  (fBiD.),tUs; 
is  A'  (oiMC.),  tB  aft'  (fern.),  tbat ;     aft',  (boae. 

These  latter  forms  are  generally,  though  not  exclusively,  employed  to  point  out 
per^ions.  When  the  objeot  U  othor  than  a  pefaon  tho  following  fonna  an  oonunoniiy 

Uked : — 

tB  6  la,  thitt  (object  in  qpeakcr'«  baad  or  qaite  doM  lo  him)* 

ta  ft  ti,  this  (object  nanr  apaaker).  Thia  la  iomofctanoaaborConad  tots  ft. 

BH  l£  ti  Ift'lBm,  or  aft  Ift'lBBi  1ft  U,  that  hooae  (object  little  diataaoe  from 

ap^ker). 

sii  lii'lEm  le  ti  tla  la',  that  hoose  (yonder  in  the  distance). 

If  obleot  be  very  distant,  then  the  last  syllable  la  is  drawn  out  on  a  HalBg  tone, 

sll  UlBm  1ft  ti  Ua  1 .  . .  a  toftk-Q,  that  bonae  (far  over  tbexe  on  the  Teiy  ve^ge  o( 

sight). 

This  latter  term  tcttk-Q  appear'^  also  in  mjrh  expressions  as  the  following:  — 
e-tcit  tcuk  Q,  *  we  are  far  oti  yet,'  siiitl  when  two  or  more  persons  are  travelling 
together  towards  some  dialant  point,  and  one  aaka  ^  other  how  near  they  are  to 
their  destination.  T  cannot  flud  distinct  forms  of  demonstmtive  to  nadc  the  J^ViaL 
The  object  always  does  this  in  TcU '(^c'ui^  never  the  demonstrative. 

ARTICLES. 

tE  (masc),  SB  (fem.),  the. 

I  have  termed  tliis  form  '  definite  '  to  distinguish  it  from  ihp  form  hrn,  which  I 
have,  for  lack  of  a  better  term,  c-alled  the  '  indelinite'  article;  but  neither  of  these 
expressions  is  really  satisfactory  or  adequate.  Tb  ia  freqamtly  used  where  we 
ahould  employ  the  indefinite  iirti(  ]e;  and  neither  term  corresponds  very  closely  to  oar 
*  the '  and  '  a '  or  '  an.'  It  will  be  seen  that  this  article  has  the  same  form  as  one  of 
the  demonatrativea.  I  do  not  feel  at  all  eertain  that  the  partide  whioh  maika  the 
noun,  nnrl  gives  it  its  gender,  is  identical  with  that  which  accompanies  the  pronoun 
and  demonstratives.  The  common  form  may  be  misleading.  If,  however,  one  may 
judge  by  the  analogy  of  the  Oceanic  tongues,  which,  it  may  be  remarked,  poeaeaa 
articles  with  manifold  functions  similar  to  the  Salish,  it  maybe  that  we  are  here 
dealing  with  one  and  the  same  particle.  Speaking  of  the  various  functions  of  the 
article  in  Melanetiiau,  Codringtou  leuiarks  on  this  head :  '  It  can  hardly  be  doubted 
bnt  tbat  it  ia  tho  denioiurtratiTe  particle  ao  oonapicnona  in  immonna  aDd  adwbt.'* 

Ibdefinitis  and  Pabtitite  Abticle. 
AVra  ;  a,  some. 

The  true  character  and  function  of  this  particle  may  best  be  gathereil  fwra  the 
following  illustrations  of  its  use.  I  found  tho  study  of  its  various  functions  extremely 
interesting.  Stam  krraetliil  'What  do  you  want?'  Its  employment  here  marks 
the  lack  of  definite  knowledge  in  the  speaker's  mind  of  what  i*?  wanted.  Tlawii't 
Aar'su't  t£  swe'yil  1  '  Who  made  the  daylight  1 '  Here  it  accompanies  and  coalesces 
with  the  Teih  «M,  'to  make  or  craete,*  and  ahowa  that  the  questioner  baa  no  definite 
knowlefljtre  of  the  action.  Tlie  .'^atue  function  is  .seen  in  the  next  sentence :  SetE.S 
kwa  tol'tcil  Sia'm  ts  la  tumu'q.  *  Ood  created  the  world.'  The  time  of  the  action  is 
Indeterminable;  henoe  the  presence  of  kwa,  SlB'taa  kwa  awft?  *  Which  ia  yonraf ' 
The  function  here  is  obvious.  Wla'ts  kw^a  ka'kai.  '  I  am  often  sii^.'  Ita  presence 
here  is  necessary  to  mark  the  indefiniteness  of  the  time  when  the  speaker  is  sick. 
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U  wikl'tad  WbI  mdf  *  Is  your  ftitber  dMd  f '  Bera  tii0  partlde  meralj  nuokf 

the  absence  of  the  subject,  'l-stlo  krva  k  a,  'I  should  like  some  water  'l-stl6  hva 
8tBke'y<l,*I  shouid  like  a  horse';  auii-&-8tlefl  iiva  sml'yiu?  'would  you  not  like 
some  meBt  t  *  The  frnwiioii  bere  leeemblet  that  of  a  partiti?e  artide.  KBil't  kwm 

latsa, 'another';  verbatim^  * ogBitx  a  one.'  Ta'swa  Arva  lilm  tE  e'isa,  'perhaps  I'll 
go.*  Here  the  nncortainty  of  the  act  is  inarko<l.  Huta  krv'f:-^  liims,  '  lie  said  he  was 
going.'  Here  it  is  the  ubsencc  of  the  person  spoken  of.  Numeruiis  other  examples 
viU  M  foond  Sn  the  native  text  beloir. 


NUMSIULS. 
Of  thcM  the  aimple  independent  fonns 


1.  iK'tsa. 

2.  isii'la. 

3.  tltuq. 

4.  HEHat«Kl. 

6.  tl'k  husxl.  s'k'ataia. 
$,  t'qim. 

7.  tsauks. 

8.  fkii'taa. 

9.  tUq. 

10.  A'pEl. 

11.  u'pEl  k£st  (E)  iK'tsa. 

12.  „  Ibii'hi. 

The  '  teens '  follow  in  like  manner. 


20.  te'kwr,  tsi.kw.Vq. 

21.  ts'kwc  kiist  (E)  iB'taa. 

The  other  unit«  follow  regularly 
in  llkemann«\ 
30.  c'lca. 
40.  U£t«Elca. 
SO.  CUkslea. 
CO.  fqEmca. 
70.  teOkaBloa. 
80.  tic'btlea. 

1)0.  tfiqElca. 
100.  lii'tsBlwEts. 
1000.  u'pBl  la't8£lwEt3i 


FABTITIYS  NUHSBALS. 
half,  s'ok  ;  quarter,  staak' ;  three-quarters,  tleaq  stauk*. 

Class  numerals  abound  in  TcU'Qu'ok.   The  followjng  are  examples 


1  man 

lu'lEtsa. 

6  men 

t'qu'mela. 

2  men 

y&'isila. 

7  „ 

tsanksa'la. 

8 

tl'gii'la. 

8  „ 

t'kii'tsala. 

4  „ 

HiilsTla. 

0  „ 

tfl'qEla. 

6  ., 

s'kiitsa'la  or  tVkiitsa'la. 

10  ,. 

A'pala. 

Tnmti  &e. 

Boandthhigs. 

Api>lc», 
potatoes,  &c. 

Long  things. 
PoloH,pen- 
oilit,  ^0. 

1 

2 
3 
4 

lE't.<!aQEtl 

.<ifl'maQEtl 

tlKqEtl 

nneft'd 

lE'tsUS 

Isalna 

lE't«iiak 
yiaa'lttk 

lEt.sis 
isn'lia 

lE'tsamets 
ilsi'lamets 

Trees. 

Blankets,  ^'o. 

1  1  { 

1 ' ! 

ll'taawok 
tift'mok 

ss'mstuQ 

slE'tsatlp 
slsa'tlp 

1  lalB'taa 
1  isi'ia 

OBDOTALS.  , 
Ihrat,  yWI;  aeoond,  mn^i  iflA  UH,  'next"). 

AH  t1ic  forms  following  are  periphrastic,  aiid  grow  more  combenome  ai  they  pro* 
cc  d  They  afe  fofraed  on  the  principle  of  the  nilrsery  rhyme,  '  This  is  the  house 
that  Jack  built.'  Thus  the  '  third '  is  a  phrase  equivalent  to  f  nezt-to*tbe-next-to- 
tha-int.*  The  othen  follow  In  like  nianaar  till  the  list  if  rMohed,  which  is 
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MfMWi'jK.  In  UiA  BMHcr  of  the  formation  of  its  Oldliial  numbers  the  TdToe^A 
differs  very  much  from  the  Kiva'DtlBD,  which  has  BpeoiaUied  fonns  (ne  baliv 

under  Kwa'ntlBn  Numerals). 

DISimBUTIYSS. 

These  an  fonnad  £roim  the  cudinal  nimibm 
thas:'- 

onc  to  each,  iKtslE'tsa  six  to  each,  t'qt'qs'm 

two     „      lyEsK'la  seven  tsEtsau'ks 

three     „      tluqtla'q  eight     „  fktK'katM 

four    „      Haiia'tsEl  tOM  „  tMA'q 

fire    „     tlWk&'tdt  ten  „  A'fiBpkl 

ADTBRBIAL  MU1IBIIAL& 

ODoe,  iB'tsanq.  six  timed,  t'qEma'tl,  or  —  . 

twice,  sama'tl  or  ^anuk'tl.  seven  times,  tsauksa'tl,  #r 

thrice,  tl'ya'tl.  eiglit  times,  t'kiitsa'tl,  nr 

four  times,  HiitsBla'tl,  tlssmntla'tl.  nine  times,  tuqa'tl,  or  — a^. 

five  times,  tlBkiitsa'tl,  s'kiitsa'tl.  ten  times,  upEla'tl,  or  — a^. 

ADJSCTIV£& 


The  adjectives  are  of  two  kinds,  simple  or  priiiiitive»  BQCh  as  'good,'  *  bad/  kc; 
and  derivative,  that  is,  those  formed  from  nouns  or  verbs.  The  place  of  the  ad- 
jective in  composition  >'aries  somewhat  with  the  construction  of  the  sentence  in 
which  it  is  found.  The  simple  attribntiTe  and  nnmenl  adjectives  InwiaUy  oecspy 
ma<^  the  same  position  as  in  English.  Thus:  'a  fine  day'  is 9  n^fil;  'afasd 
season,' /i/;?  fAw;  'two  stones,'  1  I'd  fa  smalt;  'many  hats,'  keq  yd'Uuk.  Occasionsi 
exceptions  are  found  to  this  rule.  The  place  of  the  predicate  adj^ive  is  the  exact 
opposite  of  the  English.  Thus  t  '  my  dog  is  bUck '  is  sJtiq  tm  *1  skwomai' ;  tefis<»» 
*  black  the  my  dog.'  '  The  moon  is  bright '  is  std'tn  tx  tVkeltt ;  verbatim,  ♦  light  the 
moon.*  *  Our  house  is  old  '  is  tid'lakwa  its  IdlEm-fcit  (or  sKd'tl  Uilr.vi)  ;  i  crhaiim,  *oH 
the  house  our.'  The  pronominal  adjective  alwajs  accompanies  its  noan,oooisg 
immediately  before  or  after  iU 

COMPARISON  OF  ADJECTIVES. 

The  oompaiison  of  adjeotiTes  is  in  loii'QS'iik  effected  in  the  following  inaiiMt>- 

BesiUvs  Comparative  Snpsrislivs 

A  ^ar—  stKtE's  P  (ad  litt.  near  good)  |  * 

«  er  «  ja,  gooa    ^^^^<^^  ^^d  m.  next  to  good)  j  '^^^     J^wai,  M. 

klantis  tB  9  (ad  Utt.  dose  to  good). 

The  comparative  is  not  a  regular  construction  as  in  English  or  Latin;  far, in 
additloQ  to  the  eaqxresrfons  abore.  the  tenn  iNbes'l  Is  ^so  osed.  This  word  ii  thi 
adjective  numeral  *  first.'   When  this  term  is  employed  the  distinctloii  between  the 

comparative  and  the  superlative  is  a  purely  vocal  one.  The  degree  of  compari^^n  \* 
marked  by  the  manner  in  which  the  word  is  uttered.  The  higher  the  de^re«  ui 
goodness  or  excellence,  or  the  opposite  as  the  case  may  be,  the  moce  tlw  toneilM 
and  the  longer  the  final  syllable  is  drawn  out.  This  method  of  oomparisoeil 
common  to  all  the  Salish  dialects ;  is  indeed  common  to  all  primitive  tOngneSi  liii 
the  same  method  little  children  use  in  their  speech  with  one  another. 

ADVEILBS. 

The  position  of  the  adverb  varies  with  the  class  employed.  The  temporal  adterb 
is  invariabljr  placed  at  the  beginning  of  the  sentence.  Examples  of  its  igmtax  viH 
be  foand  in  the  native  text. 
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VBRB8. 

The  verb  is  inflected  by  means  of  affixes  and  aoziliazy  Terbs.  The  aorist  is  foimed 
bj  prctixing  the  particle  Is,  le,  or  le.  SonwtiiiMS  the  tixflt  syllable  of  the  verb  stsm 

is  aUo  reduplicated.  The  porfect  is  a  compound  of  particles  and  auxiliary  verbs 
l«  .  .  .  wK-tl-hai  .  .  .  The  simple  future  is  formed  by  suffixing  the  particle  tea  or 
tsm.  The  particle  U  is  also  sometimes  need  in  a  future  as  well  as  in  a  past  tense. 
This  secrnintr  double  and  contradirtory  nsajrc  is  duo  to  the  fact  that  in  ihv  Palish 
tongues  tense  distinctions,  as  wu  understand  them  in  English  or  the  classic  languages, 
mn  totally  nnknown.  Speaking  strietly«  there  is  no  *tinie*  to  any  Salish  verb.  In 
contemplatini,'  :in  action  the  'place'  only,  never  tlip  'time.'  is  oousidered.  The 
action  or  state  in  the  native  mind  is  always  *  present '  or  *  absent,'  '  here  *  or  *  there,' 
never  *  now  '  and  *  then.' 

This  is  the  reason  why  we  find  the  same  particle  marking  the 'past'  in  one 
dialect  and  the  'future  '  in  another.  Each  is  oqiially  '  ali-eiit  *  or  *  there,'  the  context 
making  it  clear  which  '  there'  is  intended,  a  '  pa^t '  or  a  'future'  one.  This  is  a 
very  intere<«ting  Isatnre  of  the  Salish  verb  and  explains  very  rimply  how  ne  or  nt:  can 
be  applied  both  to  a  past  and  a  future  action  or  state  without  confusidn.  It  is  of 
Interast  to  note  that  the  Halkume'l^m  dialects  only,  apparently,  use  this  particle  in 
its  doable  sense.  Several  of  the  interior  dialects  confine  its  nsage  to  the  *fn|Qre' 
alone,  wliile  the  Sk  qo'niic  and  some  other  Cojuit  toriL'^iics  cinploy  it  strictl}'  to  mark 
*  past '  actions  and  states.  This  particle  is  primarily  an  adverb  of  location  signifying 
'  there.'  It  is  the  same  particle  which  appears  so  often  in  the  Salish  dialects  as  the 
■igli  of  the  third  panon  *  absent.'  The  reason  is  obviotis* 


Ka'kai.  sick. 
PBESBMT  lE^'bSi 


Singular 


KA'kai.tcQq,  thou  art  sick.      -|^,  I  f  *  ^l'?*^*'  ™* 
Kftlcai  tl  Ul  he  Is  sick.         ^™  1  ''f "  ^ 

n  £  she  is  si*. 


AOBIBT. 

fle-tl-tetl-kft'Icai,  I  was  sick. 
le-tl-tcOq-kaTcai,  thou  wert  sick. 
l(^-tl-ka'kai  CtKsii'),  ho  was  sick, 
le-tl-ka'kai  (sEsil'),  she  wa^  sick, 
riu-tl-tcit-ka'kai,  wewweidek. 
Plaial<  le-tl-tcap-ka'kai,  yon  were  sick. 

tle-tl-ka'kai  (yBsii'),  they  were  sick. 

A  second  aorist  or  indefinite  past  is  also  used,  the  difference  in  meaniog  between 

which  and  the  former  is  not  ])urf«  ctly  clear  to  me.'    Thus  : — 

]£a'kai-e-tl-tcil,  I  was  sick.  K&'kai-e-tl-tcit,  we  were  sick. 
The  other  pcnons  follow  in  like  manner. 


Present  Perfect  Continuous  and  Responsivk  Forms. 

e-tcil-ka'kai,  I  have  been  and  am  sick;  e-tcit-ka'kai,  we  liave  been  and  arc  sick. 
Tb»  other  penons  follow  regnlarly  in  like  maimer. 


FUTtJBB  Tbkbb. 

Kft'k^*tci  -tea,  T  shaH  bo  sick. 
KAlcai-tcuq-ica,  ihou  wilt  be  sick. 
Kft'kai-toa  (tB  sft).  he  wDl  be  Mi, 
K&'kai-tca  (sB  sft'X  she  will  be  sksk. 


'  Since  this  was  written  I  have  studied  the  Kwa'ntlBU  verb.  The  difference  there 
Is  doato  the  tim  of  the  state  or  action ;  one  foorm  is  used  of  recent  events,  the  others 
el  won  wmfuHio,  See  the  KwiteilBi  verb  beloir. 


Ka'kai-tcit-tca,  we  shall  be  sick. 
KA'icai-tcap-tca,  you  will  be  sick. 
KA'kal>tca  (y£  su'),  they  will  be  sick. 
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Lftn,  togo. 

lftm*tdl,  I  go.  llm-tait,  m  go. 

iam-tcfui,  thougoert.  lara-tcap,  you  gO« 

lam»  he  goes.  l&m,  they  go. 

AoRlST* 

l6-teU-]ftlftiB,  I  went.  le^tdi-lalftiDy  we  went 

The  other  persoiu  follow  r^ularly  in  like  maoner. 
.  Hen  tM  vwb  stem  ia  reduplioated. 

PuHBHT  Vmmm  Oonmnroog  Tbksb. 
^•ton*1iiii,  I  Am  going.  e*toit-lStn,  no  are  going. 

The  other  persona  follow  regularly  in  like  manner. 

Past  Pkbfect  Tense. 

lB-tcil*wE>tl-hai-l&m,  I  have  been ;  ad  liu.  I  have  finished  mv  goln^. 
iB-tdt-wK-tMiRi-llai,  w  hato  been ;  mI  Utt  wo  bavo  flnSahod  our  going. 

The  other  persona  follow  in  like  manner. 

The  auxiliary  verb  luii  in  this  compuund  used  edao  independent  I  j,  aodsigiufitt 
*  to  oomplete  *  or  *fintali  *  •nythiiig. 

Vvmat  TBHSb 
Um-tdl*toa,  I  tball  go.  laol-toi^tc»,  wo  iball  go. 

jthc  oilier  peJrSons  folluw  icguiiiriy. 

DvaiTATITE  FOBII. 

ya'swa  kwa  lam  tE  e'lsa,  perhaps  I  may  go. 
ya'swa  kwa  liitn  t£  Ifl'a,  perhaps  thoa  nuijeit  go* 
j&'swa  kwa  lam  (tB  aft'),  perhi^  bo  naj  go. 

the  plUnd  fdUowa  regnU^ly. 

lMP£BATIVBi 

lam-tla  !  go  ! 

lacyil  1  gu  away  1  c-kwEs-liim,  'you'd  better  go.' 

' '  *  • 

The  position  of  the  inflectional  pronoun  in  the  HalkAine'lEm  if*  worthy  of  nrt:* 
In  Tcil'Qe'uk  the  pronoun  is  seen  to  be  sometimes  pietixed,  at  others  snlbxed  t«} 
▼erb  stem  ;  thos 

kwa'kwEs^tcil,  I  am  warm ;  qait-tcili  1  am  cold.  i 
tdl-kA'ka,  I  am  drinking ;  tcll-kft'ka  ts  kft,  I  am  dzlnkiqg  water. 
e'tatEm-tcil,  I  am  sleepy  ;  ke'sel-tclli  I  am  tired.  J 
toil-kwa'kwBl,  I  am  talking ;  tcil-k&l,  I  believe.  J 

In  aomo  o(  the  Salisb  dialeota  tbe  pronoun  la  nnlformly  preflxed,  io  atka><>| 
nnifmily  anfBxed.   Tbe  HaUcMnfi'lam  tongue  seems  to  occupy  a  middle  1 
I  am  not  satisfied  that  the  pronoun  may  Vje  indifferent  It/  prefixed  or  suffixed  in  J 
tongue.  At  time^  this  would  appear  to  be  the  case ;  but  in  many  instances  tbe 
tton  of  tbe  pronotm  aAaota  tbe  aenae  of  the  Toib.  An  iUnatratton  will  oakt  us 
point  olear.    We  will  suppose  I  wish  to  borrow  my  neighbour's  horse :  laaj^^ 
as  we  stand  together,  kot-tcil  tK  itKke'y^^  *  I  am  going  to  take  your*  horse.'  Ib 
instances  as  this  the  verb  root  always  preoedes  the  pronoun ;  but  if  I  had  takeo 
hone  wttboat  bia  knowledge  and  afterwaida  met  him  I  aboold  say:  itSi^^ 
MMa^ffa,  *  I  took  your  horse.'   Again,  if  be  had  missed  the  horse  and  a^ked,  v!^^', 
was  by,  who  had  taken  it,  1  should  answer  iB-tcil-lut^  '  I  took  it  *    Here  tbepa^- 
Ik  marks  the  action  as  done  foimcr]|r<  X  have  already  bheHy  spoken  ol  ti»  J 
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lions  of  this  particle  in  Halkomi'ii.m.    A  fow  illustrations  of  its  use  liore  will  be  of 
interest,    la  Tcil'Qe'uk  its  functions  arc  not  quito  the  same  im  in  bome  of  the  neigh- 
bouia^  siib<Ual«ots.  In  the  oontigiioiu  POA'tlq,  for  enmple  (as  In  the  SiuumimQQ 
of  Vancouver  Island,  according  to  Dr.  Boas),  Ik  or  U  or  its  equivalent     is  regularly 
nsed  in  the  present  tense.    Thus:  iK-tcil-k'Tkni,  I  am  f»ick.  iK-tcit-kil' kai^  we  are 
sick.   And  the  past  or  aorist  is  U-q-toil-ku' kai^  I  was  sick,  IB-q-tcii'kH' kai^  we  were 
iiok.  lUs  is  not  the  cms  in  Teil''Q6'iik.  Although  it  appears  at  times  in  what  aeeaw 
to  be  a  present  tense  and  is  usually  tranj^lated  by  our  present  tense,  strictly  speak- 
ing it  run  never  be  considerefl  as  a  present  tense  form.    Even  in  the  Piln'tlq  an<l 
8ach  dialects  as  use  it  regularly  in  the  present  tense  forms,  although  the  expression 
*  lam  Mc,*      is  given  bj  the  Indians  themsslfes  as  the  eqoivaleat  of  iB-toil-kA'kal, 
it  does  not  rightly  express  the  sense  of  the  native  idiom.    Its  use  in  TcilQe'uk  m akcH 
this  quite  clear.    It  is  more  than  kilkai-tcil  '  I  am  ick.'    For  with  the  statement  of 
pr^nt  sickness  is  conveyed  also  tho  statement  ot  vaU  sickness.  Ln'tcU'kd'kai 
dgnilles  lather  *  I  have  beoome  siek/  a  state  or  oondUtion  which  oame  oat  of  the 
past,  unknown  to,  or  rather  in  the  abssnoe  of,  the  person  to  whom  the  invalid  is 
talking,  and  continued  down  to  the  present  moment.    It  was  the 'ab.sence '  of  the 
iiiteriocutorof  the  patient  when  the  state  began  that  brings  the  particle  of '  absence ' 
here  in  the  present  tense.  This  is  elear  from  the  following  use  of  it  in  Teil'Qfi'nk. 
Thus  I  say  in  this  dialect  teil-kal,  *  I  believe,'  to  any  fint>hand  statement  made 
directly  to  me;  but  if  the  statement  was  first  made  to  someone  else  in  my 'absence  ' 
and  afterwards  told  to  me  by  another  person  i  then  say  iK-tcU-kal^  *  I  believe.'  Thus 
in  speaking  of  Scriptoral  statcmeots  the  form  iM-teU-M  is  alwajs  nsed.  The  fol- 
lowing expressions  show  a  diffennlnfage  again  for  this  partiole  in  Tcil'Qe'ak,  and 
farther  il'ustrate  the  change  of  position  of  the  inflexional  pronoun.    We  will  sup- 
pose i  have  determined  to  go  hunting.    I  am  preparing  for  the  task  and  a  neighbour 
drops  in  and  asks  me  what  I  am  going  to  do.  My  answer  in  snoh  an  instance  wonld 
always  be ;  Im-iell-aka^/ra,  *  I  am  going  hunting.*   Here  Im  marks  /uhtre  action.  It 
i»  necesmiy  here  because  the  action  is  '  absent '  or  *  there.'    I  have  started  ;  I  am  in 
the  forest ;  another  person  meets  me  and  asks :  *  What  are  you  doing  1 '   The  proper 
i^y  this  time  is  aktl'wo'icilt  *  I'm  hunting.'  I  oontinoe  the  hunt ;  I  oome  upon  my 
ame;  Ihegnn  is  at  my  shoulder;  I  am  on  the  point  of  shouting;  a  third  friend 
happen.a  along  at  this  moment  and  says:  'What  arc  you  doinj?  .'*    I  re8pf)nd  this 
time  thus :  Etcil-ah&'wa,  '  I  am  just  going  to  shoot.'    I  have  been  hunting  for  some 
time,  it  may  be ;  I  am  tired ;  I  sit  down  to  rest ;  another  fHend  oomes  along  and 
nji :  <  What  are  yon  doing  ? '  This  time  I  answer,  MU^hd'Tca,  *  1  have  jost  been 
banting.'    I  have  returned  from  my  hunt;  I  am  met  ncain  by  someone  who  asks, 
•What  have  you  been  doing? '    I  reply  now,  U-tl-tcH-alul  wa^  '  I  have  been  hunting.* 
I  am  at  home  again,  and  the  person  who  first  accosted  me  comes  in  and  remarks : 
'You've  got  taaek.*  I  answer,  Ut'teil-w»4MuMiA*feat  *  Yes,  I've  finished  mj 
bsnting.' 

These  examjiles  bring  out  some  of  the  niceties  of  the  HalkOmO'lEm  verb  a-*  seen 
Tcil'Qe'uk,  and  show  us  at  the  same  time  how  /B  or  9i£  has  in  some  dialects 
cone  to  mark  ^past'  and  in  others  *fntnre'  aotion or  state. 


this  hoose,  tB  S  la  lit'lem  ;  these  houses,  tE  G  la  lElii'lGm. 
that  house,  tE     ti  lii'lEm  ;  those  houses,  tE  10  ti  iKlii'ifim. 
that  hat,  tB  16  ti  y&'suk ;  those  hats,  tE  le  ti  y&'Jsuk. 
tbase  two  hats,  ts  d  la  ylsil'mnk  or  ylsU'la  ya'snk. 
llglit  eje,  ewfl3rftiiM;  left  eye,  ckwalus  ;  both  eyes,  cwai'yElus, 
right  ear,  slyii'lTn  :  left  ear,  c'k'wii'Ua  :  both  ears,  k-wolk  wol. 
right  hand,  cyC'wus  ;  left  band,  c'kwG'wus ;  both  hands,  tEltii'lO. 
right  foot,  c'Hyil ;  left  foot,  c'k-onyil ;  both  feet,  c'HKiiyi'l. 
one  dog,  lE'tsa  skwomai' :  two  doga,  Ii&'la  skwomai'. 
many  dogs,  keq  skwoniai'. 

few  dogs,  an'a  ke'qEs  skworoai'  or  qii'la  skwumai'. 

all  the  dogs,  muk'  skwomai'. 

some  dogs,  skwomkwomai'. 

no  dogs,  aui'ta  skwomai'. 

one  hat,  lE't.na  ya'suk  or  lE'tsawok. 

two  hata,  yisa'la  ya'suk  or  sa'mok. 

many  batt»  keq  yA'fuk. 
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few  haU,  an'a  ke'qss  y&'nik  «r  qa'la  jr&'fok, 
ftU  hats,  muk*  yft'nk. 
some  hats,  ya'lsuk. 

no  hat«,  au!'ta  yfi'suk. 

any  hat  (a  circumlocution). 

one  honse,  lE'Ua  la'lBin  M>  iB'ttOtfl^ 

two  houses,  sK'mKtAQ 

many  housts^,  keq  lu'lEm  or  keq-autQ. 

few  bonsei,  an'a  ke'qas  IftlBm.  adUU,*M  nuuiy  hoont.' 

all  houses,  mnk-  lii'lKm. 

some  booses,  ifilii'lBin. 

no  hoQseB,  ant'ta  U'lcm. 

any  houses  (a  circumlocution). 

ono  stone,  lE'tsus  or  lE'tsa  sraiilt. 

t\vu  stones,  yisii'lus  or  Isa'la  siuiilt. 

SO  Rfeonait  am'ta  smfilt. 

few  stones,  au'a  ku'qBs  sm&lt. 

some  stones,  smsmiilt. 

any  fltooea  (a  dmunloeotloii). 

all  stones,  mnk-  smfilt. 

many  stones,  kea  smalt. 

one  taree,  slB'tsatlp. 

two  trees,  sT'satlp. 

a  small  tree,  slisQF.'tlp. 

u  large  tree,  sll'sgKtlp. 

many  trees,  tsBk'tsu'k  ut. 

little  trees.  tsE'k-tsuk'al. 

ao  tree,  aul'ta  skAt. 

These  '  tree'  forms  are  specially  intorostinpr,  showing  as  they  do  three  distinct  radi- 
cals in  the  same  dialect.   The  numeral  form  is  Gommon  to  most,  perhl^^  all,  of  fclw 

Salish  dialects.    It  is  clearly  an  old  form. 

this  is  John's  dog,  tla  swas  John  skwomai'. 
which  is  your  horse  t  dlB'taa  kwa  swft  stCkS'yQ  t 

he  stole  my  horse,  Ie  la-kii'lsEs  1  swiatBke'yn. 
he  stole  your  hnrsr,  li:  l.i-kii'Num  T.  swu  st^g'yO* 
bu  killeti  my  dog.  iK  kaiHlKs  tEl  Bkwomai', 
be  killed  your  dog,  iB  kaistBs  k  skwomai'. 
my  dop:  is  lost,  iC-enc  QBs  tBl  skwomai'. 
the  man  is  walking,  ts  e'mEf. 
the  man  was  walkinfTi  IS-fl-l'S'mfl?. 
the  man  will  walk,  lE-tca-e'mE?. 
your  horse  is  white,  psk  tB  B«atskd'ytt. 
come  with  me,  mfi'ila  Idcttft'  tla  tnmu 
come  home  with  me,  mc'tla  le  tAk*Q  tia  ete. 
I  will  go  with  you,  liitn-tcil-tca. 

this  is  not  my  iiat,  lata  "1  sw;i  ya  suk  or  au'a  tla  '1  swa  y^l'suk. 
God  made  the  world,  (;1'tEs  kwa  tcltcil  sl&'m  tB  la  tBmoq. 
Is  your  father  dead  ?  le  wB-tl-kai  kwEl  mEl  ? 

li  yonr  mother  dead  \  16  ws-tl-kai  ml  tBl  1  If  parent  be  unknown  to  qoMiioner, 
U-mSf  is  addod  to  the  expression. 

Is  he  coming  ?  r-wK-tl  ya-mr- 7  If  object  be  behind  the  Bpeiker,  ulio  loolBiback 
as  he  speaks,  then  be  nses  the  form  e-td-U-ya-md  ? 

Are  you  ooming  7  e-tcftq  ame  t 

I  am  often  sick,  wlil'ts  kwBls  k&'kai. 

I  am  not  often  AcV,  au'a  wlii'ts  kwi:l^  V-'i'kai, 

They  are  coming  now,  ('•-autll  ame'  tiulKm. 

He  is  coming  now,  e-tjiutll  ame'. 

I  am  striking  it,  f''-tcil-kwft'kwakwot. 

Ho  lives  with  me,  tla  '1  (swii'l)  ts  QoliuuQ. 

I  have  spoilt  it,  kElkBl(K)-lo'(i-tcil.  In  this  term  we  see  the  particle  %^  that 
plays  so  important  a  part  in  the  Sk-qO'mic  verb  under  the  form         It  dmi  not 
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appear  to  enter  so  largely  into  verbal  forms  in  Tcirofi'uk  as  in  Sk'qOmio.  In  the 
HalkOmelEu  dialects  it  has  the  function  of  a  definitive  or  determinative. 

As  I  have  given  a  laige  number  of  phrases  and  expressions  in  the  kindred 
Kwa'ntlEn  as  well  as  some  continuoua  text,  I  have  limited  the  number  here.  Enough 
is  sobmitted  to  show  the  characteristic  differences  in  the  two  sab-dialects.  I  have 
edlMted  vooaboluies  and  phrases  from  some  of  the  other  Blver  trihc»  of  this  dM- 
sion,  hnt  the  differences  between  tlicse  and  those  here  given,  though  intcrestinp  to 
myself,  are  perhaps  not  of  sufficient  importance  to  warrant  their  publication  at  this 
point  of  my  stodms. 


GLOSSARY  OF  TOIL'Qe'UK. 

Ttrmi  ef  Cmuarufuinit^  amd  Afinii^, 

Consanguineal  ties  nmong:  the  TcirqC-'uk  appear  to  extend  a  generation  farther 
back  than  those  of  the  other  tribes  examined.  The  terms  of  direct  relationship  used 
bj  than  are  as  follows  :— 

great-great-great*great<grandparent,  ta'miyuk* 
gieBt-gfeat-gnat-giandpeient,  o'kwiuk- 
gntA-great-grandipaient,  tsu'piyuk- 
great*grandparent,  ts^'muk* 

grandparent,  s  sSlas  giaod-ohlia. 

When  addressing  a  grandparent  or  grandchild  the  forms  (masc.),  ^'«f«  (fern.) 
ate  cmplejed.  Gnttdehildzen  taken  ooUeellvely  an  oallad  mi'mMtt. 

parent,  tSOBwft' ;  parente,  ewoA'U. 

child,  me'la  ;  children,  mft'mela. 
father  (speaker's  own),  miim ;  (other  people's),  tsL 
mother       „       „     tAt;       „  mlL 
(mj)  aoo  (tHi)  mela ;  {mj)  danghter  (sid)  mala. . 

8ez  is  here  Indioated  Iqrfhe  gender  of  the  aitiflle  eompoonded  with  the  possessive 

pronoun  7.  Children  or  family,  n)jlmeli>  ;  first  child,  su'ltla  (rnela) ;  second  (dlild» 
tu'tiss  (me'la)  ;  third  child,  tistlQii'lKs  (mela) ;  last  child,  tsEa'silk  t  (me'ia). 

Brothers,  sisters,  and  first  cousins  are  called  by  the  same  term,  viz.,  sk&k*.  They 
distinguish  between  '  elder*  and  *  younger'  in  two  ways.  First  and  commonly  by  a 
lengthening  or  drawing  out  of  the  vowel  when  an  'elder'  ia  indicated  ;  secondly  and 
less  commonly,  by  the  addition  of  the  term  sisa'sEl  or  sitlu  tsl,  thus :  sis&'sBi  txl 
sklk*,  my  ^er  brother,  ko. 

Brothers  and  glsters  taken  collectively  are  termed  n'ktla'k'  when  younger,  and 
su'tlEtal  when  older,  than  speaker.  Apparently  a  person's  cousins  were  older  or 
younger  than  himself,  as  his  nther  was  older  or  younger  than  hte  tinele,  the  relative 
ages  of  the  persons  spoken  of  not  beinp  taken  into  consideration.  My  informant 
explained  it  thus :  *  If  my  £ftther  ia  older  than  my  uncle,  my  cousins  are  aU  younger  " 
to  me.' 

On  the  death  of  a  parent  the  consfalship  is  loosened,  and  cousins  are  thence- 
forward called  seI  tEl,  swilntai'tl ;  or,  more  fully,  le  kai,  SBi  (fem.),  ttf  (naiO.) 

swilmai'tl ;  verbatim,  '  he  is  deiid,  my  swihiiai'tl.' 

nnde,  cwumsle'k'Q  or  sQumBle'k  Q ;  aunt,  t'scwumBlc'k'Q,  &c. 
IVhen  addiiising  them  these  teima  an  shortened  to  lAk*Q. 

S^le's^wff^*^  }  »<i'^tcu'pEts  or  cutdi'pEtc. 

^l^h^^^d's  {ta5Ser.s)^^*«'''^^«»-^>'««*'*^<'«»->'^^ 
brother's  wife,  sm&ta'ktil ;  sister^  hushaod,  tsft'tatl. 

oca 
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REPORT— 1902. 


COBPOREAL  T£RMti. 


head 

crown  of  bead 
back  of  head 
forahoad 
Jaw 

ehin 
tooth 

nose 
nostrils 

point  of  the  nose 
moatli 
upper  lip 
lower  lip 
throat 
windpipe 
neck  (fore  part) 
neck  (back  part) 
back 

ofi 


face 

side  of  the  head 
balrof  tiMbMd 

hair  of  face 
hair  of  body 
hair  of  animaU 
ftongM 


eye 

eye-browi 
eye'laabea 

pupil  of  the  eye 
■kin  (human) 
■kin  (of  animals) 


sqai  yvt9. 
k'eEknluk. 
tE'peom. 
kwo'mals. 
fomkai'Ktsnm  or 

sumqai'L'tsEl. 
slEpai'EtsEl. 
yell's, 
inu'ksll. 
slEkwETEktil. 
spQo'ktsil. 

tS&'tsEl. 

stlKtla'itsKl. 

stlEpai'EtssL 

c'wB'lsis. 

ka'koktlitl. 

skwe'ltlitL 

tK'psam. 

stiu'kawitl. 

stlakwe'lis. 

cuma'. 

tBsa'tsua. 

swe'Kla. 

kwdllS  UbL 

kwe'loa. 

tsft'i. 

tO'qtcitl  or  tO'qcis. 

k'wOl. 

ku'lum. 

ts&'mBl. 

tlo'pML 


chest 
stomaob 
heart 
longs 

bone 
hand 
finger 
ilxit  flngw 

thumb 
elbow 
leg  (whole) 
thigh 
lower  leg 
ankle  joint 
foot 
toe-nail 


arms 

finger-nail 
little  finger 

ahottlder 

knee 
knee-onp 

ankle 

toes 
big  too 


f-e'lis. 

kue'la. 

tsii'la. 

elnkocnila,  spEli> 
Qom. 

tca'liB. 
■la'qtds. 

xnatase'mul  s 

*  pointer.' 
mukw&'maltcis. 
Munkwilft'qfl. 
sqE'la, 
spBta'lEp. 
oOHw&'ciyil. 
ttpnaSknyQ. 
telee'Hril. 

t&lfi. 

tUtu'lQ. 

k'wOquoltds, 
ts&sOk'tu'latcis  s 


•  the 

carrier. 
skEp&'lsitEL 
kep&lolcHitri. 

kwo'mokHyfl. 

fllu'k'Hyil. 
mokwa'mellLBjil 


kwBlo'. 

kwBld's  tB  smi'yBta 
(literally  aldn-hle*tbe-deer,  nilyBte 
m  deer;  under  this  term  all  the  laiger 
qnadnpede  an  indnded). 

Ttmt  apfM  U  iks  jrrtnelfai  Anlimaltt  4'^.,  knmm  U  the  THTe^'ai 

ant  {Ibrmiea  «p.)i  yh&'IsEm. 
bat  (  Vet/tartOh  aukuUOu*),  p«tspaerii'kE]« 
beaver(Cteil0r  canadensu)  slcEbiu'. 
bear  (£mt  «siertoaiiM)  (black),  spftts. 

„  „       (brown),  kwEye'aq. 

„    korHhaU)  (grizzly).  kwMoIl. 
bee  (Apit  tp.)t  sIsEmai'a. 

„  (bumble)  (Apit  sp.),  mo'kmok. 
butterfly  (^Papilio)  (all  large  kinds),  sEfiqa'. 
^  (white),  pepBk'alftlHL 

„      (medium  and  small-aiMd),  upai'EsEl. 
crow  (Corvus  canrinus),  spspEtu'l.    The  sound  uttered  by  these  hM?^  re^frr.b! - 
the  sound  of  the  word  skak  »  'brother'  in  TcUWok.   They  bclieTe  he  it 
trying  to  daim  relationship  with  them  when  ke  cries  doik  I  skak ! 
cb^mank  iTgrnku  striatus),  pi't«iya. 
cougar,  panther  (Felit  ooneolor),  cwG'wa. 
crane  (  Oru*  canadentU),  smOlc'wa. 
deer  (^CariacuM  eeHumhUmui),  k'llctila. 
duck  (^Anas  boMchaM)^  mauq. 

dog  {Canis  tp.),  skwomai'    A  natifc  apedea  WM  fomM^  bfod  lor  tlM  hair,  wUoh 
was  wo?e&  into  blankets,  &o. 
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Mgle  {Haliactus  leucffcepkaiut),  •p&'kus. 

jr».).  skwileq. 
elk  (fr  rrux  eatuulenns),  kaiyfl^Bte. 

flea  {PuJrx  irritani),  til'tetlKm. 
tljf  (J/tr.fcia  domettioa),  qCK\vf\&'ya. 
M      .«     JaroppA^i^a  to.),  qOQai'a. 
frog  (JUma  ip.),  pfipslxnD. 

;;:oose  (  I  f?^rr  ^.),  k  wCSme'lakel,  iiqh. 
ground-hog  (Arctcmtft  ealigatu*),  skwr'Eka. 

grasshopper  (^CalojfUnus  tp.)t  kikkawatc'lc.   Kame  refers  to  the  strident  noire  Hit 

inseet  makes, 
tsntsakle'm ;  ftom  tsft'klBm :  to  jump,  ho]!. 

hawk  (^Accij/iter       (larjfc),  iiuiiiii("''iiiBls. 

„  „  (8iuall),  lieiiEinqO'inEls. 

„  M  ,  S^'kBlBtO. 

horse  (^Equus  tp.'),  stKkc'yn.   Introdnced  sinoe  the  advent  of  the  whites, 
jay  (blue),  (hjanoc'itta  Jttellrri),  kwu'6. 
kingfisher  (  Ceri/lc  alcyon),  ts  lcilu'. 
linrd  (ZaeertiM),  tmyWm, 
colachan  (^Thaleichtkys  parificus),  swe'Bim, 
otter  (Liifm  (Latax)  cnnadcusU),  skiit'. 
owl  {Atio  aceipUrinut)^  tcl^'l'muq. 
pigeon  (CWvmKt/Mstal*),  binft'. 

rabbit  (•  jack ')  {Lrpm  mmHammw  WatkingtonC^  ikBkftwft'ti. 

rat  (JfWf  tij).),  haut. 

robin  (^Merula  migratoria)^  s'kakOka'q. 

nven  (Cvrmu  cotm primeipalU%  skan'lks* 

■dmon,  'spring'  {Oncorkynchnt  tscJuivoyttektl^fVmffYboA, 

„      *  socke je '  (  O.  Ntrhd)^  sn '  k  -a i . 

„      '  silver  '  or  *  cchoe ' (d.  Kuutch)^  ko'kwata. 

„     .'dog '  ( O.  Keta\  kwn'lOq. 

to      •humpback' (6?.  fl'twfri/fcfl),  ho'lia, 

„      *  steel-head '  (rrjirdneri),  k6'nq. 

M      tront  (Saiww  »p.),  k  Osc  tc. 
itvgeon  (Acipemtr  tranmrnUanus),  skwft'wite. 
snake  {Coluber  Lin.  tp.),  K'tlktf, 
snipe  {Oallinago  tp.),  skasl'a. 

spider  {Aranea  tp.),  kosku'sitsBl  s  •  the  weaver/  from  kai'sitssl  =  to  weave, 
swin  (white)  (Orkr  etfymHamu),  owolofl. 

seal  (hair)  (Phoca  vitvlena),  a'coH. 
trant  (speckled)  (Mmm       stKqa'tc  or  sBH&'ta. 
n    (white)         H      t«  slau'kwEts. 
weisel  {pKtorius  ermineayt  detsa'm. 
wolf  (Cbii7j(  Input  occtdmUUit)t  tKkai'ya. 
m^ecker  {Piaui)  (large  red-headed),  tKme'tlepiBm. 

I,  M     (medinm-sized),  tsek  't. 

t«  f,     (small  red-headed),  sHuk. 

„  (small),  tsu'tsm. 

wild  cat  {Ljin.r  fasciatus),  s'k'tsa'rnEs. 
wren  {Troglodi/tet  domettivus),  ta'mla. 

n  „        hiemalU)y  „ 


QloBtary  qf  tkt  Commonest  Tenns  used  in  TciCks'vikt 


able,  can,  kata'st^. 
able,  I  am,  katii'stO'tciL 
aboTe,  tci'tcitl. 
ibQse(to),kMft'tlB. 

I  abused  yon,  kElotB&'nui-toQ. 
sche,  pain,  sa'im. 

my  head  aches,  s&'im  tJd  sqai'yiu. 

MfDH»tft'kwBL 

ii(liDiie(to>,tGiamit. 


admit  (to),  kwotan'nt. 

I  admit,  kwotau'nt-tcii 
adopt  (to),  sk'Ome'tl 

I  adopt,  sk*0m5'tl-tdl. 

'  my  adopted  child,'  1  dcWtL 
advice  (good),  se'wBs. 
advise  (to),  ai'yat  or  yat. 

I  advise  you,  yat-sft'ma-tolL 

I  will  advise  yim,  yilt-s&'inA-tdl*tC8. 
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•ffeoniooB,  le  liai  tiq  tmUjiit  m*  lalbm 
tEq  8w^«*thexiiiddaji8fliidedor 

past/ 
again,  kili't 

aM,  help  (to)»  mfit  or  mail. 
I  will  help  you,  miit-aA'ina-tcil-tOB. 

aim  (to),  inji'it. 

air,  breath ,  spa'lEQom. 

alder  tree  (Alnm  Hft'tSldpw 

all,  mok*. 

•lone,  wihftbi'ya. 

always,  s'tEA',  wiii'ts, 

amasement,  fan,  e'yis. 

anehor,  mflie'iltBl. 

•nger,  ■tft'iynk'. 

nnpry,  marl.  smrl'mitaEl. 

animal,   i^mi'yits  =  'deer/  sometimes 


f  ksla't  kw»  iB'taa  =  again  a 

another  \  one. 

I  ts  Ifl'tw  s  tiHo  one. 

answer  (to),  IflHtB'lBkut. 

I  answer,  lQHt£lBkat*tQiL 
anybody,  muk'a. 
apple,  kwBa'p. 

apple  tree  {Pyrut  itp.),  kwE&'pBtlp. 

a])proach  (to),  tfisE'tsat. 
I  appromsh.  tMB'teot-toil. 

arise  (to),  Ql'liH. 
I  arise,  Ql'IiH-tciL 

aranse.  <^ 

I  aroupc,  git-tnil. 

ashamed,  qEc'qa. 

I  am  ashamed,  qEe'qa-tcil. 

ask  (to),  pB'tiimit  and  pKtil'mit.  The 
first  form  with  accent  on  first  syllable 
is  used  when  one  is  going  to  at^k 
■Mno  mknomi  panoii;  tiM  second 
when  the  speaker  has  in  mind  the 
person  be  is  going  to  ask;  thus, 
psti'mit-tcfl-tca,  Captain  Jolm,  Fll 
:i«ik  <'aptain  John  (when  I  see  him); 
but  pB'tiimit -tcil-tca.  Til  ask  some- 
body (wben  I  get  there). 

asking,  pR'tEm,  pEt  K'm. 

astnnisli  (to),  Inwii'tl. 

astonijjhment,  sliiwii'tl. 

ashes,  embers,  cwfiBlcitfla. 

ashes  (dead),  yi'^tsl,  ow^istflL 

autumn,  t£ui  helii'luR. 

Ibis   season  was  marked  among  the 
ToU*<|6'iik  bj  llie  departua  o<  tbe 


\  strkau'itEl. 

aza,  slcwo'kom  er  kiro'kani. 


bad,  k-BL 

bail  (to),  seatcut. 

I  am  bailing,  gtoll«s6ltoQt. 
builer  (instniBMnt),  SBtltsl. 

bait,  mil' la. 

bake  (lo),  t)k-wo'li:;uj. 


bark  (to),  Uft'wria. 

he  burks,  klA'wEtFts. 
bark  (of  tree),  peile'wus. 
basket,  sl'tEl. 
beaoh,  elle'tsEl. 

beat,  thrash  (to),  kw&'ilkw»lBtL 

beautiful,  e'E,  e'ya. 

be  bom  (toX  lElfil. 

bed,  cw&'mut,  cwe'tut. 

hog  (to),  loksm&'mEl. 

bcuow,  down,  k'lep. 

below  or  down  stream,  tlBtl&'s. 

belt,  cwi'umtEl. 

^«t,,.},  ^  tsii'listEl,  tsiiltcimel. 

bench,  chair  ^^^^^ 

bend  (to),  pa'it. 

I  bend,  pu'it-tcil. 
bent,  eraolced,  sp&'pL 

bcrr}',  f^^fra. 

beware  (lo),  kwa'kwKlKH. 
W|r,  large,  great,  heq. 
Ijillow,  yj'i'litca. 
bind  up  (to),  qOkwe'wEt. 

I  bind  up,  qOkwc'wEt-tcil. 
birch-tree  (JSetmia  tp.),  sA'kOnL 
bird,  miiq  or  mauq  =  (duck). 

„    (Kmall),  humaq. 
Ute  (to),  k  e'kwat^ 

„  (a),  kx'kwom« 
bitter,  sa'sEqumu 
black,  skoq. 

blaokbeny    (trailing)    iUibei  »p.), 

eko'lmoq. 

blanket  (native),  swO'kwatL 
„     (modem),  sB^'tiani. 
Meed  (to),  tsaluk'hoM. 
bii  oding,  tbu'lQom. 
blind,  k'6'Bqns. 
blister  (a),  kutsa'm. 

my  band  is  blistered,  kats&'m  til 
toils, 
blood,  tsa'tslKl. 
blow  (to),  p'at. 
blow!  pa't-tlal 

I  blow,  pa't-toil. 
blue,  smEts  or  cmEts. 
blueberry  (  Vaoeinium  tp.)^  li'tctlEtc. 
blonder  (in  meeoh),  mraidai'eril. 

I  blundered,  mElmldai'fBl-toC^ 
blush  (to),  kwl'mEl. 

sbe  is  blnebing,  etcmAwt'mBL 
blunt  (of  tools,  &c.),  kEl-ii'ts. 

„    (of  poles,  &c.),  kEl-a'snksid. 

„    or  pointlejis,  tB'mkwoksBl. 
boll  (a),  8k-wOtsam. 
„   (to),  stlatkwum. 

the  pot's  boiling,  le  stlatnkwnm. 
bold,  bcave,  mnlQu. 

I  am  a  bwta  maa,  ittBlqol-toll 

bore  (to),  cftlt 

I  bore,  cult-toil, 
borer  (instniment),  cBlEW&'tltsL 
borrow  (to),  tcs'tlta. 
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hoMi^  yttail(E)-tcit. 

weH  both  go»  7isil(K)-toit-l&m*taa. 
bottle  (modem),  cwHlama'U. 

i»     (made    from    salmon  skin), 

owUnft*lft. 

•»    (nuicto  ikom  aomul  of  fish), 

uiQola'wa. 

„     (made  from  bear-gal),  kVlfS 

owUMft'Ia. 

bottom,  cu'Btcilits. 
bought,  uE-sI'tla. 

I  bought,  nE-s1t]a*toU. 
bow  (to),  Ic'akwnsam. 

i  bow,  le'akwusun-tciL 
bow  (a),  to'qwtta 
bowels  or  gata,  k'ok'A'. 
bowl,  cka'kjilain. 
box.  k'wftlcDa. 

boj,  BW6£k&'tl. 

boys,  w(->Ekii'tl. 
braid  (to),  tsms'ut. 
branch  (a),  taftl'qt. 

brea(3,  PKpli'l. 

break  (to),  (strong  rojpe,  Jcc.),  tuk'Q. 
„    (wood,  Jto.),  liik'Q. 
n    (or  qdit  into  two  list  things), 

pak«. 

„    (oriplit  roand  things),  sok-g. 

split  it  into  two  !  puk  watla  I 
break  up,  destroy,  kKlkKlr'It. 
breathless,  winded,  tl'^tceastoEl. 
bridgo  fcrmedtrom  small  log,  cata'tKtl. 

M     big  log,  cuta'tl. 
bright,  dazzling,  klau'iukum. 
bring  (to),  mi'stoq. 

„     back  (txi),  k  T/lstoq. 

I  will  bring  it,  k-fi'lstoq-toil-tca. 
broken,  spEpd'ak. 
bru>li,  auqtKl. 
buck-skin,  a'qBlkEl. 
build  (to),  sea'tQom. 
bundle  (a),  tad'om. 
born  (a),  f^rik-. 

n     (to),  yu'kut. 

bntnt  (an  ol^'ect),  yok'Q. 
burnt  up,  sE(j. 
bury  (to),  pilt. 
bush  (small),  qi'qeI. 

u    (big),  tsu'tsakut. 
button,  stlukKlK'stKl, 
button-hole,  stlii ' tluk ElKsti; 'la. 
buy  (to),  u'lEkat. 

he  is  buying  it,  olKknla. 
by-aiid*by,  QOa'taJfa. 


call  (to),  t4m. 

cahn,  qniet,  slesOc-wEl. 

can,  able,  kata'sto. 
I  can,  katu'sto-toil. 

candle,  slucyKl  yu£kw6yil,  or  shortly, 
Bla9  y^Ekwdyil  =  marrow  of  the  thigh 
bono.  ^Vhen  the  natives  first  saw 
tallow  candles  they  thought  them  to 


be  sticks  of  ^IttcyEl.  or  marrow,  and 
attempted  to  eitt  tbem,  benoe  the 
name. 

cane  (a),  kwElkc'lnm. 

eenoe,  uokwB'tl. 

rnmi\  k'K'l i:mKl. 
caretul,  tsKhO'tsnt. 

I  am  careful,  teKb6't«at-tdl. 
carroty  HX&'wsk  (name  of  *  native  zooi 

resemblinf?  a  canot). 
carry  (to),  kwilii'l. 
oarre  (toX  QM'tsi. 
can  ine:  (.i)  portrait,  qrit  'tsl. 
cast,  throw  (to),  lEmi'istO(|. 
catch,  take,  kot. 
cedar  {Thu>ja  gif^antca"),  Hupai. 
cellar  (or  root-house  having  sloping 

roof),  skant^la. 

„     (native,  a  hole  in  the  ground 
with  flat  roof),  skw&ma'Ia. 
certain,  sure,  si:c't,  k'iil. 
chair,  tsii'listKl,  tSRltoimBi,Clltsa'litBttil. 
change  (to),  eyft'kat. 
cliarcoal,  p'Ktst. 

cbase  (to),  run  after,  ai'stsm,  vftwE't* 

iKtBm. 

cheap  (to  buy),  si;'miya. 

„    (easy  to  uc<iuire),  ll'luk. 
cheat  (to).  ^hai'Bliik. 
chew  (to),  tsiim. 

„    it,  tsiit. 
chief,  sia'm. 

„    (war),  stu'lmiq. 
chiefs  (collect),  yt^ia'm. 

two  cMefi,  sly&'m. 
child,  slelikEtl. 
chip,  tE'mEl,  k'O'k'mKl. 
dioke   (to),    by   external  pressure, 

kwumtla'lt. 

„         .,     by  Bwallowinp,  tok'QilBi* 

I  am  choking,  tuk-Qt'ii->i-icil. 

he's  choking,  le  tQk*Qe'li-:s  (tS  tea), 
chop  (to)  with  axe,  ta'kwels. 
chop  or  fell  a  tree,  y&'kut^ 

he*8    chopping    down   the  teee, 

y;\'y]:k'uU. 
cinders,  paie'tc'p. 
circle  (a),  stElii'k-u. 
clay  (pipe-clay),  stau'ok*. 
clear  (of  water),  liVjai'yim. 

„    (of  sky),  luk  auk". 
climb  (to)  (a  tree),  k-wO. 

„    (a  mountain),  k-we'jtklU. 
close,  tutm'lsut. 

come  dose,  md'tla  ttta'teot* 
cloud,  cwaisit::!. 
cofhn  box,  siuii'kwa* 
cold,  qaitl  qait 
oomb,  slitse'mBL 
come  (to),  me 

„    arrive,  tiitcil- 

t  am  come,  tdl-tfttdl 
companion,  coraradc,  su-'ya. 
compassion,  pity,  ttiO'kamit. 
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conpel  (to),  toB'dt. 
I  will  nukke  him  go^  toEfdt-tciMca- 

contest,  nM^  ft'wiltel. 

consider,  recall  (t o),  billcwiliB. 

cooked,  rii>c,  kwKl. 
corpse,  spiilakwu'tsa. 

OOttOQWOOd,  tOBWO'lpb 

crab- tree,  kwp:ap. 
crookeii,  bent,  spA'pl. 

very  crooked,  spi'pl. 
crush  (to),  klt'Ek-'t. 
cnitcb,  staff,  k-aa'a. 
oroel,  kallt. 

he  iii  a  oniel  Bum,   katt'tst  tB 
swe'ka. 
cry  (to),  qiim. 
oarreni,  leqA'm. 
cot  (to),  kli'Unt. 


dagger,  cQmA'tistEl. 

dally,  every  day,  mok*  sivu'il. 

denoe  (to),  skwftidliH,  m6tlt. 

dancer,  lokskwAteaiH,  loknt'tUu 

damp.  tcu'toUmm. 

dark,  IsHt. 

darling,  dcnr  (applied  liy  a  mother  to 
iier  brtln-  boy).  «*y>/8ik. 
fi        n    (applied  by  a  mother  to 
her  baby  girl),  t-yRs. 
dawn,  ini  la'wil,  niltu'tKwil. 
daybreak,    loks&lawil,  m6wa'wiyil, 

m£wC''yil. 

day,  swe'yil. 

decayed,  pa'kwEtsKf, 

deceive  (to),  kO'kElak. 

deceiver  (a),  IftkahftlERlik. 

dead,  skA'kni. 

deaf,  kla'k'wila. 

deep,  iQ'ftlEp. 

deer-hide,  ii'qF.lkEl. 

descend  (to),  klspeT 

deecend  (to)  a  flight  of  steps,  cQ'tlEpel. 

deeive,  wish  (to),  stl6. 

*  I  want  some  water,'  'l-stle  kwa  k-a. 

'  I  want  to  drink,'  tumctltiil  kwa  k-a. 

*  I'm  dry,'  skftkEleotdl. 
dcHtroy,  break,  kslk^dlt. 
devour,  li'piyhom. 
difflonlt  (to  do),  k-ld. 
different.  Hits. 

dii:  (ti>)  with  the  hand,  iiaiilsQr'K-, 
„      „     a,  stick,  lice,  skii'luu. 
dim.itl&m 

dirty, 

*  dirty-face,'  sa'pqos ;  a  nickname, 
disappear  (to)  snQ,  le  bqq,  « he^s  gout.' 

ssQsuQ'tcuq,  yon  difnppeaa:ed, 

snQsuQ-tcil,  1  disappeared, 
dish,  trough  of  eedar,  skwelstsi* 
diih  (sna]])  of  maple,  kamo'molp 

hitMU. 

disk,  his[  lu'tsulsbig  plate. 


disappoint  (to),  mftUc 
yon  dis^ppoiAted  me^  mxlk>ls&'tl- 

tcoq. 

I  disBppdnted  you,  m«!kasi'aA4cfl. 

discover,  find  (to),  .suknlau'q. 

I  found  a  gold  mine,le*tcil-siikElaaq 
tE  ^old  mine, 
distribute  (to),  ii'um. 

I  will  distribute  it,  &'am<tGil*tak 
dive  (to)  lu'kiini. 
diver  (a),  lokSla'ksm. 
diviner,  seer,  uHa. 
dissy,  sBlos. 

door,  cfitBlciMft    efttmic*  tid. 

down  of  geese,  kc,  slod'yns. 
dnifj  (to\  QA'k-wKt. 
dream  (coherent)  u'lla. 

„    (inooherent),  uhiUa. 

,,     •  totem,*  su'lla. 

my  dream  '  totem,'  '1  sa'lla. 
drop  or  Ml  down  (to)  of  pemo,  tsolk*. 

oCot^eetiWB'tsQtL 

drown  (to),  kwoss. 
he^s  drowned,  kwosi  kwwtS,*, 

drum  (a)  made  from  skin,  kwii'tQum 
k'Awi't.  This  instrument  was  formed 
very  much  like  a  t aw Ix) urine. 

drum,  hoard  and  stick,  kftwi't. 

each,  lE  lKtsa  =  the  one. 
earth,  temu'q. 
eat  (to)  etltBl.  li'pfk. 
lie  is  eating  it  now,  le  ci'lpik£s  or 
li'plkss. 
easy  (to  get),  irink. 
echo,  swilwtl'tftm. 
eddy,  tits'm. 

elder   tree    CSmHem  raMtfsea), 

kwni'kdp. 

enemy,  oimft'L 

enough,  hnl. 
I  have  had  enough,  or  I  have  finisliedf 
tcil'hai. 
enough,  lots,  muk. 

muk«tc)l,  I  have  lots, 
enough,  Ists  ■>  *  no  more.' 
escape  (to)  of  mi  animal  from  a  trap, 

sRwc'lks. 
„       of  a  man  or  slave,  k  lc'b. 
evening,  quhd'eft. 
expect  (to),  k6k\vo'tsk\vot  .->. 

I  export,  kok«'o't,'-k\vot>  lcil. 
oxtinguuii,  put  out  (Lu^,  liu'kwilt, 

fade  (to),  e'k'wom. 

Ml  (to),  he'ltm, 

fall,  stumble  (to),  tsElk. 

faa^oe,  t£m  kw&'i  =  bungiy  time. 

t  am  hungry,  kwft'kwm-tdl. 
far,  tcftq. 

fasten  (to).  k'G'sit. 
fat,  las  or  los. 
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fiev,«UL 

I  am  afraid,  sisl-tcil. 
fearless,  aua  sl'sl'tcil »  no  fear  I. 
feather,  oelU. 
feel  (to),  kalqBt. 
fell  (to)  a  tree,  jiVkut. 

ja'jrEkols,  '  *  he's  felling  a  tree.* 
fem  (PterU  a^juiHna),  plU'k  um. 
fern  root,    „       ^  stak. 
fight  (to),  aitKl. 

file  (a),  8&'m£la  8iii21t«a  grinding- 

stone. 

(to),  hai'Bknlt. 

fill  (to),  un«ut. 

find,  di*5cover,  pukElauq. 
I  have  found  a  gold  mine,  le4cU- 
snkElanq  tB  gold  mim. 
finish, complete  (to),  bai. 
fir  (red),  la'iEtlp. 
„  (white),  talQ. 

„  (Douglas),  k-dk*  w&'ijtiiByHtlp. 

fire,  hai'uk*. 
tire-place,  swu'BkOila. 
firewood,  cl'iitL 
fire^dfiU,  ea'losp. 

make  a  light,  cu'Ic^-ila. 
fish  (to),  sft'tsak-wai. 

1  am  htthiu^,  O-tcil-sa'lsuk'wai. 
flib,ti'kwai. 
fi«b-bone,  ^'q'wali^«. 
fisher  (a),  su'k  j^ak'  wai. 
flame,  cwa'tiikum. 
Ibl,lik-«aiip. 
f  c-h,  sle'uq. 
float  (to),  pEpa'k-Q. 
fiood  (a),  tEm  k&k&s  water^time. 
flow  (to).  iBHd'm, 
flower  (a),  spA'knm. 
fog,  skw6'tura. 
follow  (to),  tCUBl&t. 

UflBlat-M,  he^  foUowing  after,  or 
he's  coming  bdiind. 
food  (ordinary),  se'tltEl. 

M   (left  over  from  a  meal),  •ke'lam. 
ted,  enkaoksaQom. 
fiagiance,  cyalEkap^ 
freeze  (to).  pd'witBm. 
fresh,  qaus. 
finger,  Clu'qEl. 
fas,  anmaemeat,  S'jia, 


gamble  (to),  leluhii'l. 
I  gamble,  leUha'l-tcil. 

gambling- *^tick,  slEhJi'l. 
gather,  collect  (to),  k-Epu't  or  k^'pa't. 
ghost,  spirit,  palakwe't^ia. 
giii(tttUe),  sBbft'tl. 

„  (young),  k-fik-ii'mi. 
girb  (little),  aii^Ellii'tl. 

„  (young),  k'ak-a'lami. 
ghre  (to),  akwost,  ft'an,  sisyu'qtca, 
glad,  he  Ink  . 
gloomy,  kcloa. 


glove,  tskwft'lBtM. 

good,  0,  5'yE. 
good-bye,  lEm&'wus. 
grass,  aft'Qiri. 

great,  large,  hh^,  hcq. 

greedy,  Q<>'mutsBl«*  quick  moutb.' 

green,  skwai. 

grind  (to),  sharpen  (of  edged  tooli»), 

jaloiat. 

groan  (to),  a'Elsnt. 

„    (a),  a'l9ut. 
grow  (to),  tse'sam. 
group,  sk'Bk6'p. 
gnunble  (to),  krikwKlkwiilem. 

joa   are  grumbling,  kOkwKlkwii- 

lemtcuq. 

guide,  direcfc  (to),  ^'wn. 

guide  (a),  e'wEsain. 
gum,  pitch,  kwc'Eq. 

hail,  sk  uk  was. 

Term  has  reference  to  noise  made  by 
the  hiil  falling  on  their  nob. 

handsome,  aiyA'mii;. 

hard,  k'liiq. 

liai.lcn  (to),  k'lEgs't. 

hark,  lo'ulElilm. 

harrow,  rake,  sqck'apc'lEp. 

hat,  yA'suk. 

hats,  yfi'lsuk. 

hate  (to),  Ht  '<iKtsEl. 

I  hate  you,  iie'qKtj»i:liui:;i>u':ua-Lcil. 
be,  him,  totla,  tssft'. 
hoal  (to),  iryEliiTit. 
healer  (a),  ii'yEluHtsami9 
hear  (to),  tsatakltlm. 
beavy,  QO'tue. 

help,  aid  (to),  mf't  or  mfi'lt. 

I  will  help  you,  mait-8fi'ma-tcil-tCa« 
helper  (a),  me'tEl. 
bemlook-tree.  milBmB'ltlp. 
biocoogb  (to),  bi'kEU. 

This  term  has  a  suspicious  resem« 
blance  to  the  English  ;  this  is  duo 
biuiply  to  the  fact  that  both  are 
hnitatiye  of  the  sound. 

hiccough  (a),  a'hilcEtl. 
bide  (to),  kwukwii'l. 

I  am  hidiiiir,  kw-ikwll'l-tcil, 
„       an  object,  kwil'llH. 
hill,  »kwakwEp,  smti'mElit. 
bire  or  engage  a  persoD,  7ft'k*mEt. 
I  will  bite  yoa,  yA'kmBt-eft'sBa^toil- 
tea. 

hold  (to),  kwilii't. 
bole  (round),  skokw&'. 

„   (long),  skOqwfi't. 
hollow,  cwo'tkt\il. 
hook  (lish),  tlu'k-QtEl. 
bone,  owftnivts. 
homesick,  tutakwE'lmEl. 
bop,  jump  as  a  grasshopper,  tsiililEm. 
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horn,  US'cfcEl. 

hoi,  wmn,  kftakwns* 

house,  la'lrm. 

booses  (collect.),  lelii'leni. 

row  of  bouses,  stiiila'uUj. 
home  (small),  U'Ibb. 
howl  (to),  k  au. 

„    (a),  sk-au. 
bncklebeny,  skii'la. 
bug  (to)  aioimd  tho  body,  kftlAimt 

„       around  tbe  neck,  kii'loit. 
hurry  (to),  Qom  =  quick,  sharp, 
hunt  (to),  large  game,  kutl,  abu'wa. 

„       wuMi  game,  6'kwalaB. 
buKb;ind,  swil'kut.s. 

When  addressed  by  wife  she  calls 
him  lau. 


I,  tK  elsa. 
ice,  spe'a. 
Indian,  QuTrnflq. 

infant,  skA'kEla  (coUaet,  hft'lasla). 

instruction,  learning:,  s?/i 
interpret  (to),  Qe'ts£k£L 
invite  (to),  am. 
iteh»tU'tl8ts. 


jealous,  taiq. 

joke  (to),  skOkwElak. 

I  am  joking,  sknkwElak»tcil, 
journey  (to),  iKkii'lKkKl. 

„      (a),  UJcii'lEkEl. 
Jump,  hop,  as  «  giaasbop|ier,  tml'klBB. 


« keekwilli-bouse,'  skEmE'l. 

keep  (to),  kwila't. 

kettle  (of  basketry),  sk  an'stBU 

„    (of  woo<l),  sQBma. 
kind,  k'wa'kwEl. 
kiss  (to),  mu'kweteid. 

„    (a),  smuTcwctsicl. 
knead  (to),  tsa'ium, 
kneel  (to),  skutlqam. 
knife  (snail),  sU'stlnd. 

^    (large),  tla't«itKl. 

„   (pocket),  ho'he  Ek  =  •  breaking ' 

knife. 

knit,  8t&'tik£l 

knock  (to)  at  a  door,  kwu'kwOtsEn. 

„     (to)  or  strike,  kwf^'tEsKm. 
knocking  (u),  kwa'kuiikwEls. 
know  (to),  tlikB'lftq. 


ladder,  skwe'tBl. 
lake,  qa'tca  or  B&'tCft. 
lame,  kftkaHyil  =  sore  look, 
land,  earth,  tcmu'q. 
language,  skwEltEl. 
lantern,  torch,  slftlcnt. 
laige,bilg,1ifiq. 


laugh  (to),  leyitdU 
laughing,  ale'ltim. 
lay  oneself  down  (tO  nsi)»  Utlktm. 

lazy,  s'o'mit. 
he's  lazy,  s'o'mit,  tft'tln. 
n  laaj  boy  (Uttle).  i&m&'iait 

you  lazy  boy,  sftm&'mit -tcnq. 
leak  (to),  pc'pcKi.  skuBl&'teyuq. 

It's  leaking,  pe'puQUtt.. 

leaf,  tsft'tla. 

lean,  thin,  stit^. 

leap  (to  jump  over),  tufttlimiti^ 

Icaru  (to),  t&It. 

leaming,  tatftiL 

instructloil,  tft'vBfc 

learned,  tE'luq. 

leather,  kwc'ld. 

leave  (to  go),  ftlyil. 

.      ,    .     r  le-tcil-a'iyil. 
I  am  going  I  ^^i.u^/t^i. 

lend  (to),  tstt'lta. 
length,  stfttKtL 

IiitenOly  tUs  term  means  a  *filksB* 

or  the  span  between  the  out- 
stretched arms  of  tbe  average  man 
from  tbe  tip  of  the  second  dngtf 
of  one  hand  to  the  tip  of  tfis  c» 
responding  finger  of  the  oth  ^r. 
The  intermediate  lenpth^  are  tine 
I  fathom,  called  ili'maoMi  iMk 
ind  the  i  ftvUiom,  oalled  sMMTb 
tjt  tiUU  Theee  are  respectavely  rr- 
by  bending  one  forearm  towarcs 
the  chest  and  measuring  from  the 
pdnt  of  tlie  elbow  aevoss  to  tte 
tip  of  the  finger  of  tbe  other  b&r't 
as  before,  and  by  putting  cce 
hand  to  tbe  centre  of  the  cbe»: 
and  measuring  firom  tUs  pfliit 
to  the  finger  of  tbe  other  ooi- 
Btretcbcd  amig  as  in  tbe  ctha 
instances. 

level,  smooth  (of  the  gconnd),  luk  c  hp- 

eye'lttp. 

liar,  cumft'tsllkBl. 

lice,  mi'qtsEl. 

lick  (to),  tse'mKt. 

lie  down  (to),  &'qEts. 

life,  cle'yEs. 

lift  up  (to),  gE'liH. 

light  (daylight),  stii'ta. 

„    (of  moon),  s-kwEHyiis,  ilx'ksUft. 

„   (of  stars),  cuKiu'kQ. 

M    (of  torcli),  sla'kut. 

„  (of  weight),  Qa'<|a. 
lightning,  qElu'k-t. 
line,  s'te'Hyum. 
littv,  rabbish,  skE'lsp. 
little,  <<mall.  ame'mBL 
live  (to),  iii'yiluH. 
liver,  tsu'lEm. 
leg  (in  the  foiesi).  ^yi'nk. 
„  i  n  wrtwXkw^a'i. 
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logs,  kwsUkwBCIl. 
H  a  jam  iftak'tnkr* 

lonely,  hii'he. 
lonesome,  stiitc'l. 
long,  k'lak-'t. 
lose  (to),  e'k'Q. 
loud,  lakBi^'akKl. 
lover,  M'i,  si'ya. 
lump  (a),  skwamoq. 
limgSy  spfi'lfiQom. 

nittl,  BWe'Eka. 

nea,  siwc'Eka. 
auideD,  k-'&'mi. 
maid  win,  k*&'lami. 

marrow,  sliicvEl. 
make  (to),  bet,  ^et. 

maker  (a),  in  oonrse  of  formation,  tB 

8was  <\aV9:^verhatim,  the  hia  work; 
when  task  has  beeaperf ormcd.lc  bai  = 
verbatim^  he  has  made  or  finished  it. 
maple  (white)  {Aoer  macro^hyllum), 

kEiuo'eilp. 

„  {yin^^^Acercireinatuiu ),  si'tsElp. 
mutied  man,  sa'atcflk  [swu'kal. 

„     woman,  swft'w&kaU  [u&'U]. 
mark  (to),  qatet. 
manb,  Inqmi'midits. 

(cranberry),  mu'kwom. 
mask,  sQoi'EQe  or  sqoi'Eql* 
mat  (for  bed),  sl&'QSl. 
„  (lor  toot  or  weat},  tlu'k-ElstEl, 

Cfltlft'k-KlstEl. 

match,  cu'lcEpsname  of  an  old  native 

fire-drill, 
cft'lcxp-tlal  make  a  fire  or  light  1 
mate,  skik'hjiL 
me,  tteiia. 
mean,  sl^lIta 

measure  (to),  cuoQEle'mBls. 

„      (a),  (jclEm. 
meat,  smi'yits. 
medicine,  stclmdq. 

meet  (to),  if  coming  from  same  st  arting* 

point,  k-ft'k'&'tBl. 
ft      if    coming    from  difTert'nt 
starting-pointb,  luk  smusitisl. 
melt  (to),  from  action  of  sun,  y6t. 

fire»ye't«t. 
mend,  patch  (to),  pOwe't. 
message,  yft'tselEm. 
midnight,  tuk  sliit. 
mind,  skwU'lawp:!. 
mine,  1  swa,  tK'l  swa. 
mim  (to)i  nkwidflq. 
miltake  (to),  mElmEl. 

„     (a)  (in  speedi),  mBlmBlai'gul. 
mix  (to),  mn'lBKirot. 
mock  (to),  lOqoha'kut. 
moccasin,  stlu'kRHvil,  Hki^'lEUyiL 
moon,  skwE  iiyib,  blKku'ltii. 
morning,  la'tBtl  «r  Ift'tBp. 
come  in  the  morning,  me'tcaqlA'tBtl, 
or  shortly,  la'tBtl*tcaq. 


morning  star,  wftwlAl-kS'aallL 

moond,  heap,  skwft'kwqp. 
mount  (to),  tsEO'lEm. 
mountain,  sismii'lt. 
move  (to),  tftiH. 

M      some  part   of    the  body, 
slowly,  kai'Eqsut. 
M      all  parts  of  the  body,  qniokly, 

kwEk'Iutsut. 
M      from  pUce  to  place,  sila'latl, 

td'tttA 

maoh,  many,  kaq. 

nuirdor,  kwj'i'lr.s. 

murderer  (one  person  only  killed), 

kwa'lds. 

morderer  (eeveial  panoiui  killed)  kwii- 

kwu'lus. 

muscles,  klM'mKL 


naked,  tlfiwe'tsa. 

name,ekwiii. 

narrow,  kwae'Ek-s. 

near,  next,  ststE's,  t&t£'s. 

needle,  pelBtiM^ 

needy,  poor,  s'tna's. 

net,  swE'ltEl. 

next,  s'patlc'Ek;  MrbaHn,  none  he- 

tweeD* 

night,  slat, 
no,  au'a. 
not,  aa'a. 
none,  aui'tn. 
noon,  tuk  swe'yfl. 
BOW,  tBia,  kft'ls. 

Just  now,  Idlia* 
nut,  s'^e'tsum. 


offer  (to),  a'kwEt,  sa'tust. 

My  informant  told  me  the  latter 
term  was  not  true  Tcil'Qe'ukbut 
Snanaimo ;  but  as  Snanaimo  ia 
a  Halkome'lKm  dialect  we  may 
see  in  the  term  a'kwEt  an  origi' 
nal  Toiroft'nk  woid.  lite  likely 
that  many  old  Tcil'Qo'uk  tomis 
will  be  found  in  my  collection. 

old,  cTa'lt'kwa. 

old  man,  cla'lEkwa  (tK  swe'Eka). 
old  woman,  clallkwa  («■  il&'U). 

orphan,  we'lEm. 

outside  (of  anything),  sut'ika'lawEtl. 
H  (adoorXaankft'tnl. 


paddle,  k*a'mM. 

pail  (water),  ck&m,  ekwft'wli. 

pain,  ache,  sfi'im. 

my  head  aches,  su'im  tEl  sqai'yus. 
paint,  cla'tlkEls. 
paint  (to)  a  pictine,  Ac,  <)U'ttJ. 
parents,  cwa'li. 
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p«8s  (to),  jEhc'ls. 
pAldi,  meod  (to),  pOwe't 
path,  trail,  kjuktl. 
paw,  ta'kt  'tsis. 

pay  back  (to),  what  has  been  borrowed, 

tav'wUito. 

pay  (to),  kiVwEtltEl. 
peel  (to)  bark.  Sec,  Bl'pit. 

n     „    roots,  kc,  Hipftlflt. 
peep  (to)  f  liroucrh  .i  bole,  tsG'taEkos, 

M     It   irom  behind  m  tree,  Ink- 

wi'lBwiL 

penis,  ci'la. 

people,  mistiVAq,  tE  m'fte'jrflq. 
perhaps,  yii'swa. 

perfaape  111  go,  yft'swi,  k wa  lAm  im 

elsa. 

perish  (to),  tEkQE'tlsEtl. 
pipe-clftjt  itmt'dk'. 

Btetaauk'  =  place  where  the  olayia 

found, 
pitoh,  ?nm,  kwe'Eq. 
plate,  liVtsal. 
play  (to),  ftwii'lEin. 

I  am  playing,  uwu'lLtcil. 
Pleiades  (the),  a^Ela. 
ix)!nt  (to),  ma'tEs. 
poison  (to),  kA'iyil. 
poiflOD,  kft'iyil. 
poor,  needy,  s'tEsa's. 
portrait,  photograph,  Que'til. 
power  (physical),  skWrnkwom. 
pfiok  (to)  once,  ts'k  Et. 

„    repeatedly,  t«'k  U'k'Bt. 
protect  (to),  tca'tlamEt. 
proud,  smil'tail. 
push  (to),  HKten't. 


qtiarrel,  tri'iynktEl. 

quiet  (opp.  loud),  k-wft'k'WxL 

qaiet,  calm,  ilft^'wBL 


race,  contesit,  u'wiltel. 
rain,  slEmO^q. 
rake,  harrow,  sqtk'apc'iKp. 
raapberiy  (blaok),  tsilka'ma. 

n     (*ved-cap '),  t'qam. 

„      (salmon-beny),  elfila. 
raw,  qf'tM. 

recognise  (to),  pi'tKlftq. 

I  rccogniee  Idn.pi'tBlftqotoiltd'tla. 
red,  ckwcm. 
red-hot,  kwa'itqum. 
ie}eck  (to),  qoekS'te. 
remember,  consider  (tn),  ha'kwilis. 
rest  (to),  kau  ;  take  a  rest,  kaa-tcQq. 
reel,  lie  down  (to),  tlft'kaeitL 
return  (to),  k  ii'lsut. 
revive  (to),  su'wiyEs. 
leward  (to),  kii'wit. 

I  will  rewaxd  Um,  kftwit«toU«tc» 
toUa. 


rib,  iQ'wEq. 
right,  pood,  sEsfe'. 
ring  (a).  cHi'lumtsii. 
ripe,  cooked,  kwnL 
ripple,  vii'tk  ura. 

lota  of  ripplei,  keq  jt'lk*^m. 
rivor,  stftHd. 

roast  (to),  skwKlK'ffi,  kua':^it. 

on  a  woodic&grfdinniykB'p^nD* 
rob  (to),  kiilt, 
robber,  ks'lkid. 
rod.  liftlteieial. 
roof,  se'kBteKl. 
root,  kwo'mloq. 
rope,  sti-'qim. 
loee  (wUd).  kiilk*. 
round,  Hilkwa'ls. 
rub  (to),  VEtlk'nt. 
rabUab,  Utter,  tks'lBp. 
ran  (to),  <|amyi'lam. 


cafe,  sElu'. 
sail  (a),  pa'tKl. 
salt,  tlti'tlKm. 
nlty.tlattt'ami. 

N.Bb>-AltlMnigb  the  salt  of  com- 
metre  was  unknown  to  the 
TcnV  'uk,  this  is  an  old  Salish 
term.   The  word  was  fonnerly 

applied  to  the  peculiar  taste  of 
fish  when  cured  in  a  certain 
way,  that  is,  by  smoking  them 
at  intervals  instead  of  continu- 
ously. Treated  in  this  way  they 
arc  s;iid  to  have  a  salty  flavour. 
The  expression  was  also  i^lied 
to  the  taste  of  birds  when  roasted 
immediately  after  killing. 

same,  austiift'. 
eaud,  eid'teiiiii. 

Mtlnlatloii  (a)^  hatyftwltl»'may  you 

be  well.* 

lamawEtl  - '  god  speed.' 
The  former  is  used  between  per- 
sons  wlien  they  meet.  The  latter 
is  said  by  your  host  when  you 
are  leaTing  the  heaae*  Toor 
reply  1*?  h/iiijfhrrtl. 

save,  heal  (to),  ii'yElABU 

Aay  (to),  v'ttt. 

ecald  (to),  tsiilc-ut. 

scald,  burn  (ay  tsilk-. 

scalp,  kwKlEwok  -  '  head-cap»* 

scar,  sk&'itl. 

scold  (to),  swE'lmut. 

scrape  (to),  e'EqEt. 

aoratch  (to).  He'put,  q^'knteot 

scream  (to),  kwa't'sum. 

search,  seek  (to),  yft'lukt*  8&'wok*, 

sea,  k'w&'tkwa. 

leed,  spC'Is. 

see  (to),  kwata 
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£cize  (loj,  U£klu'met. 
•ell  (to),  oii^Bm. 
selfish,  fckwi 'Kkwi. 
send  (to)  a  person,  tcicii't. 
send  (to)  an  object,  lE'pitc. 
tent  (thing  sent),  sls'pitc. 
'  send  it  away,'  letU'ak 

iCW  (to),  pji'pEtS. 

shadow,  shade,  stii'tBL 
riiake  (to),  Ql'di. 
shallow,  cu'ik'Em. 
shame.  q«"«qalai'Hi8. 
sbaman,  sg&lu'm.  o'lia,  jea'wa 
diaip  (of  edg«d  tools),  Sjrft'ta. 
ibaip  (point  of  pole»  pencil,  vVr  ), 

(''yft'sukasl. 

sharpen,  grind  (to),  yu'kust. 

iharpen  (to),  eyft'ta.  This  oxpwMion 
dMen  from  the  other  in  that  no 
snggeilion  as  to  the  manner  of  9>)arp- 
cning  ii  conveyed.  I'u'kuH  means 
to  ehsrpen  by  ffrinding. 

ihare  (to)  (wood),  ql'pEt. 

ibe,  lier,  sEia,  sEsa',  ^o'tla*  or  sd'Ua. 

shine  (to),  klaa'Ekxim. 

ikiDgle  (for  roofing),  &6'kste^ 

shoot  (to).  kwili'R  sr  kwllfm, 

short,  tciltce't. 

thoQt  (to),  t&m. 
„    (a),  stAoL 

•hove  (to),  haok&lt. 

ihow  (to),  kwE'tsnq. 

ihrink  (to),  kB'lp'sKt. 

shrab,  Ql'QEl. 

shot  (to),  tska't. 

Mck,  ill,  kfi'kai. 

itght,  skwiits. 

my  eyesight,  tfil  skw&tkw&ts. 

dl«lt»t«i't8anq. 

I  will  be  silent,  tsti'tsauq-tcU-Um. 

rimple,  easy  (to  get),  le'lak. 
M       (to  do),kc'ka. 

riBff(tO>,St«'lEIIU 

rink  (to),  me'ok'. 

?if  (to),  u'niut. 

kit  down,  u'mut-tla.  It  is  interesting 
lo  lemiifk  llwt  this  eatne  expnnioii, 
only  with  the  accent  on  the  second 
svllable,  is  also  employed  to  bid  a 
person  'get  up,'  when  lymg  on  the 
Morgroaod;  thus:  nmii'ttla,  *  get 
up '  or  •  sit  vip! 

skull,  ts&'mok . 

sky,  sw&'iyiL 

Rljip  (to),  tlAlEvnt 

slapping,  tl&'tlakwnt. 

flave,  skwei'ts. 

sleep  (to),  e'tnt. 

lii^iy,  fi^tntm. 

ittde  (to),  k5'E«iKtsnlt. 
„    (a),  ske'BqStsnlt. 

slip  (to),  k^'ksm. 

dow.ai'Tiin. 

•nnii  qiiicki  <)oia« 


smell  (to),  hn'kwut. 
n  (*X  iKAIrwiiiii. 

smother  (to),  kEpa'itsEtKm.  Tliis  ox- 
prfv-sion  is  aj>jjlied  also  to  the  tying 
up  of  ihe  mouth  of  a  bag  or  sack< 

smile,  smAtsil. 

smoke,  spii'tlBm. 

snail,  kaiu'tlla. 

sneexu  (to),  hii'sEm. 
•«    (a),  s'hi'svin. 

•nore  (to),  Q^'kwora. 

snoring,  Qo'EQt'kwom. 

snow  (to),  ye'yuk. 
M     8ye'>uk,  nft'lcR. 

snow-shoe,  tciiliawiiByil. 

soak  (to),  tlK'lket. 

sock,  tca'Qiuvil. 

soft  (easy  to  UMk),  Hu'pkum,  ke'skft. 
„  (to  the  tovcfaX  l6'akwom. 

sold,  Qa'Qiuro. 
solid,  s'tEse'wfll. 
sole,  eOft'tseoBl. 

■ome,  telf!'uk%  kwE. 

song,  ste'lEm. 

]  tB  la  kais  =  •  now,'  •  this  time.* 
\  WL*%  b«'tsis  =  •  not  long.' 

soot,  kwft'itcEp. 

sore,  blister,  kwakwa'tcis. 

*  I've  blistered  my  hand/  kwakwft'- 
teis-tcU  t^l  tcalL 

soup,  clop. 

sour,  tii'tEtsnm,  sft'sBqm. 
BOW  (to),  pels, 
sowing  seed,  klft'pkBls. 
spawn,  kBln'q. 

sparks  (those  that  faU  in  white  flakes), 

tEkwa'tsBp* 
speak,  tell,  talk,  say  (to),  skwiih 
Spine  (of  the  body),  s'q*wftU8M'ts. 

„   (of  afish).s'q'wa'lis. 
spinal  cord,  kwu'tIj]Ua. 
spit  (to),  sqB'tltca. 

'  spit  it  out,'  sqsa.tia'. 
splash  (to),  Rla'lEtem. 
splinter,  yhE'tsEs. 
split  (to)  (a  pole,  dec),  suk'Q. 
»      „  (a  blodc  &C.),  p6'iik*Q. 
„    or  broken  object,  spEp^'okl). 

'  it  is  split,'  spE{>6'ak'<i. 
spoil  (to),  kBlke'i. 

*  IVe  spoiled  it,*  Ulk«l(B).lQq>toa. 

•he's     „        ,.  kElkBl(K)-laq-E8. 
spoon,  ladle  (of  wootl),  kll'awBtL 

„      „     (of  horn),  qil'lo. 
spot,  stil'liik. 
sprain  (to),  tVi. 

*a  sprained  foot,'  tTi-iiyil. 
spring  (season),  t£m  kwuElKs. 
sprinkle  (to),  tln'ltist. 
Spnmt(to)  (from stem  of  tree),  tsc'im 

„       „    (from  root),  kwa'kEl. 

(said  of  buds),  tutlBtev'lBm. 
•praoe-tree  (Plcea),  skutlp. 
sqiiafO,sti]tilft'kBl. 
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aqmeie  (to)  (batween  tha  hands), 

pe'tsut. 

„  (between  the  shoulders 

or  body),  klfi'ik-nt. 
„  (aSTthing  that  bnrsts,  as 

eggs,  &o.)i  mO'k  at. 
•quint  (to),  splpft'lyills. 
squirt  (to),  t&'litram. 
Btale,  slu'k-iii. 
stand  (to),  tlEHc'liH. 
star,  kwft'sil. 
stare  (to),  kwa'kwAtoitifl. 
starve  (to),  QtUs. 
•teal  (to),  kill. 
St  cam,  spri'lcOEm. 
step  (to),  ta'tokilEtn. 

(a),  citsitaaldlsin. 
•teps,  stairs  (said  when  .it  tho  to{»l(X)king 
down),cu'tlKpBl;  when  at  the  bottom 
looking  up,  the  t«rm  is  cAkOkwe. 
•tew  (to)  ('  Irish'  fiisliion),  kwelst. 
•I  stewed  this,' tla  skwclst-  tB  elsa, 
verbatim  '  this  is  stew  the  me.' 
•tew  (a),  akwebt. 

„    (to)  meat,  skwidBm. 
•tick  (to),  klek  ut. 
•tt^.  ta'kttkk. 
stiff,  tsuts. 

•tring,  kwiliH  =  '  to  shoot,'  has  refer- 
ence to  string  of  the  bow. 
stink,  stench,  pe'pitsam,  kllskap. 
stir  (to),  kwt'Bklet. 
stone,  smalt. 

„     diminntiTe  fonn,  semHet 

stoney,  smaraii'lt  . 
stoop  (to),  kupa'ssm. 
stop  (to),  klBla'q. 
•traigfat,  tsuk*. 

stmng-e,  lAts. 

stranger,  aui'ta  Ics,  tEltcak'Q  a  ■  veiy 
far  off ' ;  the  latter  term  is  employed 
only  when  the  speaker  knows  the 
stranger  has  come  from  some  distant 
Tillage  or  place. 

strawberry  ( FragaHa  tp*},  aSya. 

strap,  mnqslmKl. 

•troy,  wander  (to),  mi'lBmiL 

stream,  sta'tElu  (dim.  of  liver). 

strength,  power,  cwli'm. 

stretch  (to),  a'tBt, 

atxtke  (to)  (with  stick,  kc),  kwalcwot. 
»»      •»    C^^^  hand),  tla'kwot. 
It      I*  0>7  throwing  something), 

Uk'jDit. 

stripe  (a),  skwrikwotOwS't& 
strong,  aiyi'tna. 

stninDle  (to)  (over  a  atiok,  kc.\  t1ak*'t1* 

„        (over  stump,  root.  Sec), 

tsA'iukyii, 

•tiiinpt  •k-Bhii'p. 
stutter  (to),  lOk^ltCB'to. 

stutterer,  ,»  

•ummer,  tm  kwftlakwn. 


•aok  (to),  k'miL'. 

suck,  darling  1  k''mri'tla  e'vEs  ! 
'  said  by  mother  to  her  infant, 
•nn,  •ntcwDin. 
sunbeam,  swel  or  swoil. 
sunrise, piluk-  (tE  slA'kwum). 
•anaet,  tsanq  „ 
sure,  certain,  sEe't,  k*il. 

•  I'm  sure,'  k"al-tcil. 
•nrprise,  astonishment,  luwii'tl. 

w     (with  sen^e  of  joy),  nsq^dji^' 

wbL 

swallow  (to),  mu'kat. 
•wear  (to),  kEtas'tdl  s  «evil  month.* 
•Weat(to),  lyri'kwnm. 
„       M    perspiration,  8ly&'kwum(^. 

fllftkwmB  =  Ban), 
■wen  (to)  (at  the  alomaoh),kEteB'tBm. 

„      „  SQE'tEm. 

.sweep  (to),  eQEtsut. 
•wcet,  k'&'ketEm. 
swim  (to),  tr'tcEm. 
swimming,  tc'tcitEm. 
swift  (of  mnniDg  water),  laQO'm. 
„     (of  animals,  Sco.),  ^fi^mHHbm, 
•wing  (to),  ke'ta. 


taciturn,  silent,  aui'ta  skwEltEla, 
tail,  slEpE'lits,  tlKpKlatstKl. 
take  (to),  kot. 

he  took  it,  kotES, 
tale,  skwE'lkwEl. 
talk,  tell,  epeak,  flkwtf. 
tall,  tluktii'mitst. 
tame  (to),  k  w&'k'WKl. 
taate  (to),  t'at. 
tattler,  kwElkwEl. 
teach  (to),  e'wis. 

I  will  teach  you,  owEs-Sii'ma-tcil-tca. 
tear  (to),  Qut. 
tearing,  QutQu'tEt. 
tear  {UivrinM)tak&B. 
teaee  (to),  he'tttsslik. 
tell  (to),  yi'tsust, 
telling,  yi'tsEra. 
tell  (to)  a  story,  kwE^kwKl. 

you  tell  a  atory,  kwE'lkwi:l-fouq. 
tent  (of  matting),  sl&welaa't,  kii'lBoiBl, 
thank  (to),  ts'et. 

that,  tE  si'  (masc),  sBril'  (fem.)  tE 

lAti. 

thaw,  melt,  yet. 
it'e  thawing,  yet. 

he  is  thawing  it,  yrtsttt. 

melt  it !  yetE-tciui  I 
the,  tE  (masc.),  sE(fem.). 
thee,  thou,  tB  Ilia. 

there,  r-'kwe. 

tliey,  them,  to'tla-lEm,  yEsii',  tla'tlEm. 
thick,  pEtli't. 
thief,  kKlkrJ. 
thin,  tcime'l. 
think  (to),  tAlt. 
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thirst  (to),  pkTiTcr.la, 
this,  t£  la,  tE  e  la. 
thraah  (to),  kwft'lEkwftiEtl, 
tlumder,  qokq&'s. 
tikrow,c«st  (to),  lEmi'lstoq. 
throw  away  (to),  e'kwat. 
tiddo  (to),  ae'tsm. 
tie  (to)  a  knot,  kr'sit. 
„    up  a  bundle  with  string  going 
touid  it  in  diilomit  cUvBetioni, 

Sl'KlKtst. 

M    up  a  bundle  with  string  going 
round  the  centre  only,  leqok- 
wd'wet. 
tired,  weary,  ke'sEl. 
to>day,  tB  la  wai'yil  or  we'yil. 
to-morrow,  woyili's^toa. 
tooth-ache,  yilyi'lisEni. 
torch  (when  carried  in  the  hand), 

flift'kiit. 

tOMli  Cmkm  rtatiopiury  in  house), 

yc'EkwSil, 

'  light  the  torch '  (or  lamp),  yEkwo'- 
kstla  BE  ju'RkwtfL, 
tonch  (to),  pl'yit. 
track  (to),  ck5'£ltEL 
tail,  path,  ky&ktl. 
trap  (to)  (fiib),  siyalcBin. 
„    (for  fish),  sly&'k. 
„   ('  fall.'  for  animals),  td'tetf . 
„  (pit,  for  animalfl),  l&'pa. 

In  clifTging  these  they  always  con- 
structed a  V'Bhaped  bottom,  so 
that  tho  animal*!  lege  were  icwoid 
together,  and  it  was  oonaeqiientlj 

unable  to  leap  out. 

(noose),  <j€'KQakA«. 
(spring  made  by  bending  a  sap* 
ling),  defcfikftn. 
travel  (to),  Idtft'Uk'A 
tree,  skat. 

tremble  (to).  tl&'tq'tBm. 
trip  (to),  tlalcokud. 
try  (to),  tat. 

I  will  try,  tilt- tcil -tea, 
tumble  (to).  tsElk . 

(to),  said  of  person,  tsa'lisEm. 
said  of  things,  qKlst. 
twilight.  IB  CMi'ytt  or  tbd'yO. 
twist  (to)  (large  things),  qElst. 

(small    „  ),  qBlstS'wnt. 


ft 


n 


ngly,  ksaa,  kRl. 
uncover  (to),  kwf 'Elitct. 
under  (a  thing),  sl'pa'lEwEtl. 
,»     (the  ground,  deep  downX  tlnp. 
understand  (to).  t&tGlttq. 
undress  (to),  tlasa'm. 
uneven,  rough.  snurtliBBilkwftlBp. 
nnfittfeen,  nndo  (a  string,  &c.).  yu't^wot. 

(&  bim4io),yu'qwolet8t. 
(one*e  dotbee),  yuqwo- 
Ifiram* 


H 

n 


nnlMten,  nndo  (gate,  door,  fte.),  lnqs> 

yu'qwot. 

nnrlpe.  aa'a  kwEl,  ad  Htt.,  not  ripe, 
qete. 

Ursa  Major,  k'aiyg'its  =  •  elk.' 

The  Tcil'Qe'nk  rcpard.xl  the*  Great  Bear' 
as  an  elk  which  wandered  round  always 
in  the  same  circle.  ThfljtOiUI  tfatt  hoor 
of  the  night  by  it. 

Tillage,  yE-4)£'l£mnq. 
voioe,  skwEl. 
vomit  (toX  hai'yat 


wade  (to).  co'Eqsm. 
wait  (to),  il'lmitst. 
waiting.  ft'lmitCEl. 
wake  (to),  Ql. 
walk  (to),  6'miH. 
wall,  t&'niEl. 

wander,  stray  (to),  tcflqtcft'q. 

war,  qii'luq. 

^varm,  hot,  kw&'kwBi. 

wart,  su'pQEl. 

wash  (to),  s6Qiit. 

watch  (to).  k'we'jJkiJAt  . 

water,  k&. 

wave,  billow,  yftlitoa. 

we,  na,  tE  tlf  niEtl. 
w^k,  k'EkEla'm. 
weary,  tired.  kd'asL 
weave  (to),  kai'aiti^ 
wedge,  QEHC't 
weed,  sku'lEp. 
weep  (to),  qftm. 
weir  (for  fishing),  aljft'k*. 
when,  tBm  t&m. 

when  waa  that  madet  tiem  tftm 
ts(''tr:m  7 
where?  ElE'tca? 

•where  is  it 'T  ids'toa? 
whioh?  ts  lEtfla?  =  the  one? 
whisper  (to),  i.e.,  talk  together  in  low 

tones,  tl&'tlEkEm. 
whisper  (to)  in  a  person's  ear,  tlAlcnt, 
vrtiistle  (a),  cficfv'kfipBm. 

„      (to),  cu'pEm. 
whistling.  yHii'tlpAm. 
why?  lEtco'mt 
white,  pEk'. 
who?  wftt? 
vrfde,  stluktl't. 
widow,  cia'tEl, 
widower,  tse'ya. 

wife,  st&'lRs ;  lau,  when  addressed  by 

her  husband, 
willow,  Qa'ilalp. 
win  (to),  kiBQB'Ink. 
wind,  spEhii'ls. 
wind  (to),  k'Slk  nst 
window,  sknkwfttsa'stEl. 
wing»stlQk&'L 
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wink  (to),  tsttstkwH'sEm. 

winter,  tKiu  qii'it  or  qa'itla. 

wipe  (to),  6'akwot. 

wise,  lukai  'lr.s. 

witcb,  Boroerer,  yeu'ws. 

witehoraft,  sen'wa. 

with.  skfi. 


yawn  (to),  w6'wEkii8. 

yell  (to),  kwii'toBm, 
yellow,  gkwai. 
yes,  e. 

yesterday.  toilil'ka^U. 
you,  IB  Uewo'p. 


worthless,  bad,  Qu'aatf, 
wiilig  (to),  p'e'tsEt. 


I'll  go  with  you,  l&m-toil  ska  is  Ifla. 
woman.  slft'lT. 
wood,  tank  su'k  i:t, 
wool,  yam  (of  moiintaiD>0oat),  A'b, 


An  MuJysU  of  the  above  list  of  woids  ehowa  many  synonyma.  Stmie  of  tbeae  m 

certainly  non-IIalkomc'lKm,  and  are  possibly  remains  nf  the  older  Tcil'Qo'nk  speech. 
A  compariiion  of  the  Tcil<^'uk  vocabulary  with  the  Kwa'ntlKn  will  iUostrato  the 
Average  or  oommoii  diflsrooota  and  timtUultiea  foand  in  tbe  HalkOmfilan  dialects. 
The  aabatitntlon  of  *  Tfor  *  »*  makee  the  dUbrenoce  aeom  greater  than  they  really 
arc 


Th«  Fila'tlq  are  a  amall  tribe  on  the  tower  GhiUiwadt  Biver,  nmn- 
bering  now  about  five-and-twenty  ;  fonnerly  they  were  more  populooa. 
Tlioy  border  on  tlie  Tcil'Q^'  uk,  the  old  dividing;  line  of  the  two  tribes 
lying  l»etwcen  the  modem  white  settlements  of  Sardis  and  Chilliwack. 
This  tribe  was  formerly  divided  into  five  villages  or  camps,  named  respec- 
tively QwiUe  WMj  SqBla'tUuQ,  Sk'uxdOy  TcutVl^  and  iStcd'tcuuU. 

The  first  was  ao  named  from  a  large  boulder  whidi  lay  in  the  stieam 
close  by  the  village.  This  rock  waa  once  an  old  woman,  a  seuto^l^  or 
witch.  She  was  turned  into  hor  present  shape  by  (jtUa,  the  Tranaformer, 
for  venturing  to  contend  w  itli  him  in  magic.  Her  metamorphosis  came 
alx)ut  in  this  way.  One  diiy  iiaving  heard  that  Qals  was  at  Yale,  pitting 
his  powers  against  those  of  a  noted  shaman  there,  and  was  about  to  come 
down  the  river,  she  urinated  in  a  little  reoeptaele  of  baaketry  with  the 
intention  of  usuig  the  liquid  to  tewoe'l  (bewitch)  Qala.  When  they  met 
Qals  derided  her  attempts  to  overcome  him  and  tamed  her  into  the  rock. 
Said  he  :  '  You  are  a  very  poor  sort  of  8euwf*l.  I  can  do  what  I  like  with 
you.  T  will  punish  you  by  transforming  you  into  a  l)oulder  and  placing 
you  in  the  stream.'  This  he  did,  and  also  the  little  receptacle  she  had 
uaed ;  and,  placing  it  on  her  shonldera,  turned  it  likewise  into  a  stone. 
Both  may  be  seen  there  to  this  day. 

The  second  was  so  name<1  because  of  a  painted  post  in  the  bottsetfaere^ 
JSgEfa  utr/Q  mofiTiing  the  'paint^l'  or  '  nmrkrd  '  lionse. 

Tho  third  iuid  fourth  were  called  after  sloughs  on  which  the  villages 
were  situated. 

The  fifth  was  so  named  because  the  deceased  of  this  village  were 
always  carried  down  to  TeSfVl  to  be  buried.  The  term  signifies  *a  going 
down.' 

I  was  unable  to  gather  any  information  from  any  of  them  as  to  their 
origin.  At  present  tiiey  all  livo  together  in  one  settlement,  close  by  tho 
landing  at  Chilliwack.  Th<!  Tiame  of  their  present  chief  is  QKlh''ine1tnQ 
wiiick  is  derived  from  qK]kt=to  'show,'  'display,'  'mark,'  and  the 
^tiketio  radical  for  '  house.'  They  have  a  traditioD  of  &e  first  vidte 
man  who  came  among  them  about  seventy  years  ago.  They  call  bim 
Mieiffd  and  say  he  was  a  Hudson's  Bay  trader. 

There  were  thn^  classes  of  shamans  nmonjij  the  Pila'tlq,  viz.,  tho 
nqEliim  or  healer,  the  aeu'wa  or  fortune-teller,  and  tho  scuxoe  l  or  witdi. 
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The  functions  of  the  SQBld'm  among  the  Plla'tlq  do  not  differ  materially 
from  those  of  the  members  of  his  class  elsewhere.  The  seu'ina  iiiterpreta 
dreams  and  understands  the  mysteries  of  omens  and  portents  (gBDiendlj* 
The  tmwi^l  ia  a  witeh  or  aofeerer.  Members  of  either  sex  may  fill  this 
ofllee.  These  individuals  are  said  to  use  a  mystic  Ian«j^uage  of  their  own. 
They  are  paid  for  their  services  by  gifts  of  blankets.  They  are  employed 
to  injure  an  enemy,  to  hold  converse  with  the  dead  and  with  ghosts 
(poplakwe'tsa).  Their  meihods  of  workin;^  were  thus  described  to  mo. 
When  a  seuivt  'l  wishes  to  injur©  someone,  he  (or  she)  takes  some  water 
ftt  sundown  and  washes  his  hands  with  it,  repeating  at  the  same  time  the 
name  of  the  person  to  be  banned.  This  poor  individual  will  then  fall  into 
fils^  and  black  spots  will  appear  on  his  body.  If  the  feeling  of  anioioeity 
l^pdnst  the  victim  be  very  great,  he  will  probably  drown  or  hani?  himself. 
Another  course  is  for  the  tienirrl  to  secure  some  garment  or  other 
belonging  of  the  person  to  be  attacked  and  to  utter  mystic  words  over 
it.  Muvtt  wete  commonly  employed  by  the  relatives  ci  a  deoeaeed 
person  to  hold  conTorse  with  the  ghosts  of  the  dead,  and  to  bid  them  go  away 
and  never  come  back  and  trouble  the  surviv(»s  again.  They  were  present 
also  at  tli(>  ceremonial  bathing  of  i\v  relatives  and  friends  of  the  deceased 
on  the  fourtli  day  after  burial,  aiid  when  the  mourners  were  bathing  they 
would  gu  through  their  ceremonies,  such  as  washing  their  hands  and 
blowing  water  from  their  mouths.  They  did  this  to  drive  away  the  sick- 
ness of  the  deceased  from  the  Tillage  and  to  send  the  ghost  of  the  dead 
to  .son\e  unfriendly  settlement  to  cause  the  death  of  their  enemies  there. 

The  setm'ef  is  by  no  means  an  institution  of  the  past  among  the 
Pila'tlq,  notwithstanding  the  influence  of  the  priests.  The  seurce'l  still 
flourishes,  and  is  not  infrequently  employed  at  the  jiresent  time.  My 
infuruiants  told  me  that  the  services  of  the  «eutvc'i  are  invariably  em- 
ployed to  protect  any  of  them  when  brought  before  a  police  court  for  some 
misdemeanour  or  other ;  and  to  harm  the  policeman  who  arrested  the 
person  and  the  magistrate  who  sentenced  him.  It  is  clear  from  this  they 
yet  thoroughly  believe  in  the  powers  and  influence  of  their  teutve'l, 

SaknonMjftk, 

Very  long  tune  ago  there  were  no  salmon  in  the  river  except  the 
'  steel-head '  (keu'q).^  So  one  day  S'kKlau'  said  to  the  people,  '  Let  us  leave 
this  country  and  go  for  a  trip  down  the  river.'  Tsf^nht  (woodpecker), 
Tsckel  (bir<l  not  identified),  and  S'mnfq  ('buU  heaid  '  fish)  aL^reed,  and  the 
four  started  off  together.  They  went  down  the  river,  and  in  course  of  time 
came  to  a  village.  It  was  night.  '  »Said  h)'kKlau'  :  '  Look  at  the  smoke  :  it 
has  an  the  colours  of  the  rainbow.  This  is  where  the  Salmon  people  live. 
Now  I  am  going  to  steal  the  chiefs  baby  and  carry  him  off,  and  then  we 
shall  get  lots  of  salmon.'  So  he  presently  crept  towards  the  settlement, 
taking  Kwd't^l  (mouse)  -  with  him.  8'kElau'  threw  himself  down  in  the 
pathway  on  his  back  and  feigned  to  be  dead.  KwCi'tel.  made  his  way  to 
the  canoes  and  gnawed  holes  in  them,  and  also  knawed  the  paddles  in  such 
a  manner  that  a  slight  strain  upon  them  would  cause  them  to  break  in 
two.   Besides  the  Salmon  people  a  Kaia'tita  (snail)  dwelt  in  this  village. 

*  The  keA'q  Is  not  a  true  salmon,  but  n  species  of  tiout,  Salmo  Oairdiuri. 
'  After  the  manner  (jf  Indinn  myths  the  mouse  here  appeaiS  fromnowheref  aivl 
after  its  tattk  i»  compleleU  disappears  in  like  manner. 
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At  (Uybfwk  one  of  the  women  left  the  house  to  get  lome  water,  and  as  she 
went  to  the  stream  she  oame  upon  Beaver  lying  upon  his  haek  in  the  paUi 
apparently  dead.    She  had  never  seen  anything  of  the  kind  before,  and 

bnc.'ime  Mlrirmc»<l,  and  cried  out  to  tlip  iitlmrs  to  comn  ami  soo  the  CJalnhmi 
(spint,  s  upernatural  being).  They  all  rushed  down  to  soc  the  strange  thing. 
No  one  knew  what  it  was,  and  all  expressed  surprise  and  fear,  the  more 
timid  bidding  the  rasher  not  to  go  too  close.    As  they  sUkkI  giuing  and 
wondering,  one  ran  down  from  Uie  village  and  pushed  the  crowd  astde, 
saying,  *  Let  me  see  htm  ;  I  think  I  know  that  person.'   This  was  Kt'Ct'q^ 
the  '  steel-head  *  salmon  ;  who,  when  ho  saw  the  Beaver,  said  :  *  I  have 
met  this  person  before  in  my  visits  up  the  river.    You  must  be  careful  of 
him,  he  is  a  very  crafty  feUow.    (iive  me  h  knife  and  I  will  cut  him  open, 
and  you  shall  see  what  he  has  in  his  mind  ;  he  is  here  for  no  good  pur- 
pose.' Aft  he  was  about  to  out  Beaver  open  Ttffukrt  and  Tt^kd  oame  fly  ing 
over  their  heads,  making  a  great  noise  and  attracting  everybody's  atten- 
tion.   They  all  left  Heaver  jhuI  eiidoavonied  to  catch  the  birds.  The 
latter  pretended  to  be  lame  and  enticed  the  people  to  follow  them.  While 
everybody  was  trying  to  secure  the  stran^'o  birds  S  kF-hau'  opened  his  eyes 
*nd  looked  about  him.   Seeing  all  the  people  preoccupied  with  his  friends, 
be  quickly  made  his  way  to  the  house.   Inudo  he  saw  a  baby  hanging 
from  the  swing-pole.   In  a  moment  he  snatched  it  down,  and  making 
etraaght  for Uie river  plunged  in  and  carried  it  off.   T^^tk%  who  had  been 
watching  him,  now  calh'd  out  to  T:<rk^f  to  make  for  thecaiu>e.    When  they 
got  there  they  found  iJeaver  waitin;:;  for  them  with  the  baby  in  liis  posses- 
sion.   They  instantly  paddled  ofi*.    The  Salmon  people  then  rushed  for  their 
canoes  and  gave  chase  to  them.    But  no  sooner  did  the  paddlers  bend  to 
their  work  than  the  paddles  snapped  one  after  another.   The  water,  too, 
fcmed  its  way  through  the  holes  in  the  eanoes  made  by  Kwa'idf  so  that 
they  could  make  but  poor  headway.  A  few  of  them,  however,  whose  canoes 
and  paddles  Mouse  had  overlooked,  did  better,  and  steadily  •jained  upon  the 
fniritives,  who  were  stupidly  paddlinj;  with  the  edge  instead  of  the  Hat  of 
the  paddle.    Presently  they  passed  by  a  point  where  Kaia'lUa  (the  snail) 
was  standing  watching  the  chase;   Seeing  them  paddling  with  the  edge 
of  their  paddles  she  cried  out  :  '  Paddle  with  the  tlat  of  your  paddles  and 
yoa'U  get  along  faster.*    They  followed  Kaia'tlla'a  advice  and  soon  gained 
upon  tneir  pursuers,  wlio,  seeing;  they  were  losing  gmund,  presently  threw 
their  paddles  aside,  jumped  into  the  water,  and  iM'gan  to  sw^im  aft^r 
tht'ui.    When  8'kEiau'  and  his  friends  ^ot  up  the  Eraser  as  far  a^  the 
C.iquitlum  River  they  took  off  the  baby^  skilaU  (under-garments).  One 
of  these,  a  dirty  one,  tliey  threw  into  this  stream.   Uenoe  ibtj  went  on 
to  the  Cbilliwack  River,  and  int  o  this  they  oast  another  tkUaU,  this  time  a 
clean  one.  They  went  on  to  the  Harrison  River  and  dropped  another  there, 
and  thence  to  Yale,  on  the  Fraser,  where  there  was  a  ts'td'kq  (tish-weir). 
On  the  lower  side  of  this  they  dropped  the  child  ;  whereupon  the  water 
began  to  rage  and  boil.   The  four  adventtirers  now  separated  and  went 
up  different  creeks  and  became  ela^lakum  (supernatural  beings). 

From  this  time<mwards  the  salmon  have  visited  annually  the  streams 
mentioned  ;  but  beeause  the  dirty  skilntl  was  thrown  into  the  Coquitlum  the 
salmon  taken  in  that  river  are  bad  and  difficult  to  dry.  At  the  Harrison 
something  kills  the  salmon,  and  they  die  in  great  numbers  there.  In  the 
Chilliwack,  on  the  contrary,  they  are  good  and  fine,  and  are  easily  dried 
and  cured. 

There  are  many  points  in  this  stoiy  which  reeell  the  maaner  in  whicli 
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SIcbIaii'  seenred  fire  for  the  np-riTer  Indians.  Sfaamtoinff  death  in  this 
manner  is  evidently  a  common  subterfuge  of  SIcBlau'.  In  the  N'tlaka''^ 
pamnQ  story  his  assistant  was  the  eagle.  ^ 

The  Origin  of  the  Tut  em  of  the  Sqoi'aqi  -  ttnd  Cilmu'qtcis  at  told  hy  the  Pi/a'tlq* 

Thoceonce  lived  a  young  man  who  was  afflicted  with  tlcdm  (leprosy). 
He  was  very  ill,  and  cried  all  the  time.  So  burdensome  was  existence  to 
him  that  he  determined  to  end  his  life.  So  he  went  to  a  lake  wliich  was 
inhabited  by  '  Sla'lakum  '  (a  kind  of  water-sprite)  with  the  intention  df 
drowning  himself.  Two  creeks  led  out  of  this  lake.  Up  one  of  these  he 
went,  and  as  he  did  so  he  perceived  a  kd'kua^  (salmon,  *  sockeye There- 
upon he  oat  a  stick,  and  having  pointed  it  speared  the  salmon  with  it. 
Ho  then  made  a  fire  and  roastecl  the  fish,  with  the  intontion  of  ( fUini:  it. 
When  cooked  he  laid  it  on  some  leaves  and  sot  contemplating  it  for  some 
moments.  Presently  his  attention  was  drawn  away  from  the  salmon,  and 
when  he  looked  again,  in  place  of  the  fish  he  perceived  a  pijnifui'm 
(frog).  He  turned  aw.iy  in  disgustand  proceeded  up  the  creek  to  the  lake. 
When  he  arrived  there  he  undressed  himself  on  a  projecting  rock  and 
jumped  into  the  lake.  He  sank  down  and  lost  consciousness.  After  a 
while  he  came  to  himself  again,  and  was  greatly  surprised  to  find  that  he 
was  lying  on  the  rock  from  wliich  he  had  a  little  time  before  plunged  into 
the  water.  '  Why  cannot  I  die  i '  he  cried,  and  shed  many  tears  again. 
Presently  he  determined  to  cast  himself  in  again.  He  took  the  plunge, 
and  felt  himself  sinking  down  into  the  depths  of  the  lake  without  loss  of 
consciousness.  Down  deeper  and  deeper  he  went,  and  presently  he  found 
himself  lying  on  the  roof  of  a  house.  This  was  the  habitation  of  the  lakf 
people,  who  were  startle<l  by  his  fall  on  their  roof,  and  sent  one  of  their 
numl>er  up  to  sec  what  was  there.  He  perceived  the  young  man  and 
reported  tnat  a  *  Sla'lakum ' '  was  there.  He  was  then  brought  down  and 
treated  with  great  hospitality.  The  Siii'm  gave  him  hb  daughter  to 
wife.  She  and  othors  among  them  were  sick.  This  sickness  had  been 
caused  by  himself.  Ho  had  spat  in  the  lake,  and  his  tears  had  also  fallen 
into  the  water.  This  had  caused  a  sickness  to  fall  upon  some  of  the  lake 
people.  It  was  always  thus.  If  any  of  the  earth  people  spat  in  the 
water  it  caused  sickness  among  those  who  lived  below.  He  wiped  ofl* 
the  spittle  from  the  girl  and  she  was  stra^htway  cured.  He  healed  the 
others  in  like  man  n <  •  r.  While  among  the  water  people  he  saw  the  S^'aqi 
and  the  Cilniu'fjfris  for  the  first  time. 

Tn  the  meantime  his  parents  and  the  rest  of  the  family  had  gone  up 
the  river  towards  Yale  to  catch  and  dry  salmon.  In  this  lake  of  the 
Sla'lakum  lived  the  Kokilac  and  the  Skh.fa'Uf  who  wanted  to  get  out  into 
the  Eraser.  So  they  dug  and  d  ug,  till  at  last  they  came  up  through  a  hole 
near  Tale.  The  youth,  who  had  watched  and  followed  them,  also  came  up 

*  See  the  writer's  notes  on  tho  K'tlaka'pamaQ,  Third  Heport  of  the  Committee, 
1890. 

*  The  ^oi'aql  is  aslrangedookingmask  wit}i  feathered  head  and  starinf^  ojea,siid 
the  Cilmu'qtcis  is  a  rattle  innde  from  the  hoofs  of  tlie  deer.  Thi.i  totem  ptajS  an 
ixsportaot  part  in  the  ceremonies  and  customs  of  the  UalkOme'lEm  tribes. 

*  It  would  appear  from  this  that  mortals  were  «/a7<7A;wm  to  the  water  beinffs  as 
much  as  the  latter  worn  to  tho  cnrth  people.  This  term  sla'lakum  is  ditlicult  of  direct 
translation  into  English.  A  sla'lakani  is  not  a  f2h«wt  or  spirit,  but  a  being  of  a 
dHfereat  oidsr  f lem  a  ntottsL  They  inhabit  uonntaim  and  fors«>ta  as  well  as  lakea 
Thair  analogue  is  lovad  amongst  most  peoples  at  wroe  stage  of  their  culture. 
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at  the  aauie  place  and  floated  about  on  the  water.  It  was  death  to  any 
person  now  to  look  upon  him  unleas  healed  by  himself  Not  far  tnm 
iRrhere  he  was  his  parents  and  sister  were  fishing.  The  latter  presently  camb 

hy,  saw  him,  and  straightway  fell  sick.  He  then  left  the  water  and 
went  to  her  and  healed  her.  They  then  went  home  together.  When 
his  parents  saw  him  they  too  fell  sick,  but  he  healed  them  also. 
And  su  it  was  with  all  who  cume  in  contact  with  hiin.  All  fell  sick 
because  he  was  Mlakum,  for  whoever  looked  upon  «  beioff  of  this  kind 
became  sick  unto  death.  He  healed  them  all  so  that  no  one  med  because  d 
him.  Shortly  after  he  sent  his  sister  to  the  lake  to  fish,  and  bade  her  use 
feathers  for  Lait,  and  not  to  be  frightened  at  anything  she  heard  or  saw. 
She  did  as  he  bade  her  and  threw  in  her  line,  and  presently  felt  that 
the  bait  had  been  seized.  She  drew  in  the  line,  and  the  water  people 
came  up  to  the  surface  wearin<^  the  sqiti'aql  and  using  the  rattle.  They 
danced  for  a  wbile^  and  then  presented  her  with  the  sqoiaql  and  eilma*qteU, 
After  this  they  descended  again,  and  she  went  home  with  her  gifts.  Her 
mother  then  nuwle  a  skiMim  (big  basket)  in  which  the  girl  put  away  her 
presents.    At  her  marriage  she  was  given  the  nqoiaql  an<l  rattle. 

This  incident  is  .said  to  have  happenefl  at  the  village  of  71  ir>lta  litc^  a 
little  above  Hope.  It  is  noteworthy,  however,  that  sumewhat  diti'erent 
origins  are  given  by  other  tribes  to  the  Sqoi'aql  and  Cilmu'qteU, 

Mortuari/  Oiuiioms, 

As  the  ril;i  tlq  have  l>een  under  missionary  influent  PH  for  a  number  of 
years  most  ot  tlieir  old  customs  have  been  given  up  or  much  modilied.  In 
burying  their  dead  tiiey  now  wholly  adhere  to  the  customs  of  their  white 
neighbours,  but  formerly  they  disposed  of  them  in  the  following  manner. 
Immediately  upon  the  breath  leaving  the  body  the  spofdkwr'tsa  (corpse) 
was  carried  out  of  the  house  and  wasfied  in  warm  «>i'  eold  water.  1/sually 
four  men  performed  this  task,  and  wiiile  tin  y  were  enij.i^ed  in  their  work, 
if  the  deceased  or  his  relatives  were  people  of  rank  and  wealth,  the  j^^oi  a^yl 
would  be  hired  to  dance  the  U'qdte%  or  *  wash-down  dance.'  Alter  tiie 
corpse  had  been  washed  it  was  painted  I'ed  ;  the  hair  was  then  smeared  with 
grease,  and  a  quantity  of  eagle-down  was  spread  upon  it.  The  body  was  then 
doubled  up  and  wrappe<l  in  blankets,  and  the  sqoioijl  performed  another 
dance.  After  this  it  was  conveyed  to  the  burial  grounds  and  deposited  in 
t  he  family  coliin.  This  receptacle  was  a  large  box  capable  <»f  holding;  the 
remains  of  several  persons.  In  the  case  of  chiefs  or  wealthy  persons  figures 
of  animals  or  birds  were  carved  upon  it.  After  the  itpoUHewe^Ua  was  laid 
away  the  sqoi'aql  gave  another  dance  and  the  mourning  began,  and  the 
funeral  party  returned  to  the  villai^'e.  Four  dnyn  later  all  the  mourners 
took  a  bath,  and  a  feivst  wa.s  then  held  if  tlie  relatives  of  the  deceased  were 
people  of  rank  and  wealth,  and  niany  presents  were  distributed.  Everyone 
received  something.  Nothing  of  tlie  dead  man's  pei'sonal  belonging  was 
kept,  and  if  the  presents  were  not  enough  to  go  round  among  those 
aasembled  his  brother  or  other  relatives  supplied  what  was  needed.  The 
object  of  disposing  of  everything  that  Ijelonged  to  the  deceased,  I  wfis 
informed,  was  that  the  survivors  should  not  be  reminded  of  tlieir  lo^s  l»y 
the  sight  of  them.  Occasionally  a  wife  mourning  the  death  of  her 
husband  would  set  aside  and  store  away  tiome  garment  belougiug  to  him, 
and  in  after  years,  when  the  had  amassed  much  property,  she  woi^  hold 
a  great  f^t  and  give  it  all  away.   During  the  iMst  she  would  bring 
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this  garment  oat  and  display  it  to  her  guests,  and  dwell  in  a  moumlul 
strain  upon  the  many  virtues  of  her  late  husband.  Her  words  usually  stirred 

the  feelings  of  others  of  the  relatives  of  the  deceased,  and  they  were  moved 

to  do  likewise,  and  much  property  was  again  given  away.  These  gifts  wore 
made  oiitnn;}it  :  they  woro  not  *  potlatchcd,"  and  no  obligation  rested  ui)on 
the  recipients  to  niakr  any  return.  TlmuLjli  \\  hen  .s(»nie  connection  of 
theirs  passed  away,  ami  they  gave  a  burial  fcii^t,  they  specially  remembere<l 
those  who  had  been  generous  to  them  under  similar  cireumstanoes,  and 
treated  them  in  like  manner. 

The  name  of  the  deceased  must  not  be  mentioned  in  the  hearing  of 
the  surviving  relatives  till  some  years  have  elapsed,  when  his  son  gives  a 
feast  and  assumes  it.  During  the  feast  the  oldest  man  preseiit  Ljets  up 
and  publicly  states  tiiat  their  host  is  desirous  of  assuming  his  tather's 
name.  Those  piresent  aoquiesoe  in  this  desire,  and  tlie  son  is  Known  henoe- 
forward  by  the  name  his  father  bore.  The  reason  of  this  lapse  of  time 
between  the  Other's  death  and  the  son's  assumption  of  his  name  or  title 
is  due  to  their  conception  of  the  state  of  the  soul  or  spirit  aft<'r  death. 
The  itfipht/cof'tsa  (ghost)  of  the  dead  is  supposed  to  Iiaunt  the  scenes  of  its 
life  for  a  longer  or  shortt^r  time,  and  if  the  son  assumed  the  name  too 
soon  the  popldkoe'lsa  of  his  father  might  exercise  a  baneful  influence  upon 
Mm.   Hence  the  delay. 

All  tiie  mourners  cut  their  hair  and  burn  the  severed  parts.  They 
did  not  cut  the  hair  all  round  their  heads,  but  only  that  on  the  fore- 
head and  temples  as  fiir  back  as  the  ears.  Those  who  tended  the  corpse 
were  apparently  a  distinct  order  or  class.  They  could  not  mingle  with 
the  rest  for  a  time.  They  had  first  to  undergo  some  kind  ol'  purification. 
They  were  called  ^topldhd^tsut  that  is,  '  corpse  handlers.'  When  they 
had  finished  with  the  corpse  the  tQ]Ud'm  took  oharge  of  it  and  conveyed 
it  to  the  tomb. 

The  Kwa'niUn, 

In  my  studies  of  the  Kwa'ntlcn  T  was  asi>isted  by  a  native  named 
August  Sq'tetsn,  of  the  Fort  Langley  Beservation,  an  intelligent  and 
thoughtful  Indian,  who  had  been  tiained  in  his  yoonger  days  in  the 
mission  school  of  the  Oblate  Fathers,  and  who  had  a  very  tolerable  know- 
ledge of  English  ;  by  Jason  AUard,  a  fairly  educated  half-breed  ;  and  to  a 
less  extf'nt  by  an  elderly  Indian  woman  named  Mrs.  Elkins,  the  wifr  of  a 
white  fisherman  of  the  district.  If  my  studies  of  this  tribe  could  ha\  e 
been  begun  a  few  years  earlier  I  could  nave  secured  much  valuable  infor- 
mation now,  I  fear,  lost  for  ever.  A  noted  old  shaman  among  them, 
who  is  reported  by  the  natives  and  white  settlers  to  have  been  able  to  do 
many  strange  and  mysterious  things,  such  as  dancing  on  hot  stones, 
handling  live  coals,  and  drinking  or  otherwise  mysteriously  disposing  of 
enormous  quantities  of  liquids,  such  as  oils  or  water,  died  a  year  or  two 
ago,  and  with  him  passed  away  the  opportunity  of  acquiring  first-hand 
information  on  many  of  their  old  customs,  practices,  and  beliefs,  thus 
affording  another  illustration  of  the  need  there  is  to  push  our  incjuiries 
and  observations  without  further  loss  of  time.  Most,  if  not  all,  of  the 
present  Kwa'ntlEn  have  been  born  since  the  settlement  of  the  Hudson's 
Bay  post  in  their  midst,  and  their  early  contact  with  the  whit<;  men  con- 
nected with  this  and  their  long  training  by  the  Fathers  of  the  Oblate 
Missiop  have  much  modified  uid  changed  their  habits  and  lives.  The 
whole  tribe  Is  now  under  the  leligious  care  of  this  mission,  and  all  the 
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present  Kwa'ntlF.n  are  converts  to  the  Boman  faith,  few,  if  any,  of  them 
holding  the  oM  belief  or  praotiiiiig  the  aid  customs  of  the  tribe,  which 
are  now  procticaUy  tniditioiis  only  ainong  the  present  members.  Conse- 
qnemtly  I  was  unable  to  get  such  full  or  detuled  accounts  of  the  past 
among  tlicin  as  among  some  of  those  who  came  later  under  white  or 
missionary  influence. 

Ethnography. 

The  Kwa'ntlKii  we»*e  formerly  one  of  the  most  powerful  and  extensive 
of  the  river  HalkOme'lEni  tribes.  Their  territories  extended  from  the 
mouth  of  tlie  south  arm  of  the  Fraser  up  to  the  present  settlement  of 
Hateic,  which  is  about  sixty  miles  from  salt  water.  They  tonsequently 
occupied  or  ( ontrolled  more  than  half  of  the  HalkdmS'lBm  lands  of  the 
mainland.  They  touched  the  QmuskV Evi  of  the  north  arm,  and  the 
SF.wd'rEn  on  tlie  sound  on  their  v.est  ;  the  Kf'tal  on  Pitt  lliver,  a  tribu- 
tary of  the  Frasoi,  which  enters  the  river  a  little  above  New  Westminster; 
the  Snonkwe'amhtJ,  uf  the  Indian  village  of  Sml' kwamEtlf  a  tribe  now 
wholly  extinct  and  well-nigh  forgotten  ;  the  Mcu^'qul^  whom  tliey  drove 
back  from  the  river  front,  in  their  centre  ;  and  the  IfEka'mRn  on  their 
east.  Their  occupation  of  the  upper  part  of  this  territory  dates  only  from 
the  founding  of  Fort  Lanj^ley  by  the  Hudson's  Bay  Company.  Prior  to 
this  they  were  mainly  settled  at  or  near  what  is  now  the  city  of  New 
Westminster.  Adjacent  to  this  old  settlement  was  the  limited  territory 
<tf  the  Kwf'kwitlBm  tribe^  who  are  said  to  have  formerly  occupied  these 
lands.  They  were  a  subject  tribe  held  in  servitude  by  the  ^wa'ntlxn, 
who  treated  them  as  their  slaves  and  servants.  According  to  one 
Kwa'ntlEn  tradition,  they  were  brought  into  being  for  this  purpose. 
Historically  considered,  they  are  probubly  a  non-Halkome'lEm  people  and 
the  predecessors  of  the  Kwa'ntlEn  in  that  portion  of  the  delta.  They 
number  but  a  few  souls  now,  and  their  long  association  and  later  inter- 
marriages with  the  Kwa'ntlsn  have  apparently  effectually  eflkoed  any 
ethnic  differences  they  might  once  have  exhibited.  Archa>oIogical  investi* 
gations  show  occupation  and  settlement  of  the  old  centre  of  the  Kwa'ntlEn 
people  centuries,  or  per!m}>s  millonmums,  before  the  HalkomulBn  tribes 
could  ha\  c  arrived  on  the  river. 

The  present  village  settlements  of  the  Kwa'ntlEn,  as  enumerated  by 
my  informants,  are  ai  foUowi,  the  order  being  from  east  to  west  down  the 
liver : — 

Sqai'&ts^  on  Stave  River, 

BS^nak,  a  division  a  few  miles  below  the  mouth  of  the  Stave  River, 
which  has  given  the  name  *  Whonnoch '  to  the  white  settlement  and  rail-* 

way  station  of  that  vicinity. 
Kwa'ntlEn^  at  Fort  Langloy. 
Soai'mnEtl,  at  New  Westminster. 

JCikait,  at  Brownsville,  on  the  opposite  side  of  the  river. 

The  Kwa'ntlEn  have  always  regarded  themselves  as  the  head  of  the 
tribe,  the  slain  of  this  division  being  always  ti»e  supreme  chief  of  the 
whole  tribe.  I  could  not  obtain  tlic  orii^inal  signification  of  the  term 
Kwa'ntlEn.  Formerly  they  used  to  call  themselves  tv.  sla'7n-Kim''nfh:n, 
•  the  royal  Kwa'ntlEn,'  or  *  the  Kwa'ntlEn-royaL'  They  were  undoubtetily 
once  a  numerous  and  powerful  tribe,  and  are  known  to  have  kept  nndia> 
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puted  control  of  the  river  from  its  loutbem  mouth  to  the  borden  of  the 

JfEkd'mEn^  sixty  or  seventy  miles  inland. 

Of  their  origin  they  give  various  niytliiial  accounts.  Among  the 
Kwa'ntlEii  proper  the  lirst  uiaii  was  culled  k^wa'niiiEt,  meaning  '  to  appear 
or  come  in  m  mysterious  maimer.  He  was  a  iEn  Stei'yil, '  deacendaat  of 
the  sky,'  who  siiddeiily  appeared  on  the  Fraser  Biver.  Another  account 
makes  the  first  roan  a  iEn  Tlffmun^  a  descendant  of  the  e.-irth.  This 
latter  is  possibly  an  adaptation  of  the  Mosaic  account  of  the  first  man. 
"With  him  were  cremated  all  the  native  tools  and  utensils,  and  also  the 
KvoV kwUlK'ni  tribe  to  be  his  slaves.  His  name  is  given  as  ^k  wElselEin. 
Ttie  sia'm-Kwa'ntlEn  have  a  genealogical  record  of  their  chiefs  for  nine 
generations.   It  is  as  follows » 

1.  Sk'WElse'lEm  I. 

2.  bk  wElsti'lEm  II. 

a  Sk-w8ls$lBm  ni. 

4.  C^^tEt,  afterwards  changed  to  Sk'WEls^lBm  IV. 

5.  Sq'tctBn  I.   Sk  wElse'lEui  IV.  dying  without  male  issue  the  da'm- 

ship  passed  to  his  sister's  son  ;  hence  the  change  of  name. 

6.  Sq'tctEn  II.,  afterwards  changed  to  Siltl'mtRn,  which  has  reference 
to  thunder.  The  story  in  connection  with  the  change  of  name  was  for- 
gotten.  The  name  is  n  w'Oa  name. 

7.  Sq'tctBn  III. 

8.  Sq'tctEn  TV. 

d.  Sq'tctm  v.,  who  is  the  present  chief. 

The  original  signiEcation  of  tlicse  names  seems  to  be  forgotten. 

In  the  Hves  of  the  earlier  chiefs  certain  important  events  are  recorded 
as  happening.  Thus,  when  Sk-wElse'lsm  IT.  was  chief  a  mighty  conflagra- 
tion spread  all  over  the  whole  earth,  from  whu}h  but  few  people  and 

animals  escaped.  This  would  seem  to  refer  to  some  -volcanic  phenomena  in 
the  experience  of  their  ancestors.  During  the  lifetime  of  Sk  wElsO'lKni  III. 
a  great  flood  overwhelmed  the  people  and  acattered  the  tribes.  Then  it 
waa^  acoordiDg  to  the  Kwa'ntlsn  belief,  that  the  Nootsak  tribe  was  parted 
from  the  Sk'qO'mic,  to  whom  they  are  regarded  as  belonging.  They  also 
say  that  a  branch  of  the  Kwa'ntlEn  named  P^laeli  settled  on  the  coast 
somewhere  opposite  Alert  Bay,  and  they  assert  that  this  tribe  still  lives 
there  and  speaks  the  Kwa'ntlnn  language.  If  there  is  any  truth  in  this 
statement  they  have  not  yet  been  mad©  known  to  ethnologists.  When 
the  statement  was  first  wade  to  me  I  very  naturally  concluded  that  I  was 
getting  an  account  of  the  settlement  of  the  Bilqula  tribe,  but  when  I 
mentioned  them  they  assured  me  the  PelQeli  were  not  the  Bil([ula,  but  a 
distinct  tribe,  speaking  the  Kwa'ntlEn  tongue,  which  lived  beyond  the 
Bilqula  territories.  I  have  thus  far  not  yet  been  able  to  test  tlie  truth  of 
this  statement.  Tt  certainly  will  be  an  interesting  fact  if  the  Pe'lQeli  can 
be  found  and  identihed  as  Kwa  utlKn.' 

'  From  further  inquiries  sinco  tlio  above  was  written  I  am  disposed  to  think  this 
tradition  doeM  refer  to  the  Lilqula  tribe.  It  will  be  seen  that  J'l-Iq<'H  is  jix  rolv  a 
dialectic  variation  of  Bilqula.  In  speaking  with  the  Kwa'ntlEn  of  this  tribe  1  always 
usad  the  Eoglitsh  form  Cuola.   This  doui)tk.<s  misled  my  infomumtt.  More> 

over,  it  U  worthy  of  note  that  th.-  I'ilqula  themselves  Lave  a  tra'lition  connectin|f 
them  or  their  ancestors  with  the  Fraser  River  region.  In  the  important  mjth  of 
T9U»$o'nq  the  Fraser  Biver  is  given  as  the  place  of  bis  ociglii.  The  term  iWofli  also 
fiGcan  in  Bilqula  legends  under  the  form  Pelkhaay  or  Fdqan!.  It  Is  the  name  of  a 
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When  Sk'wBlBDiBin  IV.  was  living  a  eefteitt  and  prolongtd  fimliir 

deeimated  the  tril)e.    This  famine  was  earned  by  a  great  snowgtorm  of 

unusual  duration.  It  Wted  for  many  weck>.  Jt  may  )m'  incidentally 
remarked  here  tliat  tlie  Sk  qo'uiic  have  similar  traditions  of  a  (le\ astatinj; 
fluod  and  a  destroying  famine  caused  by  a  prolonged  snowstorm.'  It  was 
daring  the  tia'm-Bhipof  Bk'WBlaSleiu  that  the  Kwi'kwitlfim  were  sent  away 
Iron  their  very  desirable  camp  on  the  slopes  of  the  liill  upon  whioh  u!d 
mtj  of  New  Weatminater  is  built  to  the  marshy  fiats  opposite,  acrass  the 
river.  These  they  were  compollefl  by  the  K  wa'ntlEn  to  fill  in  witfaatonaa 
and  gravel  and  convert  into  iiahing  grounds  for  tiiem* 

Sociology. 

The  social  organisation  of  the  Kwa'ntlEn  in  pne-trading  days  seems  to 
have  b<'en  nmcli  the  same  as  that  (»f  the  contiguous  ►Salish  tribes.  They 
had  the  connuon  threefold  division  of  the  tribe  into  chiefs,  notables,  and 
common  folk.  They  lived  in  the  coumiunai  lon;^-house,  but  their  meals 
do  not  appear  to  have  been  of  iiie  oonunnnistie  order,  as  among  the 
Tcil'Qe'uk.  It  is  elear  from  the  genealogical  lists  of  their  chiefs  that  the 
office  of  sitt'm  was  pimotically  heroditaiy  among  them. 

In  their  marriago  customs  tliey  appear  to  have  departed  in  some 
respects  from  the  customs  usual  among  the  river  and  coast  Salisli.  Among 
them  the  choice  of  a  wife  or  a  husband  wris  never  left  to  the  son  or 
danghter,  but  was  always  made  by  the  parents  themselves.  When  a 
young  man's  future  wife  had  been  chosen  for  him  by  his  parents  he  would, 
after  the  manner  of  the  Sk'qO'mic  youth,  go  to  the  house  or  apartment  of 
the  girl's  parents  and  squat  down  near  the  entrance  for  a  longer  or 
shorter  time.  But  the  Kwa'ntlen  suitor  never  stayed  at  night.  He 
always  returned  to  his  own  home  at  nightfall.  If  he  were  a  youth  of 
rank  he  would  not  be  kept  waiting  long  by  the  girl's  jiarents.  Sous  of 
poor  parents  had  sometimes  to  wait  many  days  before  they  were  accepted 
by  the  girl's  relatives.  When  the  suitor  was  acceptable,  and  his  period 
of  waiting  was  over,  the  father  of  the  girl  would  call  together  the  elders 
of  the  tril^,  and  desire  them  to  select  from  among  themselves  an  inter- 
mediary to  acquaint  the  youth  of  his  success  and  le-ad  him  to  the  girl. 
The  suitor  must  reward  this  old  man  with  gifts  of  blankets.  He  must 
also  now  make  presents  <tf  bhuikets  to  tlie  girl's  father.  After  this  the 
father  of  the  youth  calls  his  friends  together,  and  they  all  go  to  the  house 
of  the  girl's  finther  and  present  him  with  blankets.  This  ceremony  was 
c.'illed  sV F.cfi^trtn.  When  this  ceremony  had  hern  performed,  the  father  of 
the  bride,  if  he  were  a  wealthy  man  and  a  person  of  rank,  hired  the 
sqoi'aqi  to  precede  his  daughter  iis  she  walked  from  the  house  to  the  canoe 
to  go  to  her  husband's  home.  The  father  of  the  youth,  if  he  had  a  good 
store  of  venison  on  hand,  now  gave  a  feast.  If  his  stock  of  provisions 
were  shorty  he  hired  some  of  tlie  skilled  hunters  of  the  tribe  to  procure 
fresh  game  and  fish  for  him.  These  he  took  to  the  house  of  the  bride's 
parents,  and  they  held  a  feast  there.  This  concluded  the  marriage 
peremouy. 

csrtsfai  ohi^  in  thdr  mythologj'  who  poFseaied  a  bome  dsooiated  with  Abdoas  ihsUs, 
the  term,  accordiDg  to  Dr.  Koas,  meaning  *  Abslone.*  Aaioog  the  Kwa'ntlEn  the 
■igniiteation  of  Peloeli  is  forgotteu. 

*  8ss  the  wiitei's  Notes  on  the  Oosmogony  and  History  of  the  Sqaamisb  Indians 
of  Siitiah  Odsmbia,  iVwM.  Jby.  Av.  Cbs,,  vol.  iiL,  ascfe.  ii«, 
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Originally  the  Kwa'ntlEn  were  endogamous.  They  would  not  sully 
their  'royal  blooil  '  by  niarr}'ing  among  the  neighbouring  tribe^i,  whom 
they  regiirdeU  a.^  inferior  Ui  themselves.  This  is  a  fact  of  importance  in 
the  consideration  o£  the  social  customs  and  institutions  of  the  tribe.  I 
WM  tillable  to  diaoover  anything  like  a  developed  iotemic  aystem  aBMmg 
them.  As  among  the  Tcifge^uk,  it  waa  euatomary  for  everyone  to  aeek 
personal  m'lla.  They  had  both  personal  and  family  crests,  the  most  im- 
portant of  which  was  the  sqoi'aqi  already  described.  The  owners  of  this 
crest  or  totem,  or  those  entitled  to  its  pri\  ileges  and  t!ie  use  of  it.s  strange 
emblems,  were  much-envied  people.  One  or  more  members  of  this  totem 
were  biied  by  wealthy  people  on  special  festive  and  eeremonial  oeoaaionB 
to  be  preaeint  and  lend  their  powerful  and  propitiona  inflnenoe  to  the 
event,  as  many,  sometimes,  as  300  of  them  being  present  at  the  name- 
giving  feast  of  a  chief's  son.  According  to  my  informants,  among  the 
Xwn'ntlEn  the  sqoi'aqi  was  not  a  .secret  society.  Its  membership  was 
recruited  and  augmented  by  marriage  only.  It  will  be  remembered  that 
the  creat  or  emblems  were  first  obtained  by  a  woman,  and  by  her  marriage, 
and  the  marriagea  of  her  deaeendants,  spread  among  the  river  tribea. 
Moat  tribes  on  the  river  contained  one  or  more  individuals  entitled  to 
use  the  sqoi'aqi  emblems.  When  we  consider  for  a  moment  the  social 
importance  the  po.s.sesfiion  of  a  crest  or  family  totem,  such  as  the  sqoi'aqi, 
gave  to  its  owners,  we  can  well  understand  how  personal  and  family  crests 
develop  sooner  or  later  into  gentile  totems,  ilacl  the  social  organisation 
of  the  HalkdmdlBm  tribea  not  been  intemipted  in  ita  develqiiDent  by  the 
advent  of  the  whites,  it  is  more  than  probable  that  in  a  few  generationa 
it  would  have  reached  a  folly  developed  totemic  system  of  its  own  ;  and 
that,  too,  without  extraneous  aid  or  suggestion.  The  sqoi'aqi  Imd  ita 
origin,  some  generations  aijo,  among  an  up-river  tribe  whose  members 
probably  were  entirely  ignorant  of  the  social  organisation  of  the  northern 
ooaat  mbm,  with  their  totemic  ayatema  and  aaevet  aoeMttiea.  It  would 
appear  to  be  the  natural  oatoome  of  primitive  oiganiaationa  where  the 
fatiah  baa  passed  into  the  su'lla,  and  theaa^  agaui*  bave  given  rise  to  the 
pe!*sonal  and  family  crest,  or  t(»tem,  as  among  the  river  tribes.  Among 
all  the  tribes  of  this  region  the  desire  for  social  distinction  is  the  jiredomi- 
nating  impulse  of  tlieir  lives  ;  and  as  personal  su'lia  and  other  totemic 
emblems  of  striking  character  or  appearance  bestow  social  importance 
upon  their  ownera,  it  ia  but  natural  to  expeet  to  see  theae  totemic  emblema 
and  crests  spread  and  increase.  The  tendency  to  do  ao  18  inherent  in  auoh 
aocial  bodies.  The  social  privileges  and  distinctions  accorded  to  the  owner 
of  a  potent  and  striking  totem  like  the  sqoi'aqi  by  his  fellow-tribe.smen 
would  as.sured!y  create  a  desire  on  the  part  of  those  who  did  not  possess 
or  share  iii  the  privileges  of  such  crest  to  possess  similar  ones  for  thein- 
aelvea ;  and  thk  deaire  would  lead  the  bolder,  and  more  imaginative, 
to  acquire  similar  oresta  or  totems  for  themselves.  The  origin  of  the 
•qoi'aqi  itself  is  an  instanoeof  this.  The  wholesale  acquisition  of  sulia 
or  ere.sts  of  this  kind  was  restrained  and  held  in  check  only  by  that  fear 
and  dre.id  of  the  '  mysteries  '  entertainetl  by  the  iiiajority  of  Indians.  Out 
of  this  restraining  fear  and  from  this  selfsame  desire  grew  the  secret 
•odaitimi  ol  the  ooaat  Satiah  and  Kwafcintl  tribea»  where,  by  the  payment 
d  lacgie  initiation  feea  and  the  perlormanoe  of  certain  eaoterio  oeremoniee, 
the  man  of  social  aspirations  could  obtain  admittance  into  and  a  share  of 
the  social  privileges  of  such  societies.  Dr.  Boas  has  shown  that  in  some 
tribes  a  man's  social  position  and  diitinction  depended  ei^tirely  upon  his 
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nembenhip  in  one  or  more  of  these  societi^    UnlMS  lie  wm  a  member 

of  some  sooipty  he  was  little  better  than  a  slave  ;  he  possessed  no  social 
Btatus  whatever.  The  social  organisation  of  the  river  iialkOmt'  lKrn  tribes 
hod  not  reached  to  the  secret  society  stage,  though  it  was  clearly  on  the 
point  of  doing  so  when  its  course  was  intwrupted  by  our  advent.  ^  It  wai 
jntfe  at  the  point  where  the  perwmal  and  liunily  toten  |NWea  into  the 
gentile  totem,  and  brotherhoods  and  priTil^ged  looietiei  ariie.  The  totem 
of  the  sqoi'aqf  makes  this  qxuto  clear. 

When  the  totomism  of  this  coast  is  viowed  in  the  light  thrown  upon  it 
by  a  study  of  tlie  tribal  organisations  of  the  ditterent  Salish  tribes,  itcetises 
to  appear  strange  that  it  differs  in  some  characteristic  features  from 
totemum  at  Idand  elaewhere.  The  totem  anting  here  oot  of  a  mythic 
adventure— in  other  words,  out  of  the  imagination  of  ite  owner,  or  that  of 
hia  ancestors,  or  from  individual  su'lia  actiuired  in  dreams  or  visions — it 
is  not  surprising  that  our  Indians  do  not  re<;ard  theniselvcs  ns  dov,«  onded 
from  the  prot<itypes  of  their  totems.  And  when  it  is  reiuenjiie red  that 
they  all  believed  that  animals  and  many  other  natural  objects  were  only 
tranaformed  men  and  women,  and  that  the  relation  between  these  and 
themselves  was  of  an  intimate  nature,  the  significanoe  of  this  feature 
becomes  the  greater.  If  their  totems  had  not  been  evolved  from  their 
earlier  su'lla,  nothing  would  have  been  more  natural  than  for  them  to 
regard  themselves  as  descended  from  their  totem  prototypes.  But  th<»y 
do  not ;  and  in  this  ail  competent  observers  agree.  It  may  be  that  among 
those  peoples  that  regard  themselveB  as  related  to^  or  descended  firom,  their 
totem  prototypes  nothing  equivalent  to  sullaism  existed.  Without  this 
intermediate  stage  it  is  possible,  as  many  primitive  races  look  upon  animals 
as  only  transformed  human  beinc^s,  that  the  totem  possessor  regards  him- 
self as  relat<xi  to  it  by  descent.  Personally,  my  experience  does  not  e.xtend 
to  such  races,  and  T  have  no  knowledge  of  such  concepts  ;  but  I  can  well 
understand,  knowing,  as  I  do,  the  extreme  difficulty  of  getting  at  the  inner 
thoughts,  beliefs,  and  conceptions  of  races  on  different  planes  of  culture 
from  our  own,  that  a  hasty  or  superBcial  observer  would  conclude  that 
our  Indians  believed  themselves  to  be  descended  from  their  totem  proto- 
types. Indeed,  I  have  seen  and  heard  it  so  asserted.  It  is  clear,  there- 
fore, that  the  totem io  c|uestion  is  one  requiring  great  care,  much  patience, 
and  an  open  mind  for  iU»  htudy. 

I  have  said  of  the  Tcil'Qe'uk  slli'm  that  he  was  also  the  tribal  high- 
priest  Among  the  Kwa'ntlsn  he  was  pre-eminently  so.  No  religious 
ceremony  or  observance  could  be  carried  on  without  his  officiating  pre- 
sence. His  relipfious  functions  must  not  be  confounded  with  those  of  the 
sQElii'm.  They  were  quite  apart  and  diflVrent  from  those  of  the  shamans. 
On  the  occasion  of  any  public  calamity,  such  a^  a  widespread  sickness, 
times  of  famine  and  want,  during  meteorological  disturbanoes  or  abnormal 
celestial  and  terrestrial  phenomena,  such  as  violent  stonns,  prolonged 
droughts,  earthquakes,  and  eclipses,  he  it  was  who  led  and  conducted  the 
prayers  and  confessions  of  the  people  nnd  invoked  the  pity  of  fF.  tntcU 
s'utin,  or  'the  Sky  chief,*  whom  he  addressed  as  Cn<fi' i:tSEn,  i.e.,  '  parent,' 
or  *  Father,' or  'Creator.'  He  would  bid  the  pt-oplo  come  together  on 
these  occasions  and  pray  and  dance  ;  the  latter  action  being  regarded  as 
propitiating  and  honouring  in  their  estimation.  As  they  danced  the 
people  would  hold  their  hands  alclt.  At  the  close  the  chief  would  bid 
them  place  them  on  their  breasts  and  repent  of  their  evil  deeds  and 
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thoughts.'  I  obtained  one  of  their  s'imi'n  or  prayers  in  the  originATi 
Kwa'ntlEn,  which  was  used  during  times  of  earthquake  or  eclipse.  It  is  as  . 
follows: — 'O  Hlii'm  Cwai'KtsBn  so'qmis-toQ,  nEtcinifi'  r.s-rae  se'so  i  t.K-ua' 
tE'mEH  ?  >«'K-8tl<'  kwEns  i  tK-nfi' ivs-yu'i-s-etl  11:1111:11.'  Translated  into 
Knglish  it  runs  thus  :  *  O  supreme  Father,  have-pity-on-me.  Wherefore 
hart-thoii-brought  me  here  on  this  earth  f  I  denre  to  live  here  on  this 
earth  (which)  thou  hast  made  for  me.' 

Of  the  Feasts  of  First-Fruits,  the  Kwa'ntlBn»  aoeording  to  my  inform- 
ants, observed  only  the  Feast  of  Salmon.  This  was  celebmted  after  the 
salmon  had  been  runninf^  three  days.  A  salmon  would  then  be  cauglit, 
twnd  brought  reverently  on  the  arms  of  the  lishermaii  (who  must  not  touch 
the  fish  with  his  hands),  and  given  to  the  sfli'm,  who  then  ntlered  a  t'fi'min 
over  it,  after  which  it  was  cooked  and  a  morsel  of  it  given  to  each 
member  of  the  tribe.  The  ceremony  throughout  was  condncted  much  as 
described  by  me  in  my  Beport  on  the  I^wer  K'tlaka'pamuQ* 

JJauces. 

Besides  the  religious  dances,  in  which  all  the  people  joined,  there  were 
the  social,  toteniic  or  su'lia,  and  shamanistic  dances.  These  were  divideii 
into  two  classes,  each  called  by  a  special  distinguishing  term,  vi/.,  ^nie'tla 
and  ^twai^liB*  The  former  were  the '  dream  *  or  sulfa  dances,  the  latter 
the  common  social  *and  religious  dances.  Of  the  smS'tU  *  dances  the 
Kwa'ntlBn  had  apparently  a  great  number.  I  secured  the  names  and 
some  account  of  some  eight  of  these.   They  are  as  follows 

1 .  ShrtVnokf  or  '  war  danoe.'~This  was  exclusively  a  warrioi's'  dance. 
It  was  of  slow  and  stately  movement,  and  weus  always  performed  on  the 
eve  of  a  fight.  Sometimes  it  appears  to  have  been  performed  during  the 
winter  festivities  as  well,  the  wint^^r  sea..son  being  pre-eminently  the  period 
of  dancing  and  social  gatherings  of  all  kinds. 

2.  Siu'UnuL — ^The  characteristic  feature  of  this  dance  was  the  bum* 
ing  of  food  and  grease  in  the  fire  by  the  performer.  He  also  scattered 
much  down  over  the  fire.  I  could  not  learn  the  significance  of  these  acts. 
The  movements  of  the  rlanop  woro  rapid. 

3.  Skd'kvJEtl. — This  was  similar  to  the  last,  onlv  the  movements  of  the 
dancer  were  in  this  case  slow  and  solemn.  Notwithstanding  this  the 
dancer  always  steamed  and  sweated  in  a  copious  manner. 

4.  Snu^kwimEtL — ^This  was  par  excdUnce  a  *  sweat '  dance.  It  was 
likewise  of  slow  and  gentle  movement.  The  owner  of  this  dance  had 
seen  his  '  familiar,'  the  snu'hi  lviEfl,  sweating  in  his  dance  in  his  dream  ; 
hence  he  liimself  alwayn  sweated  prodigiously  wlienovcr  ho  performed  his 
Ku'lia  dance.  He  must  dance  with  a  soft  and  gmtle  tread;  for  if  he 
struck  the  ground  hard  it  was  believed  he  would  mtoii  die. 

5.  7?afttA^/ffmss  *oold'  dance. — ^Whenever  the  owner  of  the  sulla 
of  this  name  performed  his  dance  he  shivered  violently  with  cold.  His 
*  familiar,'  Tla^ukelEm,  a  kind  of  ice-bird,  was  supposed  to  have  had  his 

'  This  srwrnirs  snspicionsly  of  hitcr  Knnian  teadting,  though  ik  may  be  genuioely 
Kvva'utliin  or  Ualkumi  'iKn  in  its  urij<in  aud  practice. 

'  Dr  F.  Boas  inakeit  tbit  term  a  borrowed  one,  and  regards  it  as  of  Kwaklnkl 
origin.  It  is  so  universal  araon?  the  river  tribes  that  I  am  di^osetl  to  think  that 
view  needd  reconsideration.  Ah  far  as  its  form  goes  i(  is  as  truly  Salish  as 
Xwakintl,  i&deed  mors  so,  hsving  here  the  preRxed  «,  whiefa  coaveits  the  verb  into  a 
vsrfaal  Bomi'-a  cfaanMterlslic  strikuigly  Salish. 
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abode  in  the  Arctic  or  northprn  regions  ;  hence  the  shiverings.  The 
inoveraents  of  this  danco  wrrp  active  to  a  (le<(roe.  I  call  attention  to  the 
condition  or  state  of  tlie  dancers  in  these  last  three  dances — the  two  with 
gentle  and  slow  Uiovemeutu  always  steamed  and  sweated  prodigiously,  the 
last,  with  violent  and  active  movements,  sluvering  violently  and  inLsibly 
with  odd.  These  were  the  characteristic  features  of  the  dances.  They 
afford  ezampleSy.1  think,  of  the  power  which  the  mind  or  ima^gi nation  of 
these  dancers  exercised  o\  er  tlieir  l>odies.  Their  condition,  provided  it 
was  genuine— and  1  see  no  reas(jii  to  doultt  it — can  only  be  explained  by 
auto-suggestion  or  hypnosis.  The  psychological  .vspeuts  of  these  and  other 
shamaniatio  praetioes  and  performanoea  desMPve  more  atlentinii  and  study 
than  have  hitherto  been  accorded  them. 

G.  Sqoi'aql» — This  was  the  dance  belonging  to  the  totem  of  this  name. 
Its  members  j>erformed  it  on  most  festive  and  rerenionial  occasions, 
(ienerally  tliey  were  hire<l  for  the  purpose.  The  K(|oi  atp  tigured  largely 
in  the  naming -feasts  of  chief  s  and  other  notable  men's  .sons. 

7.  Skai'Ep  =  '  blood '  dance. — The  performers  in  this  dance  cut  and 
scarified  themselves  with  stone  knives  till  the  blood  ran  from  them. 
Blood  was  said  to  ooze  from  their  mouths.  At  the  conclusion  of  the  dance 
they  would  rub  their  hands  over  their  blood-besmeared  bodies,  and  all 
trace  of  it  was  said  to  disappear.  This  is  a  dance  common  to  most,  if  not 
all,  of  the  river  and  eojist  Salish.  The  spectacle  of  the  dancer  devouring 
a  live  dog,  or  tearing  it  piecemeal  with  his  teeth,  was  also  a  feuture  of 
this  dance. 

S.  TaitrEtnlKiiif  *&Te*  dance. — ^This  was  pre-eminently  a  shamanistie 
dance.    The  performer  in  this  would  handle  fire,  place  hot  coals  in  his 

mouth,  and  dance  upon  hot  stones.  Tt  is,  of  course,  difficult  now  to  ascer- 
tain, with  any  de<T^ree  of  certainty,  how  far  these  performances  were 
genuine.  Eye-witnesses  of  them,  both  native  and  white,  are  unanimous 
in  declaring  that  these  fire-shamans  conld  handle  fire  and  boming  objects 
and  dance  upon  scorching  hot  stones  without  apparently  burning  or 
otherwise  harming  themselves.  The  late  Bishop  Durieu,  who  spent  over 
forty  years  amoii^]^  the  Indians  of  this  district,  once  told  me  himself,  in  a 
conversation  on  tlii>  subject,  that  he  had  seen  a  shaman  handle  burning 
brands  without  apparent  hurt  to  his  hands.  He  8;iid  he  had  been 
preaching  to  the  tribe  of  the  power  of  the  Christian's  God,  and  bad 
observed  an  Indian  squatting  apart  by  himself  in  a  far  oomer  of  the  house. 
When  he  had  finished  his  discourse  this  man  came  forward,  and  made  some 
remarks  to  the  effect  that  it  was  all  veiy  well  to  talk,  but  the  proof  of  the 
pudding  was  in  the  eating.  Could  the  white  medicine-man  give  them  an 
example  of  his  '  power' 1  and  he  thereupon  challenged  the  Bishop  to  a 
contest  with  himself.  Baid  the  Bishop  :  "  He  seized  from  the  midst  of  the 
fire,  in  his  naked  hand,  a  fiery  burning  brand,  and  held  it  there  lor  some 
time,  and  then  offered  it  to  me.  I  declined,  and  was  straightway  sooffiMl 
at  by  him  and  his  friends ;  but  eventually  I  turned  the  tables  upon  him 
by  declaring  that  his  ]>ower  came  from  the  Wicked  One,  with  whom  I  could 
have  no  dealings,  and  not  from  the  true  God.*  The  Bishop's  long  experi- 
ence witii  the  native  shamans,  and  his  observations  of  their  undoubted 
supernormal  powers,  led  him  to  the  conviction  tiiat  they  were  assisted, 
alter  the  manner  of  the  witch  of  Endor,  by  *  familiar  spirits.'  However 
one  may  explain  such  cases,  the  fact  of  their  possessang  these  powets  is 
■witnessed  to  by  most  credible  and  intelligent  observers.  The  common 
view  of  these  performances  is  that  ftU  are  tricks,  sleights  of  hand,  op 
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floroptions  of  some  kind,  and  nothing  more.  Those  familiar  with  the 
results  of  the  investij^aitions  of  the  Society  for  Psychical  Research  into 
these  and  kindred  phenomena  will  not  be  disposed  to  dismiss  these 
accounts  in  so  oonveDient  and  offhand  a  manner.  That  mudi  of  the 
peiformanoes  of  the  old  ahamaas  was  pure  humbug  I  do  not  myself  fof  A 
moment  doubt ;  but  I  cannot  bring  myself  to  believe  that  all  fells  under 
this  head.  Tn  the  m'^.e  of  tho  jire-haiullcrs — and  it  must  hf  rememUprod 
only  a  few  shamans  possessed  the  power  to  do  this — their  immunity  from 
harm  may  be,  and  very  probably  is,  due  to  some  psychic  condition,  such 
as  auto-hypuosis.  Hypnotism,  as  I  pointed  out  in  my  remarks  on  the 
Sk'qO'mic  dancers  in  the  last  Report,  plays  an  important  rdle  in  shaman- 
isUo  performances.  Another  strange  power  in  the  case  of  some  of  these 
shamans  is  their  seeming  aoility  to  drink,  or  otlierwise  mysteriously  dis- 
pose of,  large  quantities  of  liquids,  such  ;is  water  and  oils,  which  have 
been  used  in  shamanistic  rites.  Jason  Allard,  one  of  my  informants  on 
the  Kwa'ntlEn,  a  half-breed  of  considerable  e<lucation  and  of  superior 
intelligence,  and  in  no  way  disposed  to  be  credulous  in  such  matters,  told 
me  inciden1»IIy  that  he  had  seen  the  last  .sQEna'm  of  the  Kwa'ntlEn  drink 
a  laige  milk-pan  full  of  oil,  which  he  had  used  upon  a  sirk  girl.  His 
surprise  at  the  man's  feat  caused  him  to  nsk  how  he  could  take  so  much 
nauseous  liquid  into  his  stomach.  The  reply  he  got  was  :  '  T  didn't  drink 
it ;  my  mlia  took  it  away.'  Othei*s  of  that  district,  both  white  men  and 
natives,  hare  assured  me  that  they  had  seen  the  same  man  drink  down 
two  and  three  buckets  of  water  successively,  each  bucket  holding  between 
two  and  three  gallons,  and  when  they  looked  to  see  him  swell  up  his  appear- 
ance was  quite  natural.  ITe  would  perform  tliis  feat  in  tlie  house  before 
them  all,  in  their  midst,  where  he  iiad  no  opportunity  of  disposing  of  the 
water  in  any  other  way  than  by  drinking  it.  Before  e.xhibitins^  his 
powers  in  this  way  he  would  always  go  through  bis  '  dream  '  dance  ;  and 
after  his  feats  he  would  lie  down  in  a  trance  state  for  some  time. 

In  explanation  of  these  feats  it  may  be  that  the  long  fasts  and  pro- 
traeted  visions  and  trances  the  shamanistie  novice  undergoes  in  his  search 
for  his  '  familiar  i^irit '  may  give  him  certain  hypnotic  or  other  super- 
normal powers  not  possessed  or  understood  by  the  ordinary  individual. 

Those  familiar  with  the  extraordinary  phenomena  of  experimental  hypno- 
tism will  have  no  difficulty  in  understanding  this.  At  any  rate,  however 
these  shamanistic  feats  are  explained,  tliey  are  worthy  of  careful  study 
ami  investigation.  It  is  not  enough  to  put  them  aside  with  the  asset  tiou 
that  it  is  all  humbug,  ignorant  superstition,  or  crass  credulity. 

All  dancing  was  accompanied  by  singing.  Each  performer  had  his  or 
her  own  dance-song,  called  snnrE'v,  in  contradistinction  to  the  ordinary 
song  or  s(i' I  Em.  As  a  rule  the  performers  in  the  stnP'thi  dances  aUvays 
danced  sin;j;ly,  one  at  a  time.  It  would  appear,  also,  that  all  of  them  wore 
a  special  kind  of  headgear  for  the  occasion ;  not  masks,  but  u  kind 
of  cap. 

The  shamans  among  the  Kwa'ntlBu  were  of  three  classes,  as  among 

the  Pila'tlq,  and  called  by  the  same  names,  viz.,  sQXnii'm,  seuwe'n,  and 
seu'wa.  Shairaanistic  contests  seem  to  have  V>ee?i  common  and  popular, 
and  were  indulged  in  whenever  shamans  of  dillercnt  tribes  or  settlements 
came  together.  Most  tribes  iiave  a  number  of  stories  telling  of  these 
oontests.  I  gathered  the  following  from  the  Kwa'ntlso.  A  certain 
shaman  invited  several  others  of  his  class  to  his  house,  and  then  called 
vpon  them  to  show  their  thaumaturgical  powers.   The  first  to  respond  to 
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the  invitation  began  in  the  usual  way  with  his  dance  and  scuwE'n.  After 
« while  he  ihowed  them  a  peeuluu*  stone  end  bede  them  note  it  He  then 
«ast  it  into  the  fire,  end  a  moment  afterwards  it  was  heard  to  fall  upon 

the  roof.  Another  then  began  his  dance  and  seuwE^n.  Presently  he 
showed  them  two  stuffed  mice.  These  he  cast  into  the  fire,  and  two  livi^ 
mice  wero  k(  f  n  to  come  out  of  a  hole  in  the  ground  close  by.  A  thirti 
then  exliibited  his  'medicine.'  This  man  commenced  his  dance  with  a 
large  feather  in  his  hand.  After  he  had  been  dancing  a  while  he  threw 
the  feather  into  the  fire,  and  a  moment  later  it  came  up  from  a  hole  in  the 
ground  and  stood  np  and  danced.  The  last  to  perfonn  was  an  old  man. 
He  begged  someone  to  do  his  dancing  for  him  ;  but  no  one  complying,  he 
cast  into  the  fire  some  native  fish-hooks  he  had  in  his  hand,  whereupon 
they  flew  hither  and  thitlipr  and  fixefl  themselves  in  the  lips  and  mouths 
of  the  bystanders,  from  which  the^  could  not  remove  them  till  lie  himself 
did  aa  The  stories  in  the  native  Kwa'ntlBn  text  below  also  relate 
instances  of  these  shamanistic  displays.  The  following  account  of  some 
fihamanistic  feats  was  given  me  by  an  old  settler  who  has  lived  among  the 
Kwa'ntlEn  peoph-  for  a  p;reat  iiiany  years  and  has  an  Indian  wife.  He 
relatf's  that  at  a  shamani-stic  performance  at  which  he  was  present  he  saw 
a  shaman  take  a  feather  and  stick  it  apparently  into  a  piece  of  rock. 
The  st(me  then  began  to  roll  about»  but  the  feather  remained  in  it. 
Another  wore  in  his  cap  a  number  of  dried  birds'  heads.  He  took  these 
out  of  the  hat  and  threw  them  into  the  air,  whereupon  each  became  a 
living  bin!  and  flew  about  the  shaman.  Another  took  a  Ijucketful  of 
water  and  danced  round  it  for  awhile.  Presently  a  little  tir-tree  was  seen 
to  grow  out  of  it,  each  branch  of  which  was  tipped  with  feathers. 
Another,  to  ahow  his  powers,  sat  with  his  feet  and  lower  limbs  in  an  oven. 
Presently  water  began  to  run  oat  of  the  oven  and  pnt  the  fire  oat ;  but 
when  he  withdrew  his  legs  and  feet  the  water  disappeared  and  the  fire 
came  again. 

These  are  samples  of  the  thaumaturgical  skill  of  the  Salish  .shaman. 
I  may  atld  that  I  regard  these  feats  as  (juite  distinct  from  those  more 
psychical  conditions  and  manifestations  before  alluded  to.  They  appear 
paltry  beside  the  thaamaturgical  powers  of  the  conjurers  of  India,  or  even 
of  oar  own  professional  wonder-mongers. 

Qals,  tlio  Transformer,  was  invoked  as  a  deity  by  the  Kwa'ntlEn. 
They  bdieved  it  was  he  who  institated  the  Feaste  of  First  Fraito  and 
tanght  them  to  pray.  According  to  them  the  muddy  wat^^rs  of  the  Fraser 
were  caused  by  Qals  beating  out  the  brains  of  one  of  his  brothers  and 
throwing  them  into  the  stream.  Up  to  this  time  the  waters  were  clear. 
He  did  this  that  they  might  the  more  readily  catch  the  salmon.  He  also 
taught  the  s<jEua'm  their  seuws'n  or  dance-songs,  and  bade  them  smg 
them  when  they  wanted  his  help  in  healing  their  patients.  According  to 
my  Kwa'ntlsn  informants  the  Qals  were  eight  brothers.  This  lack  <^ 
definite  concepto  coooeming  this  marvellous  being,  and  the  confiicting 
accounts  of  his  personality,  or  personalities,  and  character  among  the 
different  coast  and  dt]ta.  Salish  tribes,  would  seem  to  indicate  that  his 
cult  has  been  adopted  by  them  since  their  migration  hither,  and  was  not 
one  originally  belonging  to  the  whole  undivided  stock.  Higher  up  the 
jriver,  above  the  HalkOmS'lEm  tribes,  he  does  not  appear  to  be  known. 
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Naming  Ceremoni^ 

These  ceremonies  among  the  Kwa'ntlEn  appear  to  have  beon  niado  tlid 
occasions  of  fjeneral  £esti\  ity  and  feasting.  Every  prominent  or  wealthy 
luan  in  the  tribe  would  hokl  a  naming  feast  as  soon  as  his  son  had  reached 
the  walking  a^e,  and  hire  one  or  more  members  of  the  sqoi'aqi  totem  to 
be  present  ana  aamBt  him  to  celebrate  the  event.  His  neighbonis  would 
also  take  advantai^'o  <if  the  occasion  to  dance  and  sing  theiir  ancestral 
fieuwF/n.  In  doiriii;  this  it  appears  to  have  been  incumbent  upon  them  to 
make  generous  distribution  of  blankets,  «fcc.  Not  to  do  this  was  considere<I 
dishonouring  to  their  ancestors  and  their  su'lla.  When  all  these  minor 
performances  were  over,  the  suoi'aqi  would  dance  with  the  child  to  be 
named,  holding  him  by  the  hano.  If  there  were  several  members  of  the 
totem  present,  they  would  dance  round  the  child  in  a  circle.  Only  very 
Wealthy  persons  could  hire  large  numljers  of  the  sqoi'aqf,  each  having  to 
\ye  paid  many  blankets  for  his  services.  After  this  dance  was  over  a  chief 
of  some  friendly  tribe,  present  by  special  invitation  for  the  purpose,  would 
declare  in  a  loud  \  oice  that  the  child  would  be  known  thereafter  by  such 
and  snch  a  name.  These  names  were  always  ancestral  names,  taken  from 
either  side  of  the  family.  In  the  case  where  no  sqoi'aqi  were  hired  the 
father  of  the  child  to  be  named  would  mount  upon  the  roof  of  the  house 
and  conduct  the  ceremonies  there  himself.  A  number  of  blankets  would 
be  stacked  at  his  side.  He  would  first  sinir  his  songs  and  pei-form  his 
su'lia  dance,  or  those  of  his  ancestors,  after  which  he  would  call  out  tho 
names  of  tlmse  he  had  specially  invited,  and  as  they  came  forward  in  the 
ofder  <^  their  social  rank,  present  them  with  one  or  more  blankets  each. 
When  all  Ins  chief  guests  had  received  their  presents  he  would  moSU  the 
rest  amonc;^  the  younger  men.  A  great  feast  consisting  of  i^ame  and  lisb 
^vould  next  be  indulged  in.  During  the  feast  one  of  the  elders  or  a 
prominent  guest  would  declare  the  new  name  of  the  child,  and  the  rest 
would  express  their  satisfaction  and  approval.  It  was  the  aspiration  ut' 
every  man  to  outdo  his  fellows  in  the  number  of  his  guests  invited  and 
the  quantity  of  blankets  and  other  gifts  distributed.  His  sociid  rank  was 
in  a  great  measure  determined  by  his  ability  to  excel  in  these  respects. 
The  more  members  of  the  sqoi'aqi  he  could  hire,  the  larger  the  number  of 
guests  he  could  invite,  and  the  greater  the  quantity  of  blankets  and  other 
gifts  he  could  distribute,  the  higher  became  his  social  position  in  the  eyes 
of  his  own  and  neighbouring  tribes. 

The  mortuary  customs  of  the  Kwa'ntlEn  do  not  appear  to  have  diflfisred 
mat-erially  from  those  described  among  the  Pila'tlq.  According  to  my 
Kwa'ntlEn  infonnants,  the  men  who  handled  and  prejvired  tlie  corpse  for 
burial  belonged  to  a  special  order  or  class,  the  otticc  descending  fronv 
father  to  son,  much  as  did  that  of  the  jHirasc/nles  among  the  ancient 
Egyptians.  But  whilo  these  among  the  Egyptians  were  despised  and 
abhorred  by  their  fellows,  and  made  to  live  apart  from  tiie  rest  of  th0 
community,  the  spoldktve'tm  of  the  HalkOmelsm  were  held  in  honour  and 
received  substantial  honorsria  lor  their  services. 

LlNGUISriC, 

The  phonology  of  the  Kwa'ntlEn  does  not  differ  in  any  material  point  from  that 
of  the  TcirQO'uk.  My  general  remarks  on  the  Tcir<ie'tik  noan  apply  bcru  al&o.  I 
eoUeotod afeur  ipeoiBwns  of  the  inoorpoiatiTe  noun,  which  I  ^ipinid  beie.  Thf 
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forms  are  not  quite  the  same  in  some  cases,  but  a  common  principle  is  seen  to  ran 
tluoiighoot  all  die  dialecU  « 

MakwKtl'i^fKit-tsBn,  T  hurt  my  nose.    Cf.  the  independent  form  mvflttnn, 
Mak\vr.tl-(/^^r.v-t8ED,  I  hurt  mj  eye.    Cf.  the  terms  for  ri^ht  and  left  eye. 
MakwRtl-Ks-tMEii,  I  htirt  tuv  fiice.   Cf.  this  with  N'tlaka'paolaO  independfiii 
term,  of  which  it  i»  an  abbreviated  form. 

HakwRtl  tcis-tsKn,  I  hurt  my  finger  or  band.  This  is  the  oommoa  inoorpomtive 

form  seen  in  all  '  briii<l '  syntheses. 

MakwEtl-Hun-t^Eu,  1  hurt  my  foot.   Common  form  for  *  foot'  syntheses. 

MakwKt1-t1ina*teBn,  I  hart  my  ear.  Cf  with  tlarH^  the  independent  term  for 
•car'  in  N'tlaka'panm' • 

MakwEtl-EvrEts  or  EwKtl-tsEn,  1  hart  my  back.  This  is  an  abbreviated  form  of 
the  independent  ilukEreiftl  -  back. 

It  will  be  seen  that  the  iocorporative  nouns  in  this  dialect,  though  the  synthetes 
aire  differently  formed,  are  mveh  the  Mune  as  in  ttio  other  dinlecta  exandaed.  Sobm 

are  abbreviations  of  the  independent  form  of  the  same  word.  (»ther8  are  firom 
synonymous  terms  which  are  seen  to  be  independent  forms  in  otlier  dialects. 

NUMERALS. 

1.  nE'tsa,  20.  c  kwic. 

8.  yisftOa.  21.  dcwio  i-tB  nt'tfA.    The  other 

3.  tluQ.  unit8  follow  in  like  nuumer. 

4.  Haii'sen.  30.  tluQKtlca. 

5.  tllca'tcls.  40.  Hft'senca,  HA'sentlcQ. 
t>.  tVjuni.  AO.  tlu'kEtlca. 

7.  tsauks.  CiO.  t'qu'niEtlca. 

8.  t'ka'ltsa.  70.  tsau'ksEtlca. 
t).  tOq.  HO.  t'kai'tcBtlca. 

10.  ft'pEn.  HO.  tnqEtlca. 

11.  a'pEn-ME  nE'tsa.  100.  nE'tsowits. 

12.  &'pBn*I-tB  yisd'la.  1000.  A'pcnadcft'llts. 

The  *  taeos '  all  follow  in  like  manner. 

The  conjnnetion  seen  here  is  the  commonest  form  in  tho  Saliab  dialects  for  *  and ' ; 
the  other  element  ts  Is  the  definite  article. 

ORDINALS. 

1st.  yu'iin.  6tL.  st'qu'nis. 

Sod.  slsft'lcs.  7th.  stmuVs. 

3id.  stlflg.*.  Sth.  st'kai'tsES. 

4th.  BUUu'sEns.  i)th.  titnqs. 

6tb.  stlka'tcBs.  10th.  s&'pens 

It  will  beobseiAcd  that  the  ordinal  numbers  differ  in  Kwa'ntlKn  from  those  found 
in  Tcil'Qe'uk,  which  are  formed  by  cnmbersome  ctrcnmlocntions.   Bcre,  with  the 

exception  of  *  lirst,' the  foniiativt-  <  l(Mii<'nt  .<  is  added  after  the  manner  of  forraioj; 
abstract  nouns  It  differs,  however,  from  the  abstract  noun  in  having  «  both  prefixed 
aii'l  sutlixed.  A  comparison  of  the  ordinal  nnmbers  in  the  different  Salish  dialects  is 
Very  intere.stinjr,  K*c:ircely  any  twoagto^ng  in  form. 

There  arc  in  Kwa'ntlKn  a  great  number  of  cla«s  numerals.  They  are  fonnd 
among  the  ordinals  as  well  as  among  the  cardinals.    Thus  we  have  : — 

yCi'iin,  the  first  man.  sKqutlO'lis,  the  fourth  man 

styii'sBlis,  the  second  man.  stlkiitsalis,  the  fifth  man. 

sQa'lis  (7),  the  third  man,  sBpa'lis,  the  tenth  man* 

PABTlTlVfi  NUMEBALS. 

first  part.  tnK'tsatnor.  third  part,  tlu'^Emot. 

second  part,  ji^c'iamo.  fourth  part,  uaa^cmot. 
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Class  NmuoAiA 


1  man.  iir>'n«a. 
'S  mun,  yiiaiae'la* 

3  M  tlQQft'la. 

4  H  Hose'Ia. 

5  ilkateft'U. 


6  men,  t'qu'mela. 

7  M  taanksa'la. 

8  „  tiEBitMS'als, 

9  ^  tA'qilla. 

10  „  A'pUa. 


1 

flonies 

Canoes 

Trees 

« 

Poles,  Sic. 

and  sofU 

feeling 
things 

BandH  uf 
cattle, 
booms  of 

l0g8| 

lists, 

- 

1 

nE'tsantQ 

nBtsEQi'tl 

snE'tsalp 

sntj'taa- 

ns'tssl- 

nB'tsM 

•awok 

msts 

2 

SEin'p'tQ 

samOQi'tl 

tlBQautQ 

DIBTBmunVES, 

The^n  nrc  TtgtHulf  foRDed  by  xednpUosHpg  thp  lint  fyUslito  of  the  esidlim) 
munbers,  thns 

BBtox'tHi,  one  each;  Ti^'ssla,  two  each ;  ftpA'pn*  ten  eeoh. 

MULIIPLICATIVES,  OB  NUMBBAL  jU>V£BBS. 

After  the  first  two  thes«  are  Tc^olarly  formed  by  safBsfng  the  fonaative  partkia 

mil  to  tba  numbers,  a8  in  N'tlaka'pamuQ,  thus : — 

nE'taanq,  onoe ;  iftma',  twice;  tiaoa'tl,  thxtoe;  saft'senatl,  four  times;  a'psnatJ, 
ten  timeSt 


PBONOUNa 

Personal  rRONOUNs. 

These,  as  is  common  in  the  Salish  tongues,  are  of  three  clasaee :  the  independent, 
the  iadMioaal  or  copoiaitive,  aoidthe  inooipoiative  or  qratlietie. 
The  iadepeodMit  aces*~ 


ens,  I.  me. 
nn'a.  thou,  thee. 
tKsii'  or  t'sa',  he,  him. 
81  er  9ai  she,  bar. 


tl'ne'njBtl,  we,  us. 
tli'lKp,  fl'wilEp,  ye,  you, 
t'sa-li  (couimou),  they. 
yfr«ft',  they  (masc). 
jh-i/tf  or  y W,  tbagr  (fasi.). 


Besides  the  aboTe  forms  for  the  tliird  person  we  find  the  to-fla  or  tau-tUit  he, 
him;  ^o-tla  OT  rnn-*In.  she,  hor ;  tau'-tUllKm,  they,  them;  tlti'lfcm,  they,  them,  seen 
in  the  TcirQe'uk.  The  u:>agc  of  these  may  best  be  seen  in  the  Kwa'ntlfin  text  below. 
The  first  person  eingolar  has  a  selective  form,  thaa:  ta  eiua.  in  Kwa'atlln  tbe 
presence  of  the  demonstrative  th-  with  the  pronominal  forms  appears  always  to  give 
a  selective  signiticance  to  them.  It  is  not  regularly  compounded  with  them  as  in 
Tcll'<iS'iik  waHa  eoiae  olfaar  dtaleota,  where  its  tmiform  use  has  apparmtly  caasec*.  tbe 
pronouns  to  lose  their  selrrtivo  force.  The  Kwa'ntlnn  seems,  tlicrefore,  to  show  us 
the  lessen  why  this  demonstrative  particle  came  to  be  compounded  with  the  pro> 
nonioal  foima.  Tbe  Kwa'ntlsn  use  also  an  emphatic  f<Hrm  of  the  independent  pro- 
iuNms,saMloiiB: — 


wa'B-e'n.sa,  I  myself. 
wa-En-nft'a,  thou  thyself, 
wa-tla  (to-tia),  he  himself. 
w»4fai  (s5-t]a),  aba  befietf . 
1903. 


wa>tVnBrastl,  we  oaiaelves. 

wa-tl'wilKp.  ynu  yourpolves. 
wa'tla-lEuj,  they  themselves. 


B  B 
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A  more  literal  translation  of  this  would  be :  It  is  I  myself,  kc,  kc. 
The  tnfleotional  or  oopalotiTeioimi  m  as  foUowt 

•t«En,  I.  -tfit.  wc. 

•teOQt  tboQ.  •tdi]),  yoQ.  . 

The  third  person  has  no  inflecl  ionul  pronoun  ;  but  wlien  the  siibjcrt  of  \h>-  reri> 
is  the  third  pcrboii  the  particle  h»  is  sutiixed  to  the  stem.  This  is,  I  Deiieve.  s 
MbttaatiTe  v«rb.  It  apjpmn  only  in  tnnsftive  verbs,  and  ita  preiooco  oooverU  tbi 
%erb  into  a  noun,  givinrr  it  the  chAractor  partly  of  an  intinitive  anil  prirtlj  of  .1 
gerund.  This  is  clear  from  the  fact  that  ii  appears  in  both  nunibers  alike  :  an«l  if 
we  want  to  distinguish  between  the  singular  aud  the  plural,  the  masculine  and  tLe 
fBininlno,  wo  mnit  add  tho  demonstrative  forms  nsed  for  the  third  person  to  itv 

The  forms  for  the  first  and  seconrl  persons,  as  may  be  seen  in  the  paradigm  of 
the  verb  below,  underg-o  iuodific4ition  in  the  conditional,  optative,  and  other  moods. 

In  the  present  and  the  simple  future  tenses  of  the  verb  the  pronoans  are 
fsgolarly  sofBxod  to  tiio  verb  stem  in  Kwa'ntlan ;  bot  mhm  tho  verb  takes  ea 
auxiliary  verbs  and  modifying:  particles,  the  pronoun  is  generally  attached  to  one  or 
other  of  these.  In  certain  expressions,  particularly  those  of  an  obligatory  character, 
this  rule  is  broken  and  the  pronoun  is  attached  to  the  verb  stem  {tee  mmdtr 
•Verbs'). 

It  will  be  noticed  that  the  first  person  plural  diiforsin  form  from  that  looadia 
Tdl'Qe'uk,  which  corrosponds  to  the  Sk  qo'mic. 

The  locative  adverbial  particle  nl  is  regularly  used  with  the  third  person  when 
ho  or  sho  is  absent,  or  when  tho  aotloo  was  done  in  tho  past.  Tbns:  ai  kai'Ms 
kw'sBn  sinronai',  he  killed  my  dog ;  oi  ts^  stslifcai'a,  he  has  some  bones. 


iKCOmpOBATlVB  OB  SmBBTIC  PBOITOUinL 

These  are  best  seen  in  their  syntheses.   Thus : — 

tsi'wBt-eOsul'-tsBn.tsa.  I  will  help  thoo.  t8afwat-«f«i»-taBn-t8a,  I  wiO  Mp  y&a, 

tSH  wEt-tsEn-tsa,  I  will  help  him.  tsA'wBt-tsBn'tsa,  I  will  help  th» m. 

tsil  w-iv-tcuQ-tsA,  tliou  wilt  help  me.  t«fi'wEt-<fl''toQ-tcuQ-tsa.  thou  wilt  help  tu. 

tsu'w£t-tcu<^-tsa,  thou  wilt  help  him.  t£u'wi:;t-tcilQ-tsa,  thou  wilt  help  Uiera. 

tsft'w«i^toftp-tsa,  yoo  will  help  me.  tsA'wBt'«if'l»e.teip>tsa,  yea  will  help  ss. 

tsA'wEt-tciip-tsn,  yon  will  help  him.  tsfi'wEt-tcap-tsn,  you  will  help  them. 

taii'v^-KS-stiiiipif-K^-tsii,  he  will  help  me.  tsa'wEt-fa7<<(^Ks-tsa,  he  will  help  us, 

tsa'w-Es  mm-tsa,  he  will  help  ihcc.  tsA'wKt-ta'/iim-tsa,  he  will  help  you. 

tsA'w-t>Bs*tsa,  they  will  help  mo.  tsft'wBt-M'tto-Bs-tsa.  they  trill  Mp  as. 

tsA'w-BS-*iI'*wp<*-tsa,  they  will  help  thee.  tsA'wEt-M7Awi-tsa,  they  will  help  you. 

t8ft'wa-^*«iw<Z'-tst-t9a,  we  will  help  thee.  tsa'wa-frt'7/^-tst-tsa,  we  will  help  you, 

ts&'wEt-tst-tsn,  we  will  help  him.  ts&'wKt-tst-tsa,  we  will  help  thc-oi. 

ts&'wa  ^»l«tst-tsa,  we  will  htUp  one  another. 

The  stem  of  this  verb  'to  help  '  is  t»d' tm.  The  termination  -r.i  is  the  sign  of  th# 
active  verb.  It  is  very  interesting  to  observe  how  this  suffix  is  sometimes  dropped 
in  tho  stngnlar  forms,  bat  rarely  in  the  plural.  As  In  tho  other  8sUsh  diaiecti 
eoMunined,  there  are  no  8peci&li.«*ed  form's  for  the  third  persum. 

It  will  be  seen  from  the  following  examples  that  there  aro  sec-ondary  form* 
for  the  synthetic  pronouns  in  Kwa'ntlEu.  1  did  not  observe  this  feature  in  th<; 
Tdr4)§'iik. 

kwKts-Ma^-tssn.  I  see  you ;  kwsts-fia'iiMi-tsKn,  I  see  thee. 
kwBtfl-ntkq-tsBn,  I  tee  him,  her,  it,  them. 

ne-tsEn-kwEts-nnq,  I  saw  him,  her.  it,  ihem. 

kwKt«-7//'/'wJ-tsEn-t>a,  I  shall  see  thee:  kwKff.?/(^r^7-tsKn-tsa,  I  eballsooyoa. 
(nl-)  kwKte-iwaMM,  he  siiw  me;  (nl-)  kwKts-nu'iOHi«,  he  saw  us. 
(nl-)  kwBts-atfm,  he  saw  thee ;  (nl-)  kwits-ndnEm,  he  saw  yoo. 

I  think  this  difference  in  form  is  due  to  the  nature  of  the  verb,  the  former  being 
used  with  active,  the  latter  with  neuter  verbs.  These  latter  forms  bear  a  resem- 
blance to  forms  seen  In  tho  passive  voioe  of  the  voifa.  The  nuq  of  tho  tUid  penea 
is  the  determinative  particle  treated  of  elsewhere.  The  *MlO>*  Ac,  horo  tofetiod  to 
is  a  particolar,  determined  '  him ' ;  henoe  tho  ose  of  afif . 
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F08BBfl8r?B  ?B0M0UR8. 

The  diflferencoa  between  these  and  the  corresponding  forms  in  Tcil'Qt'uk  are  not 
very  great ;  but  such  as  they  aro,  they  have  an  interest  for  the  linguistic  student. 
One  of  the  most  notable  of  these  difffcrences  is  the  presence  and  use  of  n  in  the 
second  ])eraon  singular.  The  same  feature  is  teen  in  some  of  the  interior  dialects^ 
The  choice  between  the  itn  and  thr  k#  forms  seems  to  be  jruidcil  by  euphonic  hiws, 
as  they  are  not  used  interchangeably.  There  are  also  distinct  forms  to  murk  the 
object  posMssed  as  feminiM  or  masciiline.  I  did  not  detect  tbie  featare  In 
TcirqCuk,  although  It  appears  to  exi«t  in  the  Halkomf-'lnm  sixjech  generally.  The 
lonn  for  ihe  first  |>erson  singular  in  Kwa'atlKn,  as  will  be  seen,  differs  from  the  cor* 
Mepooding  form  in  SlrqO'mio  and  TcirQd'nk.  Tlie  difference  between  the  rimple 
form  and  that  compounded  with  the  demonstrative  in  Kwa'ntlF.n  ia  that  tlie  former 
is  general  in  signiticance,  the  latter  selective.  The  rule  for  the  use  of  the  two  forms 
will  be  best  understood  by  an  example,  thus :  nit  is  used  in  answer  to  such  a  question 
as  'Wboee  la  this?'  when  only  one  j^eraon  i>  present  besides  the  questioner.  If 
there  are  several  others  present,  then  tiie  answer  will  always  be  TK-nn.  It  is  clear 
from  thie  that  the  particle  its  used  with  the  pronominal  forms  is  the  regular 
dMBonetiatiTfl. 

FiBST  PSBSON. 

Singular. 

nE,  my  (common  form  with  masculine  object). 

'tK-nE,  or  shortly  tB-n,  my  (selective  form  with  mascnline  object). 

nB,  my  (common  form  with  feminine  object). 

•B-nE^  or  ehottly  sb^b,  mf  (Mtocttye  form  with  feminine  ofajeot). 

It  is  clear  fhnn  theee  ezamplea  that  tfaa  formal  gender  of  the  pronouis  is  derived 
from  the  demonstfative.  which  alone  haa  distinct  forms  for  masculine  and  feminine. 

Ptwal. 

•  .  .  tst,  our  (common  form  with  masculine  or  feminine  object). 
tB ...  tit,  „  (wtodtva  form  with  masooUoe  objeet). 
SE ...  tit,  „  (laloctSTO  form  with  feminine  objoot). 


SaooKD  PBBSOir. 

BD  or  Bl^  thy  (common  form  with  masculine  or  feminine  object). 

lE-En  or  tK-Es,  thy  (selective  form  with  masculine  object). 
SE-En  or  BB'Bs,  thy  (selective  form  with  feminine  object). 

>.n  or  Fs  .  .  .  HlBp,  your  (eoramon  form  with  masonline  or  feminine  objeot). 
tK-En  or  tK-KS  ,  .  .  KlKp,  your  (selective  form  with  masculine  object). 
S£*£a  or  8E<E8  •  •  .  ElEp,  your  (selective  form  with  feminine  object). 


TBTBO  PBBflOff.- 

Singular 

...  8,  his  or  hers  (common  form  with  masonline  or  feminine  objeot). 
IB  ...  a,  his  (sflleotiTa  fona  with  maeoallne  or  lemlnino  object). 
SB  ■  .  ■  ii  har  (    n        M  t»  f  I  )• 

The  phiial  Is  the  same.  If  It  is  desirable  or  neoessary  to  distlngoish  them  from 

the  singular,  the  demonstrative  forms  for  the  plural  are  added. 

The  above  forms  are  used  when  the  object  possessed  is  present  and  visible.  The 
•  Invfiade'  and  ^ahaent'  foma  fa  KwafntlBa  differ  a  little  from  the  corresponding 
tena  In  Ml'oAVik.  They  aie  ta  follows 
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Ofjject  Preitent  but  InviMe  to  SjjtMkar, 

kwE-nE  =  my,  as  kwE-nE  skwomai,  my  dog  (object  masculinc> 
This  form  is  frequently  contracted  to  kwBn*. 
Wmk»mj,  as  rtUm  mosttfifl,  my  oow  (object  fsniniiie). 

<X(feet  Aitewt  and  InmM  to  Speaker^ 

K  8-sii.nti,  often  oontnefead  to  k'sW,  my  (object  mMOoUM). 
K's-tlsn,  my  (ol^t  feminine). 

The  i»ame  elements  are  nsed  with  the  pronominal  fonns  of  the  other 

Bmphatic  Vobms. 

The  wme  nde  nppUes  to  the  other  pronominal  fonm  with  reapect  to 
Md  selectiTe.  masenline  and  feminine  forms. 

]iB.swm  my  own.  ■*'•*># 

Kn-swa,  I  B»«wa'idBp^  your  own. 

K8-swa,  j  ' 

to-swas,  bis  own.  tft-swas,  their  own. 
sa-swas,  her  own. 

Substantive  Fobmh. 

nB^^,  mine.  8a'autl,  ours. 

Bs-swa.  thine.  ^^'^j'fJSELriS 
swaa,  his,  heia.  ■was  (a'tttsn),  theifs. 

poasagBivn  wish  Vgrtnm  SMtMlmwrn. 

tift»wa>n*-swa,  it  is  my  or  mine ;  tla-wa-sa'aiitl,  it  is  our  or  ours, 
tia^warn-swa,  it  is  thy  or  thine ;  tla-wa-Eswai-lcp,  it  is  your  or  yours 
it  is  bis,  her,  or  hers ;  tla-wa-swa»  (ailiKn),  it  is  their  or  * 


'^PossESsiva  WITH  V0rhm  MiMfoMa  ahd  Dbxokixbatiti. 

tla-n'-swa  ti,  this  is  mine ;  tla  s&'antl  ti,  this  is  omrs. 
tla  swa  ti,  this  is  thine ;  tla-EswaElep  ti,  this  is  yours, 
tiaswasti.  this  is  bis.  hers;  tla-swas  (aUtsn),  this  is  tbein. 

TbeKwa'ntlEn  also  nse  the  prepositional  form  for  the  third 
«-^^e  is  mentioned.   Thus:  skwomai'       John  the  dog  of  John.  Poll* 
SS«  owMwWp  is  also  marked  in  Kwa'ntlEn  m  the  foUowmg  manner 

«-tS8n  t«'  skwomai,  I  have  or  own  a  dog. 
n-e-tcfiQ  t«'  skwomai,  you  have  a  dog. 
e-tst  t«'  skwomai,  you  and  I  have  a  dog. 
f-tst  ts*  skwomkwomai',  we  have  some  dog*.   ,  , 
«.tstts*skwomai'^toUa,heandIbaveadeg., , 

This  last  is  particularly  inteiesting  in  ite  eonebrnotlon.  The  Ifrticle jfj*  whkh 
U  ^n^^V^ ^  ^ «««^«^ eapression  in TdlQ^-k. 

IHTBBBOGATIVE  PBON0UN& 

c«««ilitfu-Wett  who?   WetkwavA'istEliVlEm?  who  made  this  hoo^e?  ^ 
S^rWet.yl8a'ortlatlswet.  Wet  tctlQ  ?  who  are  you  ?  Wet  t'sa' ?  who  istUi. 
Wet-yl8ik'7  whoare  they  i  .    ,  .  ,  ju*u.t 

T6.wet  ?  whose?  To-wet  Slais  ts  It  whose  work  is  this  ?  or,  who  didtmi 
Tft-wet  Ift'lEm  ?  whose  house  is  that  ?    Tr»-wot  tE-nl  ?  whose  is  that . 
Btem  ^  wbatl  Btam  fsftl  what  is  that?    Stam  kwaEs-sUe?  what  do  J» 


want  ?  •     •        .   afwi^  • 

But '  what  man  t  *  is  thns  randeied :  wet  swe'Bka  I 
Kivanxtsat  whiebT  a4ii«. *aonat' 
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DBKomzBATiyi  PwuroQiok 

tM  (flMtaX  SB  (fcDL),  t'sa'  or  tEsg'  (eommon),  be  dM. 

yrsii'  (masc.).  y^pa'  (fern.),  t'sii-l!  (cMrnnK'n").  they. 

tK-t  (maiic.).  tl,  tE-na'  (luaAC.).  HE-m'i'  (fern.),  this,  these. 

tK-m  (masc.),  tiK-nl'  (fem.),  that  those. 

iMDKFimTB  PBOyOITNS. 

wet*al,  aQjroue ;  au'ita*wet,  no  one. 
7ImI',8qibmm;  mad  at  Um  mi  in  VMwh. 

BWLKZITB  FBOVOUV. 

lAmit,  aeU. 
DsMovmATivn. 

Tbeaado  not  dillBr  from  the  Toil'Qe'ak  forma  already  given,  except  la  ttM  Mb* 

■litation  of  n  for  L  The  Kwa'ntlEn,  however,  appear  to  express  the  distinotioii 
between  the  attribntive  and  the  predicative  adjective  in  conjunction  with  a  demon- 
stiative  differently.  Thus  they  say  e  tl  Iri'h  m,  this  house  is  good;  but  e  tn  lU'lmm, 
this  is  a  good  houde.  In  Tcil'Qu'uk  tlie  distinction  is  effected  by  a  difference  in  tlw 
ccder  of  tba  ivords;  In  Kw^'bUbii  by  tha  nae  of  dUteant  denumstiBtivai. 

ARTICLES. 

These  are  identical  with  thooe  in  Tcil(^'ak,  and  their  fimctioojs  appear  to  be 
thaauna. 

ADJBCTI7E8  AND  ADTBBB8. 

Uf  remarln  on  theae  in  tlia  ToU'oft'ok  apply  equally  hara.  Tba  qmtac  of  thaaa  la 

apparently  the  aamaln  all  the  Halk6me'l£m  dialects.  It  may  be  added,  however, 
that  a  atu  of  the  native  texts  reveals  the  fact  that  certain  temporal  adverbs 
'govam'  the  subjaoctive  mood.  Thus  I  may  say  sqcliMSt  'he  stands';  but  *he 
Maadfl  awhilo '  moat  ba  expressed  that :  k*$'q»Uas.  Again,  amd't,  *  be  OUia»' 

bat  wi&<;-u-tl  V$-&me%  *  ottan  lie  naad  to  ooma.'  Nnmanoa  othar  aiamplaa  will  ba 
loand  in  the  native  text. 

The  comparison  of  adjectives  in  the  Kwa'ntlun  seems  to  be  more  regular  than  in 
VsU'Qg'uk.    There  appears  to  be  an  equivalent  to  our  comparative  sign  -er,   Thns  ( 

J\»tUivc,  Comparative.  Si/jjiTlative. 

^good.  ta  or  to-e»  better.  yulau'wel-e,  best. 

kv»  bad.  tft  or  to-k*tfl,  woiaa.  yilau'wal-kid,  wont 

Thiti  tu  or  to  which  markf  the  cxunparativc  degree  is  probably  the  partioLe  to 
vliieh  ia  aaen  In  tbe  pronominal  fonna  of  the  third  peiaon  and  in  oartaln  other  pro- 
nominal and  demonatjntlve  expressions.  It  is  intaresting  to  remark  that  the  same 
partide  appeua  oomponndad  with  mi  in  the  oompaiBtiya  in  N'tlaka'pamnQ. 


rmosmom,  coNJtmoTioNs,  and  coNJUKomB  advbbbs. 

The  forms  and  functions  of  these  will  best  be  gathered  bgr  a  study  of  the  native 
tan  given  below. 

TBRB8. 

Tfas  infleoticm  of  the  verb  in  Kwa'ntlKn  is  oOaoted,  as  in  the  other  dialects 

examined,  by  means  of  particles  and  auxiliary  verbs.    The  principal  of  these  are : — ■ 
e-tl^  i-tl,  or  i'tl,  nS,  tl^  fts-tl^  ?ra,  ni-tl,  tea,  or  Ua.    The  functions  of  these  are  best 
S^aspod  by  an  examination  of  the  paradigms  and  the  native  text. 
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VKRBA  SUBSTANTIVA. 

Of  these  r,  T-f/,  >rr7,  an(1  fs  arc  the  most  important.  The  first  does  not  appcartote 
used  apart  from  other  verbs.  U  seems  to  have  the  sense  of  our  ^w*.  Sec.  The  last  thm 
are  used  both  independently  and  as  auxiliaries  to  other  verbs.  1-ti  or  e-tl  appeaato 
be  the  preterite  of  9,  it  being  found  only  in  past  tenses*  thus;  tlsmCK)  Ptl  taihtfrtllW, 
•  it  rained  yesterday.'  Wd  is  used  differently  in  some  of  the  HalkOmgl-n  dialects 
from  what  it  is  in  Sk  qft'micand  N'tlaka'jiamuQ.  In  the  Kwa'ntlKa  it  appears  chidr 
in  cocdiiional  clauses.  It  seems  to  be  the  chief  sign  of  the  sabjunctive  foiBtt 
(«M  the  vefba).  It  is  seen  also  in  verbal  syntheses  implyiDg  obligation  on  tbsfBrt 
of  the  agent,  thus  :  «rJ-kwakwot-t«En,  '  I  must  strike,'  &c.  It  is  found  likewise  is 
sentences  that  begin  with  a  temporal  adverb,  thus  :  wla'tl  kwuns  irJ  k-fk'kai,  *  I  am 
often  sick.'  lu  some  instances  it  is  used  interchangeably  with  e-tl  or  l-ti,  tbu' 
talmO'Hse-teflQ  ma  (or  etl)  k'Akan'dQ»  *  When  yon  are  sick  yon  shonld  take  msdidK.* 
Again,  it  and  some  of  the  others  are  seen  to  enter  largely  into  the  oonstroctkn  of 
conjunctions  or  connectives.  In  the  continuous  native  text  below  it  will  be  seen 
that  e'-tlds-wd^  tla's-wd,  au<l  c'-tltig'ss-tcd  are  r^^larly  employed  to  connect  Uie 
sentences.  It  is  very  difficult  to  translate  these  eiprsssions  into  Bnglish  ;  and  so 
two  dialects  seem  to  use  the  same  forms,  km  appears  regularly  in  the  third  persons 
as  an  auxiliary  to  transitive  verbs.  Its  presence  converts  the  verb  into  a  lerbal 
noun.  Jt  ax)]>ear8  also  with  the  pronouns  of  all  the  persons  in  certain  oon^tructitm^. 
Thiw  it  may  be  seen  in  the  form  kn^rnn-gt  in  the  senteooe^  Huta  kws-n-«t  k^ 'He 
said  I  was  a  bad  man.'  Again  in  Hata  kw*-j{i  nms,  •  He  said  he  wis  going.* 


INTBAN8ITIVB  VEBBS. 
sick,  k'OkM. 

Tbesknt  Tense. 

These  are  forme<l  in  Kwa'ntlEn  by  the  simple  juxtaposition  of  tbevefbafeai« 
noon  or  adjective,  and  the  intlectional  pronouns,  thus : — 

f  k  ji'kiii-tsEn,  I  am  sick.  .  k  a'kiii.tst,  we  are  sick. 

^  J  k  u'kjii-tcuy,  thou  art  sick.  1  k  ii'kiii-tsap,  you  are  aick. 


k  a'kiii  (t'sa,  to'tia),  he  is  sick.    Plur-  ■\  k  i^'^iii  (a'tltEn).  they  are  sick. 
[k*ft'kfti  (5a,  so'tla),  she  is  siok.  j  I'  fi'kai  (to  tlik'-lBm  (mase.)  I  they 

^  '  (    tl&Mitm  (fern.)  / 


Bing. 


The  locative  particle  itf  ia  prehxed  to  the  third  person,  singular  and  plural,  to 
nark  absence.  Of  the  two  forms  in  the  third  penon  iilaial,  the  isimsr  is  io 
Kwa'ntlnn  employed  in  a  particnlar  sense  to  indicate  the  membeis  of  the  s^Msltrt 
own  family,  the  latter  in  a  general  sense. 


PRB3S^'T  Teufect  and  KE.«?Poysivi:  Tense. 


Plural. 
f-tst-k  iVkiii,  we  are  sick, 
e- 
6 


•tcap-k  a'kai,  yon  ara  riok. 
-k  Vkai,  they  ara  siok. 


Singul/ir. 
^-tsED-k'u'kai,  I  am  sick. 
^•tcQq*k-a'U&it  thou  art  sick. 
€-k*ft'kii,  he  or  she  is  sick. 

If  it  is  desirable  to  distinguish  between  masculine  and  feminine,  singular  at 
plural,  in  the  third  person,  the  demonstrative  forms  given  above  in  the  present  tense 
are  added  ;  but  generally  the  subject,  when  in  the  third  person,  requires  no  personal 
elements,  the  sex  and  number  being  understood.  The  forms  of  this  tense  are 
employed  only  in  response  to  direct  qnesljons.  A  plain  statement  of  fset  ii  ex* 
prised  by  the  forms  of  the  present  tense.  It  was  the  same  in  the  Sk'qO'mic.  I 
have  rendered  the  auxiliary  c  here  by  '  nm.'  Tlic  natives  who  understand  Englifh 
do  the  same;  but  it  is  not  the  equivalent  of  our  substantive  verb.  Besides  coo* 
veying  a  statement  of  present  condition  or  action,  it  carries  with  it  also  a  sense  of 
past  action  or  condition.  A  more  exact  translation  of  the  term  would  be :  '  I  sm 
being  sick,'  kc.  kc.  "NVhen  ^  is  prefixed  to  a  transitive  verb  the  tense  is  then  really 
an  immediute  j^ast,  and  is  best  tran.Mlated  by  '  I  have  just.'  &c.,  or  by  the  sub* 
slantlye  Tsrb  with  the  addTe  participle  (see  nnder  *  TransttiTe  Yeibe,*  below). 
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rRESBNT  Perfect  CoNTiNUors  and  Responsive  Tensk. 

thi!^  (UfFen  from  the  other  bjr  Ihe  prcMnoe  of  the  temporal  particlo  Qon»'8tUl« 
•  jct,'  thus : — 

e*tABa-Qou*k'a'kui,  I  am  still  i»ick ;  c'^tst'Qo&'k  u'kui,  wc  arc  still  sick« 

PBBmn. 

!>iiigular.  Plvral. 
k  a  kiii-c-tl-tsHu,  I  Was  sick.  k'a'kai-e*tl-t8t,  wc  were  sick. 

klk^UU>e-tl*teftQ,  fbov  mtt  sick.  kii'ldU-e-ti-toap,  you  weie  sick. 

W^-e-U>  be  or  febe  Wlls  tick.  k*A'kfti-««tl,  they  weke  sick. 

The  loOKtive  parUoIe  <il  it  adM  to  the  tibiid  perwm  in  both  nnmbm  to  mack 
libeoiice. 

Tab*  Perfect  Tense. 

o-tl-tsRn  k  a'kiti,  I  hnvo  been  sick ;  L-tUte(-k*&'Jc&i»  we  have  beefi  tick* 

The  other  pcrsuns  follow  in  liko  nianncr. 

rLt;p£RKEC'T  TlKAfi. 

Ulielre  is  no  dlffetenoe  between  this  and  the  past  perfect  tehse* 

FCTVBB  Tbnsb. 

k-a'kl&i-tsEn-Un,  I  shall  be  sick ;  k-4'kiu-tstotn»  we  shaUbe  slitk. 
The  other  persons  follow  regularly. 

It  is  very  noticeable  how  rogidail/  the  Salisli  dialects  ol  this  region  pr^ie  tbtt 
tefb  stem  in  the  fatore  tense. 

PnipRBAiTto  FtmniM. 

k  u'kiii-juQ-t.sEn-tsa,  I  think  I  am  utiout  to  be  sick. 
s6*'8l-t8£Q-wa-k'a'kiii-an,  I  am  afraid  I  shall  be  siok. 
lwA'w4  k'6'kii-UEn,  perhape  I  shall  be  sick. 

Oftatitb  Foiim8« 

k'A^k&U'noQ  tl&'al,  I  wish  I  was  ddk. 
n*-8tl«  kwns-k-ft'kiU,  I  want  to  be  sick. 

CONDITIOMAb  FOBMS. 

kwfens  or  kWBoES  k'n'kftt,  when  I  am  sick. 
kwEs  k  A'kai,  When  thou  art  sick. 

k's  k-a'kiii-tst,  when  we  arc  sick. 
kwRs  k  !i'k:ii-Kli:p,  when  you  arc  sicki 

wE-ni'-fcin-L'-tl-k-a'kiii,  if  I  am  sick,  or  if  I  were  sick. 
WB*nr-Kt-e>tl-k  a'kili,  if  we  aie  side,  or  if  we  were  sick. 
wE-ntsrKj-e-tl-k'.'i'kiii,  if  thou  rtrt  sick,  or  if  thfm  wasl  sick* 
w£>ne-ap>e-tl-k'&'kai,  if  you  are  sick,  or  if  you  were  sick. 
wB*B^Bs-e>tl>k'l'kftt*  if  be  is  sick,  or  \t  he  were  sick. 

QUOTATlVK  FOB.MS. 

nu'ta  ts.1  kw>:s  <  -k'a'kiii,  he  said  thou  wast  sick, 
c-'uu'ta  k'a-e-tst  k'a'kiii,  he  said  wc  were  sick. 
«-Hn'ta  k's-Blap  k'&lcii,  he  said  7011  were  stok. 

DLDITATIVii  FOHMS. 

1w&'w&  k-a'kai-tsEn,  I  may  be  sick  ;  iwn'wa  k*4'ktti-tst,  we  may  be  sick. 

The  other  persons  follow  regularly  in  like  manner. 

It  Is  worthy  of  notice  that  these  dubitative  forms  h&Ve,  thus  far,  be(}ti  different  in 
eadi  dialeot  examined. 


Digitized  by  Google 


434 


tiltroAT— 1902, 


VMATIVB  FOBMt. 

MUi-tsEn  k'A'kai-En,  I  am  not  sick, 
ana-t-st  k'&'kai-st,  we  am  not  aick. 

the  otfaarpeMma  follow  vegalatly  in  like  maimer. 

auinuQ  i\k'al  k-n'kui-n,  I  don't  want  to  be  sick, 
ana  kwmss  wla'f  k-Alc&i,  I  am  not  often  sick. 

VlSOBtLAVBOUS  FOBMB. 

Bflikwftlflon  e-tiBn-k-ft'kli,  I  think  orbeUef*  I  an  eiek. 

k-a'kiiifl  thm  (t'sa)  tsa.  Ihi^  will  niakn  \-ou  sick, 
k'&'kftis  t&m  uU  tsa,  this  will  make  me  sick. 
i'^tcOQ-k'ft'kii!  t  are  yon  riok  ? 

^t«En-k-.a'kui,  I  am  sick,  or  shortly  S'tsEn,  I  am. 

e-l-k-a'kiii?  is  ho  sick  ?  .'  -k  a'kai.  hf»  i?  sick.  »»r  shortly  e  he  ia. 
wu'y  (or  wlatl)  kwKns  wa  k  u'kiii,  I  am  uftuu  sick. 

TRANSrriVK  VXBB. 

Hie  principal  tense  ttign.^  of  the  trandtive  verb  are:  c.  present  porfect  or 
responsive  sign  ;  nS  and  nd'tl  preterit ;  hB  ,  ,  .  nMt-t/f  past  perfect  and  j^npexfect ; 
and  tta,  future. 

AOTtVM  VOICB. 

kwit'kwot,  to  strike. 

Pbkunt  Tbmsb. 

kwi'kwot-tifin,  I  strike ;        kwft'kwot-tst.  we  strike. 
„     -tcfiQ,  thou  strikest ;       „      -toap,  you  „ 
„     -Bs  (tE  (masc.)  s£  (fcm.)  present,  fie  or  ehe  etrtkee. 

nl        o  al'si'tit     „        „  „ 

n     -Be  (totl&'lKm  (maac)  soiUi'lJiin  (fern.)  present,  they  strik«4 
ttl       „      -BB        M         o  »t         »     absent,    „  ^ 

FRBSBNT  FBBVBOS  OOBTmUOUB  ABD  BMSPOIWIVB  TBBSB. 

(•tiBB*kwa'kwot»  I  am  striking ;  A-tet-kwftlnroti  we  an  itrikiqg. 

The  other  persons  follow  regularly  in  like  manner. 

I  may  add  hero  that  '  gender  '  and  '  number,*  •  absence'  and  'presence  '  of  the 
third  person  are  uniformly  expressed  in  all  the  tenses  as  in  the  present  tense  above* 

In  the  past  tenses  the  Kwa'ntlsn  dlstlngelsli  betweenarsoent  and  a  mon  lemols 
acUoQ  thus : 

BacntBT  PA0t  tbbsb. 
ne*tsBn<k*ft«k«»ot,  I  strodk ;  ne-tst-kwft1twot»  we  steoflk. 
The  other  psfscms  follow  mipilatly  hi  like  manner. 

Rkmoter*Pa8T  Tensk. 
nc'tl-tsEn-kwii'kwot,  I  struck  ;  nC-tl-tst-kwii'kwot,  wc  struck. 
The  other  persons  follow  regularly  in  like  maimer. 

TAtK  PBBrtOT  IKD  PLtTPBBVBOf  TBBOL 

Be-tsBti-wB*tl-kwft'kwot|  I  had  strack ;  ne-tBt-wB-tl-kw&lKWot,  we  had  strack. 
Ibe  other  penons  fallow  regularly  in  like  manner. 

FOTURK  Tknse. 

kwii'kwot-tsEn  tsa,  I  sliall  strike;  kwii'kwot-tst'tsa,  We  shall  strike. 
The  other  persons  follow  rej^ularly  in  like  manner. 
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Besides  thia  iwuiar  fonn,  the  fatnre  is  sometimes  expressed  bj  addiiu;  ndm^ 
*  to  go,'  to  the  vorb  Instesd  of  the  particle  tta.  But  tUs  mn  only  be  done  ma  verbs 
of  action  where  motion  is  possible,  as:  *  1  am  going  to  run,'  and  ' I  am  going  to 
strike,'  ice.   It  would  be  Imffttribk  to  say  *I  am  going  to  bis  siok,'  *  1  am goiBg  to 

be  rich,'       with  ndm. 

Imperative  Mood. 
The  imperative  intiectiun  in  Kwa'ntlKu  is  tla,  thus : 
kwa'kwot-tla  1  strike  1 

kwu'kwot-tcuQ,  strike  thou ;  kwa'kwot*tcap,  .strike  ye. 

S-tla-kwft'kwot|  let  me  (or  as)  etdke ;  tiinit  oft  kwBs  kwft'kwot,  etrike  haid. 

The  differ«ioe  between  the  personal  and  the  impenonal  form  is  interesting.  The 

impersonal  form  in  'tla  is  used  only  when  the  speaker  sees  the  agent  abont  to  strike ; 
or  when  he  is  hesitating  whether  he  will  strike,  kc  .  or  not.  The  penonal  f (HmiS  are 
those  commonly  employed  in  giving  an  order  or  command* 

FoBin  iMpx.Yiiro  Obuoavioh  oh  vam  Pab«  ov  toe  Acwnti 

wa-kwd'kwot'tsBn,  I  mnit  strike. 

wa-k\v:i'kwot-tcftQ,  you  „  ., 
w£*tl-kwii'kwot-tst,  we  ought  to  strike. 
»        H     -toapjjron  »i  n  «t 

KBOATIVie  POBMS. 

PBI8BNT  Tmaa. 

au'a>tsEn  kw.'i'kwot'Kn,  I  strike  not ;  au'a-tat  kwft'kwot-Et,  wc  strike  not. 
au'a-tcuQ  kwa'k wot -.'(),  thou  strikest  not;  au'a-tcaj)  kwa'kwot-iip,  you  strike  not. 
au'a  kwa'kwot-KSi  lie  ^tiikes  not;  au'a  kwu'kwot-i::s  (uatlten),  they  strike  not. 

Pbmtbbitb. 

an'a-tsia  n£*Vi'kwa'kwot,  I  did  not  atdke}  aaVtrt  ne-Kt-kwft'kwot,  we  did  not 

strike. 

au'a-tcaQ  ne-u<4-kwa'kwot,  tboa  didst  not  strike  j  aa'a'tcap-n6-iip-kwa'kwut^  you 
did  not  strike^ 

au'a  ne»BB*kwi'kwot»  he  did  not  etrike )  an'a  nft^tt^kwAlcwot,  th^  did  not  strike. 

Future* 

auVtsKn  tsa'-kw&'kwot'En,  1  shall  not  strike  {  au'a-tst  tsa-kwa'kwot*Kt,  wc  shuli 
notetrfkoi 

au'.M  trno  tsa-kwl'kwot*^  then  wilt  not  efcrike;  aii'a*tcap  t8a'kwA'kwot*ftp»  jon 

will  not  btrike. 

an'a-tia  kwA'kwofc-ai^ he  will  not  strike;  anVHa  kwA'kwot-Bs,  they  will  not 
strike. 

IHFBBATIVB. 

au'a-tcuQ  kwa'kwot-oQ  !  don't  strike  it  I 
au'a-tcuQ  kwa'kw'k''s;ira(;-<")Q,  don't  strike  mo. 
au'a-tst  kwa'kwot-Et,  don't  let  us  strike  it. 

It  is  interesting  to  observe  that  the  Kwa'ntlEn  unifonnly  suffix  the  regular  subject 
pronoun  in  negative  sentences  to  the  negative,  adding  a  secondary  form  to  the  verb 
stem  as  welL  This  is  not  an  uncommon  feature  of  the  Salish  tongues  ;  nor  is  this 
attachment  of  the  pronominal  forma  to  the  adverb  confined  U>  the  adverbs  of  n^^tion 
only.   Yet  not  all  adverbs  are  thus  treated. 

CONDmOSAL  FOBM& 

wftpkwA'kwot-t  s Eri .  i  f  T  s t  r i  k  c  wft-kw&'kwot>Bt»  If  we  strike. 

I*  w  -tcug,  if  thou  strikest.  „  „  -Sp,  „  you  „ 
„        „    -SB,  if  he  strike.  «        »    -^t  u  they « 
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W*-kwft'kwot-En-f-tl,  if  I  were  to  strike;  wi-kwfc'kwol-Et-f-tl,  if  we  were  tO  strike 
w      f»*       -OQ-^^tl,  „  thou  wast  to  „     ;   „       „       •ap^*tl,  if  yuu  „  « 
,«      M       -n^tlt  H  be  were  to    „    ;  „       »      >ls-64l,  if  thej »  n 

&>iril'-w8*kw&'kwot'^t«Kn,  I  mtij  ttiike ;  e-wft'.wi-kwft'kwot-Ut,  we  bmj  etrfke. 

The  other  persons  follow  regularly  iu  like  manner. 

kwKna  ue-wK-tl-kwu'kwot,  when  I  strike  or  struck  iU 
lf»>iie-ws-tl-kwft'kwot-ta1^  when  we  strike  or  stmck  it. 

Optative  Fobmh. 
tkB-stk*  kwEn.s-kwri'kw()t,  I  wish  t  coukl  strike  it,  or  I  desire  te  stiike  it* 

n       kwBS'kw&'kWOt'tSt,    t»     we  n         n  OfW9  „  h 

u  -kwft'kwot,       „    thon  ooaldst  strike  it. 

,,  -kwA'kwot-Up    ,,    you  could 
kwa'kwot-^  tlafi'I,  I  wish  you  would  or  could  dtrike  it. 

„      -Kt     „        „    we  could  strike  it. 
ii^wa*itl«8  k'e-kwft'kwote?  did  he  want  to  strike  it  ? 

INTEKROOATIVE  FORMS  AND  KEPLIKS. 

nC''-&-kwa'kwutE8?  did  he  strike  it  / 
iiC-kwft'kwotEi(.  he  did  strike  it. 
nfe'-ft-tcnQ-kwa'kwot  ?  did  you  strike  it  ? 
nc-t^^Rn-kwa'kwot,  I  did  strike  it,  or  shortly,  Dc*tsKD»  I  did* 

kwa'kwot-E-tst    ought  wu  to  strike  it  7 

The  iatenogative  wign  is  d  in  Kwa'utlKo.   In  S'qO'mio  it  is  9* 

ITBBATIVB  FOBMB. 

6-t8Bn-«^-kwft'kw<Vkwot,  I  am  repeetedly  striking  it. 

L-tst-wii  „  we  are     .,  „ 

wii-kwa'kwOkwotE.s,  he  is  .striking  it  all  the  time. 
kwa'kt^'Okwot'tcrtg  !  keep  on  striking  it  I 

All  iterative  or  prolonged  action  is  unifornUjir  expressed  redopUcatioo  As 
above. 

Dbpbmcativi  FosiiIi 

au'a-tcAy  kwu'kuol -oQ,  plea.se  «lon't  strike  it. 

These  forms  differ  from  the  negative  imlicativc  forms  only  in  sounds  The  final 
a  of  the  negative  is  drawn  oat  in  a  beseeching  tone  in  the  deprecative  forms. 

ftld^BOOAL  JTOBHi. 

nr--t.st-kv.-:\'k\vof 'al,  wc  st rtudt  iiob  otilef. 
nu'tcap-kwa'kwot'al,  jou  „  „ 

IvmmvB  FoBMfl. 
kw&lcwot,  to  strike ;  nft^lnr&'kwot,  to  have  slraek. 

r.SUTICiri.KS. 

kw.i  kwokwot,  ^lrikin{J  ;  gerund,  skwa'kwot. 

Tho  stem  of  this  verb  is  ^/n7^'7j- nr  ^/n/^y.  The  termination  -ot  or  -uf  or  rt  is  a 
formative  element.  It  is  suffixed  lo  the  stem  of  any  active  verb  when  the  '  it '  is  an 
indefinite  object.  It  is  the  indeterminative  of  ftction.  It  mfty  be  teplAtad  by  unq 
or  7i''q,r])v  dtterminative  of  action.  Thus,  ni-tiKn-hcil'hw'niitf,  I  struck  It.  WInB 
nt(^  is  suliixed  the  '  it '  always  relates  to  a  kiaown,  determined  object. 

FAmVB  YOtOB. 

kwlkQ,  strook. 
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PttvavT  FuraoT  or  AooiDniVAL  Aonozf. 

kwik*^€laM,  I  am  struck ;  kwik-'odlxm,  wo  are  stmok. 
kwftk^'m,  thoa  art  „    ;  kwik* Wp,  yon 


sxT  Perfect  ok  Puaposivs  AcrioJCi 
kw&kQlte^'lRiiit  1  am  nixwk ;  kw&kQBU'lKin, an  stmok* 

Immediate  Past  op  Accidestal  Action. 
e*kw&k''ii6'lBm,  1  am  just  strnok ;  6-kw4k  'aA'iiUD,  wa  aie  juflt  iitrUck. 

Immediate  Past  of  Pubposive  Action. 
c-kwAkQKiic'ljun,  I  am  just  atnick ;  e«kwakQBt4'lsm,  we  are  jutt  i»track« 

Rbcext  Past  op  Accidental  Action. 
ii&-kw&k''ii6'lBm,  I  wai  ttnick ;  D6-kw&k''iia'lJBm»  we  were  struck. 

RkcKNT  VAi^V  OF  I'L'RPOSIVE  ACTION. 

iic-kwttk(;i&M:'l£mi  I  wax  struck ;  D6-kwakQ£UU£m,  wc  were  slruck. 

Kemotkr  Past  ok  Accidental  Action. 
fic-tl-kwuk'  nc'lEm,  I  was  struck ;  uO-tl-kwak  'nu'lKm,  we  were  struck. 

Bbxotbb  Past  op  PirBPoaivi  Acnow 

D0-tl-kwukQB8c'l£m,  I  was  struck ;  nc-tl-kwakQKtul£m,  tvc  were  btruck^ 

FAST  FBSraOT  OP  AOCIDBXITAL  AOttOS. 

1cwftkQ*ii4aBm*e*tl,  I  hate  been  stroek ;  knrakg'nHlim*e-tl,  we  ha?e  beeil  liMck. 
«^tiKa  kwikQ,  I  have  been  stmck ;  ne^tet-kwa-kq,  we  have  been  stnutk. 

Past  Pebfect  op  PuKPOflivK  Action, 

kw&kQaA'm9fli-e*t],  I  have  been  struck;  kw&kQBt*10QHis-e-tl,  we  have  been 
ttmck. 

Plupebfkct. 

c-U'lasn  kwakQi  I  bad  been  struck ;  c-tl*tst-kwakQ,  we  bad  been  struck. 

FUTUBE. 

kwikQMSt»tsBn-t8a,  I  shall  strike  mjself ;  kwftkq'»Bt-tst>tsa,  we  shall  strike 
euseKfea. 

COJVmTIONAL  FOBMS. 

wft  kwAkQBstfvm,  if  I  am  struck ;  wii  kw&kQBsBt-Bt,  if  we  are  struck. 

WK-ne-Fa-e-tl-kwftkQEst'lKm,  if  I  should  b>c  struck. 
MrE-ne-Es-€-tl-kwr»koK*:ilKm,  if  we  should  be  ytrurk. 

wa-kwakg£sE't-Eo,  if  I  i>trikc  myself  ;  wii-kwakQEsEt-Et,  if  wc  strike  ourt>elvcs. 
wi.kwftk<Mt-o<|»  if  them  strike  thyself;  wA-kwftkgK8iU-&p,  if  yon  strike  yoniw 


wE-D§-En-e-tl-kwtkQ,  if  I  hate  been  stmck )  WB*nA-Et-e-tl»kwftk<i,  if  we  have 

been  stmck. 

wF-n^-AQ-e-tl-kwftkQ.  if  tboo  hast  been  strntdt ;  Wlt»n6*llp-e«tl*kw&kq,  if  yon  have 

been  struck. 
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wE-Dc-Efl^tl-kwftkQ,  If  lie  liM  been  stnick;  wB-nfi^iM-tUcirtkqb  tt  l^r^ 

been  ntruck. 

De«tl't8En-s't-wa-kwakQ,  I  may  have  been  struck }  ne-tl-tst-8't-wa-kw&ikQ,itfli^ 
inva  been  stniok. 

l^.FLKxivL  Forms. 

w&kQ-n&'mit-tbKn,  I  strike  myself ;  kwftkQ-n&'imt>tetk  we  strike  oandim. 
kwAkQ-n&'mit-e-tl-tsED,  I  etmck  myself;  kwAkQ-iiik'mit<e-tl»tet,  we  itiackMnte 

lIUQlLLAiniOUB  FOSMS  AND  BXPBBBSIOHS. 

I  have  a  dog,  fi-'tsKn  ts*  skwomai'. 
You  have  a  dog,  netcQQ  ts'  skwomai'. 
You  and  I  have  a  dog,  e*tst  ts'  skwomai'. 
Yon  and  T  bava  dogs^  fitst  skwornkwoiBal'. 

We  have  sume  bones,  GtAt  is'  stK'lKkaia. 

He  and  I  have  some  dogs,  t'tst  tn*  skwomkwtMDai'  6«i0'tlai 

We  have  some  horses,  stK'Ibikaiu-tst. 

He  bas  some  bones,  nl  te*  stB'lBkaitk* 

Hy  dog  is  black,  skeq  tE  n'  skwomai'. 
Your  (log  is  white,  pKk  ti:  cs  skwomai'. 
His  dog  in  white,  pKk  tK  skwomai 's. 
Oar  house  is  old,  sl&'Iakwa  tB  l&'lem-tst. 
My  hat  is  on  the  table,  tii  .sitsa'  ya'suk*. 
It  is  under  a  stone,  stlapalwitl  tK  smftnt. 
It  i8  by  a  stone,  spleKk  tK  smiint. 
It  is  on  a  stone,  tlatlok  tK  or  nl  tK  smiint. 
It  is  in  tbe  box,  nK  nin^'ytk  tR  kd'akoa. 
Near  mo,  s'tEtKs  tl'o'nsn. 

A  stone  will  sink  in  water,  tK  smant  t'pll  nl  tB  k'a. 
In,  on,  nl. 

Gome  with  me,  me'tla  skA  tre'nsa. 

Come  home  with  me,  mr  '»'a  tak  Q  skft  tl'e'nsa. 
I  will  go  with  you,  nKm-LaKn-tca  ska  tl'no'a. 
Let  us  build  a  house,  e*tla-se>autQKm. 
Let  OS  make  a  oanoe^  ^la-bU. 

Let  us  iro  tliere,  e-tla-nKiu  tB  nl. 

Let  u?v  v.it  it,  r-tla-nKpi'tl. 

The  canoe  floats  on  the  water,  s'pKpakQ  tK  snu'kvjEti. 
The  moon  is  biigfat,  stft'tfl  tB  tTkBlts. 
The  day  is  clear,  cwil'EkXI. 
It  is  cloudy,  cue'KstKn. 
lie  is  making  a  fire,  e-hai'Kkwelsip. 
dive  me  the  hoise,  md's-tcOQ  tB  sfkaiu. 
I  can  ride,  so'wa-tsEn  kwKnKs  si  tsil. 
I  can  swim,  so'wa-tsKn  kwiinKs  t*5'sKm. 
Are  you  cold  I  e-a'-tcil<4  tsa'isalKm  / 
I  am  oold,  6'*t9isn  tsa'taatlBm,  or  simply  d'-tsBn,  I  am. 
Are  you  hungry  7  e-a'-tcftQ  kvAlcwd  f 
Is  he  sick  ?  ( -a'-ka'kiii  ? 
Is  your  father  dead  t  n'-e-a'-k'ai  kwaa'n  mEnt 
Is  be  coming?  a-mft  taa? 
Aie  yon  coming  t  a-me'-tcftQ  tn. 
I  often  go  there,  wla'tl  kwi'nEs  wa-hen-nKm  tsa* 
Go  in,  kwatg&'lKm  1    Come  in,  m6*kwatQe'lKm. 
Did  yoQ  sboot  a  de«r  ?  n*-d*&'-tcQQ  kwili^  tB  smftb  f 
Is  it  dark  ?  yetl  insets! 
It  is  light  (in  answer  to  question),  1  stfi'tu. 
I  want  you  to  go,  nKstle  kwa  K':j-nEni.   Come  along  1  me  tla. 
It  is  Hany,  tia  Hanry.   It  is  Mary,  tla  Mary. 
Once  he  cmne  to  my  boose,  nE'tsauQitl  ks*  ftmAs  tKnB  Ullem. 
He  often  used  to  come,  wlya's-E-tl  k's-am^s.  ^ 
When  I  came  in  the  man  waa  lying  on  the  bed,  tIA's-wa  a'qBb  t£  iv«  £>' 
l'-6-tsBn-m6  kwatQe'lEm. 
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vrhen  I  wont  out  I  aaw  btm  tbeie.  6'>tiBn-kwi'ti>iiftQ  kwsiUBi  nft'witl  BBm 

k  r:l. 

1  am  hurt,  <' '-tsEti-niiiqtl 

Yoa  have  Imrt  me,  e-tcuQ-uiuqtl  uamiH 

Who  made  this  f  towot  tfal'n  ts  I'  1  (rarbatim^  Whose  work  is  this  ?) 

I  did,  tE  ensa  Cif  alone  with  questioner  the  UUnrarnonld  then  be  simpljSIIS); 
E  ensa  '  is  the  selective  form  of  this  pronoim. 

He  did,  tia  t'sa'  {verbatim^  it  is  tliat  one). 

He  hie  killed  it,  ni-laU't-iilkQ-Bi. 

I  should  like  some  water,  nK-stlt*  kwa  k  .l. 

I  ahoald  like  to  have  a  horse,  nK-stI<~>  kwa  tfkaiA. 

He  said  he  was  going,  Hata  kwEs  DKms. 

I  ssid  I  mrnm  going,  Bote-tsiii  kwBns  BBm. 

He  said  I  was  a  bad  man,  Hata  kwKnPis  k-Bl  (mIstfi'ftQ). 

He  said  I  ought  to  go,  Huta  wa-nEm-En. 

I  told  him  he  ought  to  go.  ne-tBED'Hat-fis-tOQ-wa-tliis-nEzn. 

When  jon  oone  In,  shot  the  door,  fkai-toilQ  sBetl  w»-m£-OQ  kwatQft'ln. 

Wlien  ytm  aie  sick  joa  should  take  medicine,  talmO^Hse-tcflkQ  wik  (or  eU) 
Ikau'OQ. 

When  the  deer  saw  me  it  ran  away,  ni  tlo  tE  smeis  kwEs  ni's  kwats  nEmsHEi. 
When  it  ndns  I  stay  in  the  house,  wiikate'ttQ*tBBB4d  etl  stlBnoQBB. 
Would  yoa  not  like  some  meat  f  aiUUft'  sties  kwa  smfi'is  T 

I  mvL&t  drink,  k  i^kut  ensa. 

I  ought  to  drink,  stlo'tlun  kwEos  k'ilm. 

Ism  eatlDg  meat,  A^lt8B*tsBn  ti  sm§'is. 

Which  is  your  horse  ?  tla  kwa  ne'tsa  Ks  sfkai'Q  7 

He  stole  my  horee,  nl-kiiEns-Es  kw'sFm'-st'kai'u. 

He  »tole  your  horse,  nl*kaEa«-Em  kw'sEs-st'kai'Q. 

He  killed  my  dog,  nMcai'Btn  kVasii'-skwomai'. 

He  killed  jonr  dog,  nl-kai'EtEs  kw's-t'is-skwomni'. 

I  lo<t  my  dog,  nc-tsKn-Kkwa'iiEm  kw'sEiT  nkwomai'. 

Ue  lost  his  dog,  nl  Ekwft'nem  kw's  skwomai'. 

1  cut  my  foot  (indefinite  of  means),  tlits-Hin. 

It  is  raining,  ftlBmd'Q. 

It  rained  yesterday,  stlEmoQ-etl  tsila'katlitl. 

It  will  rain  to>morrow,  stlEmOQ-tsa  wai'yilis. 

If  it  rains  I  shall  not  go,  hatsA  tlsmOQ  e*AQ'a-teBn  nsm-Bn. 

If  it  is  fine  to-morrow  we  win  go  hnntiog,  h&tA  e-wK  wAi'yills  ni'm^tst  h&'wa(0r 
IfEpl.Vtl  if  with  n  gun). 

Where  are  you  ?  ne-tcaQ  ani'tta?  fi^'tsEn  0  tE  na,  I  am  here ;  or  u  kwB  Dft  (the 
litter  is  an  older  form). 

I  ttre  here,  ••tssn^tlenaoQ  h  kws  nft  (in  answer  to  question). 

T  live  thero,  nK-tsEn  nl'  kwo  nl  (in  answer  to  question). 

He  is  in  the  booae,  nl  s'uatau'Q  (with  emphasis  on  in  it  would  be  nl  ya  s' 
lata'aQ. 

Be  is  on  the  beach,  nl  ts&'isS. 

lam  a  Kwa'ntlEn,  Kw<VntlEn-tsra. 

I  shoot,  Qolic-tsen;  I  am  nliooting^,  e-QoliC'tsEn ;  to  shoot,  sKjtoIic;  he  shoote,  ni* 
()oIic;  a  shooter,  ii-QolQolic  or  nuks-goUc. 

I  fish,  tlUlis^taBn*,  I  am  tahing,  ft-tno-tliltlBi;  to  Hah,  stlfttltts fishing;  he 
4«hes,  nl  tlatlEs  ;  a  fisher,  nfiks-tlas. 

I  hnnt,  ha'wa-taEn;  I  am  honliog,  e-'taBn  h&'wa;  he  hania,  m  ba'wa;  a  hunter, 
Mks-ha'wa.  \ 

I  dig,  efi'kwids-tsBn  •  I  am  digging,  6-'tsBn-86^idcwtils ;  to  dig,  sftlnnds;  he  digs, 
■1  seTcwEls ;  a  digger,  nuks-s6'kwEls,  or  Hs^^sekwEls, 

I  work.  riias-tsKn;  I  nm  working',  u*tBBn>yjbis ;  to  work,  syttas;  he  works,  m 
J&£s;  a  worker,  nuks-yfias  or  nukc-itias. 

I  swim,  t6Csm>tsBn ;  I  am  swimming,  ft-tiBn-tfttsEm ;  to  swim,  stfttsim ;  he 
•^ims,  nl  tetsEm  ;  a  swimmer,  nuks-t^tsEm. 

I  run,  Hunyhii'nKm-tsEn ;  I  am  running,  e-tsEn-Hnnyhii'nEm ;  heran8,nl  Hony- 
<>^'QKm;  to  nm,  sHunyhii'nEm ;  a  runner,  nuks-Hunyhti'nEm. 
,  ^  teie.  kwnienitl-tssn ;  I  an  danoing,  e-tsBn-kwai6^l ;  to  daaee,  akwai«aitl ; 
ho  lana  a,  nl  kwaiglttl  %  •  daaoor,  iKIks-kwaifim  [TUs  termU  U  has  somotfanes 
thesoondof  B.] 
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A  ranoe  maker,  nfiks-hfii. 

A  basket  maker,  nuks-kwii  WE9  (skwiiwE*;  =  to  pierce). 

one  atone,  nEUa  smftnt. 

two  stones,  jix'' la  smiint. 

many  sUMiee,  koq  sinant. 

any^stones,  k6-»nlBt-iI. 

few  stones,  k-'amas  srolnt. 

nil  stones,  muk  smunt. 

tMjme  stones,  sniKmu'nt. 

no  stones,  au'ita  smiint. 

one  dog,  DK'tsa  skwomai'. 

two  dogs,  jisi'la  ,. 

many  dogv,  kaq 

nny  dot's,  ko-skwomai'-iil. 

few  dogs,  ke'kanuw  akwoniAi'. 

nil  dogs.  mdk.  „ 

some  dogs,  skwomkwomai', 

no  do<>:s,  au'ita  skwomai'. 

one  hut,  nE'tsa  y^'suk  or  ye'tnwok 

two  hats,  jistvla  oryirilawok. 

m.'xny  hats,  k\i(ii:w()k. 

few  Imts,  ki-  kaiuiuiyii  suk. 

nUhftta,  m5k 

no  hats,  au'ita  „ 

this  boose,  t£-na  U'lsm. 

these  hoQwe,  tB-nn  Bift'lni. 

tliat  house,  tf]-nl  la'lEm. 

those  houses,  t'sa  ul&'l£m. 

these  two  hooaes,  tB-l  yiiEl&lBm  (I«bere). 

those  ,,      „      t'sa  ,« 

this  hat,  tK-na  yii'suk'.  ^ 

these  luits,  tK-na  yayii'sak-.       '  (The  collective  oC  this  term  is  here  differently 

that  bat,  tE-ni  yft'mik.  f   formed  from  that  in  the  Tdl'Qe'ak.) 

those  hats,  ye'sa  or  yVsa.  yii'suk  J 

right  eye,  cwlyii'lEs  or  s'waiy&'lEs. 

left  eye,  oBkwft'lBs  or  takmVlXt. 

both  oycs.  cwai'yiilBi,  ot  aSrai'yalKi,  OT  kxq-dlom. 

right  hand,  s'eyua. 

left  hand,  s'Kkwaiyfls. 

both  hands,  t'siiyAs. 

right  foot,  s'enin  ora'aiHln. 

left  foot,  sk  OHin. 

both  feet,  s'aiHin  or  »\i'mfmL 

right  car,  cwIii'UU 

left  ear,  akai'lu. 

both  ean,  k««n,  kta,  or  kwBnkirtn. 

1  Kn  Kwa'ntlEn,  I  am  ft  desoendaot  of  the  Xwa'ntlBD,  or  I  bekmi^tothe  Kmr'ntin 

bj  descent. 

CONTINUOUS  NATIVE  TEXT  IN  NABBi\TIVE  FOiiM. 

Te  Si'yie '  tla  ■w^'wolna. 
(The  Stoij  of  the  Tonog-inaii.) 

No'nsa  BWc'Eka    yu'yRs  tB      sftltBD.  e'-tlAa-wft  akwft'taa  Te  ns'ttt.  e'-tliLs-wft 

a     nan  ivaa-eogaged-ln  fiihiag.  Aad-then  he-oaoght    one;  Then 
kBlft't  k%n.  Qon-qita'taa  «'-wB-tl*t«m'inltBi  kw&  Rft'pBi. 

again  hedipa(ihebig-net).  While-sp-doing     he-heaid         a  whlttUag^nobe. 

*  Sl'jfU  is  the  name  given  by  the  Kwa'ntlBn  to  stoiiei  thev  believe  to  be  tme,  in 
oontradiatinotioa  (0  the  term  to^rcia'm^  whioh  ligniftee  m  *lable'  or  *  myth.' 
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^'•tl&s-wa  QEin'aniEtEs.  To-hi's-tsa  k's-qt'lins.    e'tlo  kEla't    kVim        Tlo  kKla't 
Then      he  listens.      Awhile    he-stands.    Then  again  he-dips.     Then  again 
tsla'ojHtKskwu       Hu'pF-a.         f-'-tlr.  kKla't    k'ilm.      Tl<">  ki'la't  talii'miiti's  kwil 
he-hears    a    whistling-noise.   Then  a^Min  he-dips.    Then  aguin     he  liears  a 
Hii'pKsi.  u'-tlus-wit     8qe'liH8    kwii     tdhl'a.        Knla't  tslii'oititKs  kwii 

whlstUiig-iiolM.    Aacl-tlMii  h«««teiida   a   little-time.    Again    behean  » 
Bft'pia.      fi'-tito*ivft  talniiQs    lc*s*tlu    ts    oqEntBi  *  nl-H&'BapEs. 
wbietli]ig>>iiolMu    Then    he-knew  tbat»it-was  the  killed-thing  had*been>wbiatllng. 
Tl&s-wu  kwe'nits  tB  ewe'ltens.  ^'-tl&s-wil  Inm-la'inits.  £'*tlftt-wft  nsme  tftk-Q. 
Then    he-took  the  net-hii.       Then   he-folded-it -np.    Then  he-went  home, 
fe'-tljls-wft  QnnnT'ns     tK       cowji'lis.    (''-tlAs-wii  kwiils  :    ♦  nKm-tsEn  t'-yilisii'la. 
Then    he-reached  the   pan  nts-his.     Then     he  said  :  •Goiog-Iam  away. 
Tohl's-tsa       e'-mr»-tsKn    k'onsit.'    »  '  tliVs-Es-wii  kweuits  tE  iiml'inEn  sK-'uk  g. 
In-a-lit tie- while  coming;- 1  am    back.'      And  then     he-took    a     little  food, 
e'-tlaa-wtk  nKuis.     e'-tlas-Es-wii  kwaii't^Et^. 

Then    he  want    Andtlien     he-nndetwent-Mt-tmining-f  or-n«*  medicine  -man. 
Wli'tl-taa  k%-wa-«'-«tanoi   tB    gsjei    tB     cftqtt    tE    mB'nae.  HWasn 
Alwajt  tfaty-kcpt^ready  tlw  paiente  tim    bed-hia  the  aon-thein.  Foorth 

timdta     «-m«     QBA'met.     kw'8E.<i— taa    mi-tlA^mfi     Ukk'Q  S'.(lAs-ae-w& 

moon     he-camo      home.  While        was-eoming    home  then 

kwe'nits   tE    su'knm    f'-tlas-Es-wii    tla'kuta      no    tB     kwB'lBs.  f'-tlft8-K8-w& 

he-took  the  cedar-bark    and  then      he-put-it    on    the  stomach^his.  Then 

ke'kuts  tE  k\vi:lt:s.  snilt  tsa  kwa  k's-wE-tl-tii'tcEls  QEA'mot. 
he-boand-up    the  stomach-his.     Night   it   will  be      when-h6-gct.s  home. 

u'-wa-cwKwi'  se  srEl.  e'-tlfta-Bs-wA  Qfita  -  tB  sw^'akus.  e'-tius-Ls-wtl 
8lia>waa«wake  the  mother.      Than  '    ahe-woke  tlie  hnaband.  Then 

pU'mitor        *N«'!'  «'tlfta-Bi-wft  nsma  ni'flBiatQBB 

tte!faak:  'la-that-yon?*  *Taa,  itial.*  Then  th^gothcy-take-him-to 
tB      ca'qEs.         ets     kwa    me  tuhl'a  £'-mu-k'ap  tB 

the    bed-his.       When    »    Uttle    time  has  passed     assemble-together  the 

koq     mistC'uQ.   6'-tlft«-l»-wa  kwE'lEs  tE  slyii'lakwa :  'Tauhauwii'lEmatla 
lots-of    people.         Then         spoke   the  old-people:  ' Let-us-see-you-perform 

swa'wolus.'    fi'-tlfts-wtl       8qc''liHa       tE    swft'wolus.     c'-tlfts-wii  hauwii'lKms. 
yonng  iuen.'       Then      they-stood-up  the  yoong-men.       Then      they  perform. 
6'>tl^-wii  kwE'lEs-tsa  swC^'wolos:  *  TG-Ttt'ktatla ! '  c'-tlAa-wa  kwE'lKs 

Iben      he  aald    yomig-man:  *Lat  theflie  be  madevp!*     Then  aaid 
tBaijilakwa:     *7flkta'thK  i-«-tat*wa    kwn    tEts^t'n.'  e'-tlfta-wft 

the  old-people:  *Boi]d-np*the-ilra,  we  aie  gidng  to  have  aome  wonder.*  Then 

mte      aqft'liH.        e'-tl.Os-wil  kwSlBa:  *  NEmii'tla  kwe'nit  kwa       S(  u'nia.' 
he-came  he-Btood-np.      Then     he-said:      'Go       fetch     a  big-oedar-kettle.' 
fe'-tlas-wii       DKm       tE    sw&'wolus  kwc'nitFJS   tE         sruma.  «''-tla.s-wii 
Then      they  went  the  young-men    they-got  the  big-cedar-kettle.  Then 
QEe'nQEs;        tlalcatEs  stE'tEs*  tE  bai'juk.  u'-tlas-wii  nEms  Uj-tla  t'-tlfts-we-tl 
they-broughi-it;  they-put-it  near  the     five.       Then     went  he    and  began 
kwaiye'leHs       n6        tB     a^ttma.    TiShl'a-tm  ka*  kwaiyfi'loiia.  TknltaolA'ntaa 

to  dance  nmnd-ebont  tlie  big-kettle.     Awhile  he   danced.  From-end-to-end 


•  Anything  that  ia  UUed  in  hnntiag,  fishing, ia  called  the  hnntet'a «f mm 
•  •prey,'  ••poll.* 
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kwfiiyr-'liHS.    6'-tl:"\s-F.)s-w;i  ra«'s       w!l       tv.    k-a.     n'.wlfl'tl  tsa 
(of  the  kettle)    he  danced.         Tlicn       came  to  appear  the  waier.  Now  continues 
kwaiycleHH  to-tla.    o'-tlaa-Ks-wa  mos        wll      ti;  so'k-wiii.    ("-tin  kElii't  roe 
to  dance      he.  Then       came  to  appear   a    B:iliiion.     Yet    again  came 

wU       tK-tlO  su'k'W&i.   6'-tlAs-wa  yissu'Us  in  sG'k-wai  k's      iie'tEms  aft 
to  mpgmt  aaoMwr  ailiiMB.      Tbm      two    fbe  nlami  thqr  sfw-abont  ia 

tB   •9aaiA.      Tm'»         qutn-tn.  ft'-nS-flfi-tiBa  ftl  Bflq. 

tiM  Ug^kcttla.  Vor  Airiiile  febflgr  oootiofM.  Thn-allHicriiiwenl  and  both  dlHppaarad. 

BQqwUl'm  tla  SmtilO'  6  Sk^Q'tsBmn. 
(The  rtoiy  of  Smsld'  and  Skslii'tsnnBt.) 

WE.nt'-t«a'-al  tE  yai'BKla  slEntlii'ni,  syayii'tEn  tsa' taa-tiaiEm.    e.nf'-tm  tE  ma'niE- 
There  were       two     women,     widows     they  were.       There  were  children. 

nfis;  mok'  tsa      sBwd'Bka.      B^k-ai  IB      oAw&'ll'S     n^'a'   t£  skc'iau. 
thoir;  both  wore  men-chUdren.    Dead  the  l!athei»>their  there  that  mar. 
ftaft'taa,  eflkwai'le  tB  ma'nuiii  tao-tUk'-IiB.      kw*wait«e  t«i.tl&'.Uto. 
TheieCora^  tnin-tbej  the  ohOdren      tbty.        Hmjioio  balBg  tmiaed,  tbef. 

e'.mi      teft'm,       {^•kVe^i.wE.ti.tii'^     ■Bw«1tfni  t«»>tU'-lBB.  ^'tlie-wi 
They  come  to  grow-ap,  and  when  tbej  big-beoooe    men         they.  Then 
tla'lEms-ril     kwflkwaii'sfit  e'tliia-wa  mO  kwa'lFm- 

they  both  underwent-their>training*for>*  medicine»men ' ;  and-tben  cauic  Htrengths 
kwom  (from  kwamkwom,  strength,  power)        sEt         tau-tla'-lnm.  QKn-gtKa'-tjta 
(phTsioal)  beoome-strong       they.  Tliereupon 

&'-wB>tl>n&m  Etsn&'mit  tB     KaoS'toin.  k's-i's  mu 

it-fpiead-ehfOBd (tlM feport)  beavd   the  Kanft'tdO'Ctribe).  Afiw.&.Iitye.whila 
Si'laBa*eBw6'Aa  taa-il&MBD.  tB    dnn^-e  taa*t]ft'-lBBi 

eaaa  the  woDder-weridng  powem  (of)  mea     thoee.     Tha  aaine-tbeir  they 
BmElu'  tK  si'ntla.  BkElu'tsEmEs  tB  elfeok*.     e'-tlcOs-Es-wi  amS'  tR  KauC'tcin 
BmBld' the  elder,  8k Kla'teBmBs  the  younger.      And-then     came  the  Kaoe'toin- 

MinkQF.t]  '  Taq-wK-nA         ir.  tmVtso.*  Tau-tlfi-lEm 

people  in-war-canoes-to-fight.    They  are  just-off  the    shore.    They  (the  brothers) 
fiUyqtKs  tE  skwai'tsi.     e-wl.l'^-tsa  k's-wa-kwinii'ts  tE  kwa'kwKstKn-s* 

they  are  searching  forsea-urohins.    Always       they  carried     the  cJubs-their 
tau-tl&-lEm.     Qsn-Ho'ta-tiB     d'-wB41-mft    t&'teBl    te   Kane'toin.     c  -ilas-wa 

they.  Whllo-thaa-eiviged  Ihey-oaBie  to  arrive  the  Kaod'tehL  Than 
t/kwSfea  te    niyi'd  fi^-fUe-wft  kwfie  tao-tk-lBm  aim 

•aw-them  the  noCben  (the  Xaiafi'toiB).  Than  olimb  they  (the  mothen)  tbagr  go 
tB  sHrda'SBt-tOQ  ft'tHi-wft      t'BeBfBms'  tau-tm'-iEm  £'tlaa>wi 

the       roof.  Then  they*step-roand  rapidly  they  (the  mothers)     and  then 

tsTcwiits  tK   Kaui'tcin,   me     sQtFA'won     tK     Kau6'tcin     k's-tlus     SmKlu'  o 
gcc-thetn  the  Kaui'tcin,  wime  the-thought  to  the  Kaue'tcin  that-it  was  SmKlu'  and 
SkKlu'tsKmKs.  ne-wK-tl-kwats-nuq-E8  tau-tla'-lEm  Kaue'tcin  tE  yai'sEla  sKwe'Eka 
SkKlu'tsK.mEs.  Thcy-had-seen-them  (had)  those  Kaue'tcin  the     two  men 
Klatl  tE  snukQEtl.  e'-tlaa-w&  eQftift'woBe  tan-tlft-lBm  k's  tlas  skwaie'ts  tla  SmEki' 
in  the   oaoee.   And-tben  thej-tbooght  tbay   thef-weca  alavae    of  Boddo' 
«    Sk^n'teamBi.  t'-tlia-Bs-wft  md  kwBlkwft'lBwon  tan-tlA'-lBm 
and  BkBlu'taBBUM.    And  then  came    the  tboqght    (to)  them  (the  Kanfi'teiB) 
k's-ls-k's-an'Es     nft'mBs     tlKl.   g'tlfts-wii  kwE'nEtEm  M  tK  SmElo'   $  tB 
that-they-wonld'not     go      ashore.  So  then  theyeeiied  both  Smalo'  aad 
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SkElu'tBKmEa.     f'-tl.l«;-wH  kwK'nKts  tK  k-E'liiitens 

SkElu'tvSEmEs.     And  then     tljey    (the    brothers)    to<jk     the  canoe-mats-thnir 
Dl-cwEli\kQ  1i:  kwukwK^tnns  taa-tl&-lEm.     ne-tsa       tK  ni;'t#a 

they  were  roUed-up-around  the    clubs-their         tbey.      There  was    (in)  ono 

snukQEtl  tE  SmBlo'  nl  tu  tlo'-oK'tsa  snnkQBtl  tB  SkBtn'tiBmu.  ft-'tlAe-wn  num 
canoe      SmidO'inthe    other      canoe  .    Bksla'taBiiusi.  And  then  they  went 

kA'n^Bt  n'm  vbuo'dbb  n&m  q^akq  &'«wE-tl      kwft'tefttBm        U*  SkiUa'UBmBs 
back.  Not    much    go    far     when  he-lookS'Significantly-  at  SkBln'tsEmBs 

tK        f'yEQs,  e'-tlAs-wii  Qlal&'Iists  e'-tlils-wu  kwB'nEts 

the  elder-brother-bis.    And-thon  he-made-signs-with-his-eyes.  Aud-then  they  took 
te  kwflkwEstKns  I  'f  Ifis-wE-tl  th"is-ul    Hi  'Ieiis  wKnon  wii  kwarnkwoiu  tau-tlA'-li'm 
the  rlubs-their     and  then  they  both  fought   much  was     strength      (of)  iheni 

cwKlaga      tau-tla'-lEm,  o'-tlAs-wa         Qe  mok*  wetQ  nE'tsa     al  tR 

qaick-leapers       ther.       And  then  the/  destroy    all    except   one  alone 

kw&tEs  tan-tlft-'lBm.  eMlAe-wft   md    t&k-Q.  6'tlaa-w&  WIA9 

they  spare  him    they.    Then  they  come  home  (the  brothen).  And  then  often 

wB-kwflkwaU'sBt.  tAqn  hntaa  taa.  «'UAs.wft 

th^'train-as-medicine-men.  A  few  timea  this  (incident)  is  repeated.  And  then  once 
katata.«a6  tB  Kaue'tcin.  neu-tl'-tEluQES  tan-tlft'  lBm  k's  ao'Bs  tlfts  SmElo'  o 
again  came  the  Kaue'tcin,     They  knew        they       were-not        SmElo'  and 

SkElu'tsEmEs  ylfii    tluk  tB  nenem.  ^''-tlas-wii  mO  tii'tcEltaa-tlft'lEm 

SkElu'tsBm£8  those  doing  the  dancing  (on  the  roof).  And  then  came  back  those 

Kaue'tcin.  tlo  tl'  kEla't  tE  ne'nEm  tau-tlu'-lBm  sayrEl.  u'tlas-wa  kwEnkwK  nEtEra  • 
Kane'tcin.  Then  again  the  dancing    those     motben.  And  then       they  took 

ktta't  tB  SmdO'  « tB  6k]da'taBmEs.«'-tlAs-wftkwBnkwBnBtBmtB  knltBtEns  ska 
again     Smidd'  and  SkBla'tssmBi.  And  then  they  took  (alao)  the  oanoe-mata  with 
tB  kwftkwBstsn.  t]as-l8'*wA-nlim  kwB'n-kwBn  tan*t]&MBm  SmBlo'  £  Skidn'tsEmBB 
the     dnba.     And  tb^  went    captives       those      Smslo'  and  SkEla'tssmBs. 

tlA8-W&         tE9     tE     la'lEma  tau-tla'-lEni  KauC'tcin.  t  '-tlils-wU     nOQBEm  tB 

Then  they  got  to  the  homes-of      those       Kaue'tcin.  And  then     they  put 
SmElO'   nl   tE  kwa'kwa         tlauq-ta'stEoa        tK    SkElu'tsEmEs         e -tlAs-wii 
SoleIO'  in    a  box,      they  did  the  same  to        SkElu'tiiEmEs.        And  then 
sBoe'As  kwa-hl'3.'»  Num  tsa        kBq   swe'yi    e-ta'mEtEm  : 

they  were  boated-np  a-loDg-time.  There  went  by  many  days  tbey  call-out  : 
tSnudoM*    'K&'nl'  «8kBln't8BmEs  1'    'NA'nl'  tlA  tl' 

•SmBlAT  <  Yea  I '  (be  replies).  *8kBln'tsBmBBl*  Test  (he  replies).  Then 
kida't     tft'mBtsm :      '  SmElo' ! '     '  N&'u  ! ' 

•gain  tbey  call  oat:    'SmsloM'    *YeBr  (he  answers  in  a  strong  voioe). 

*SkElu'tsEmEs ! '     'Nii'ul'  Niim      0-kKq     swC'yil.  KEla't 

•SkElu'tsEmEsI'    'Veal'  (ha  feebly  replies).  Go-by  loany       days.  Again 
tii'mEtEm :    '  SmElo'  ! '   '  Nfi'u  ! '  •  SkElu  tsKTUKs  !  • 

theycallottt:  'SmElo' I'  '  Yes  I  (he  replies  in  a  strojig  \oice).  •  SkElu'tsKniK^  ! ' 
•NA'n!*  skwa'laent*  tau-tla' lEm      Kaue'tcin      k's  nis  wK-tl 

•Yes  ! '  (be  feebly  replies).   They  think      tbeui       the  Kaofi'teln  l^t  they  are 

ktekd&'msBt.  «'<tlAB-wft  kwBis  tsSli'm  6  k'a  kpusst 
growing  vexy  weak.  And  then  spoke  the  chief:  'Good  it  is  to  come  together 
tB  mok*  KauA'tcin  ne'a  tE  nB'tsa  lil'lEm '  e'-tUs-wft  mA'-kup  mok' 
the  all  KanA'tcin  there  (in)  one  house.'  And  then  come-together  all 
to  Kaue'tcin  mok-  kwEnii'lsEni  tau-tla'lEra.  e'-tlas-wii  mo  Heqtsm 
ihe  Kaue'tcin  all  bearing-arms  they  And  then  came  togetnp 
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tau-tlA-lEiw.    SmElr.'       ^     RkKln'tsnmEs    tau-tla-lKni.    f-'Uas-wii  haiyu'st^ 

they  Smivlo'  and  Skr.lu'UKniKs  they.  And  tbea  they  deooratod 
tau-tl&'-lEm.    sties    taa-tl&'-lEiu    Kauc'tdn      k's       kwaig'lies  tm-H&MSBL 

Hifm    Tl^fdMiie    they    the  Kavfi'toin  that  tbqr  abonld  daaee  they. 
6'tUe-«ft  aMmBilo'Qe    ts  aeii'veDB  tea-tlft'-lxm.  ttts-wi    tHStiaiB  todo*. 
And  then  oomineBoed    the  wmg^thein      thqr.        Then  he  stood  np  Saido'. 

TO-hlS  k'a-flkwft'is   k's-sHe'liHit   tE   SkKla't«EmE8.  (-'tlfis-wtl  kwaie'liHs 

Fev<«*little-while  he  wns*unable  to  etond  (wns)  BkBlu'tsKmKs.  And  then  danced 
tESmKltV.    to-hl'8     kVkwair'linp.        .''vK-tl  gHt'liHs-na'mits  tE 

SmKlo'.      Awhile    he     danced.    And  after  that    he-stcKxl-up-by-himself  (did) 
HkKhi'tsKmite.  e'-flas-wii    kwaitVliHS     kwEni'itil.         wii-t-tsa-al       k's-me*  yK 
skKhi'tsKmEs.  And  then  dancsed  they  both-togethcr.  And  then  oeme  gadnally  the 
kwanikwomsEt     tau-tla'-lEm.     tlfi»-w&     kwHle     ts    tf&'rae    tK  Knnfi^tqin: 
etrcngth-of  them.         Then     spake    the  diief-of  the  Saoft'toln: 

•QKlalft'oitacal  *  Tla'tlnksBm  tan-tlftlBm 

•liatai  to  what  thflyase  saying  1'     Beatiag^tame-with-thefar-hands  (weie)thiqr 
KaoS'toia.  Tlfts-wu    QElalfi'ms  tau-tl&'>lEm.  tlAs-wii    tslfikwBs     tE  sea'wen 
OeKao^'toia.  Then  thcy-li»ten-to       them.    Then  they  understood  the  Bong 
tin  SmElO'.  Huta'  kwKnnri'  tf:  skwal'kwEls  tE  seu'wens  tau-tlft'lEm :  'wiiqausiVyEu 
of  SniKlA'.  It  said     these  words     the  .songs-of       them:        •  A- new- net 

kwEna  s'kwa  tlnsiilt    i -\vii-kwEnalAkEn-isEn-ti»a '  0-lla*-wu    su'DEmps    tE  Bia'm 
barrier  if-spread-uver       get  over-it    I     wilL'  And  then    hO'OKden  the  ehllf 
e-k  d-ami^        kwa'tlatsm  k%  sweltBn.  tUks-«&    m»    qtistBai  tB  aweltsn 
that  dmy  ibonld-cooie    toipraad      a  net    Then  they  cone  heating  a  nec 
T6^'e  ikwaift'UBt    tan-tUkMBin.    d'-ys-tte  giali^la 
Awbile    theydaaoe-on    they.     AndpffesenUy     he  makes  signs  with  his  eye  to 

t«c6'yEtls.         tVtlaswa  g'tlBmps  tauMla'-lEm  Qona'm  tE  tci'tcitl 
the  elder  hlotfaer*hi8.  And  then  jumped      they        up  to  the  top  (of  the  house) 
tlas-wii  Q<>'ak'Q  tau-tla'.lKm.     tlfts-wu  QoniianEn  tau-tlA'-lEm 

then    they-were-cnu^rht-iu.the-meshes-of-the-net  tlay.  Then    run-round  they 

Kau»';'tcin  nam  te  tci'tcitl  c'tlas-wii  tlu'lsEtEm  tl*  SkElu'isKuiKs  tL  eyc-'agoks 
the  Kauc'tcin  to-get.to  the  top.  And  then  mMont       SUla'tsBBaBs  the  medi. 

c'.tiiis-wii  kwa'sit  haitB  BmxU/an'Bta  tl6'ts*tsn  sti'a  tsa  cftm's-kai  tK 
And  then  ha  esoiped*  but  did  BvaHOf  no    cutting    therofoie  soon  kilicd  waa 

8mBl4'. 

*  This  term  tta  u^od  hoif  and  elsewhere  in  the  story  seems  to  Jmvc  rho  force  of 
a  substantive  verb.  It  is  also  found  in  conjunction  with  temporal  adverbs  It  is 
nut  improbable  that  it  is  the  same  with  <«•,  the  t^ign  of  the  future.  It  is  seen  also 
to  the  fbllowtog  phrases :  niim-fsa  =  he  is  going ;  au'a-<*a ^-  it  is  not. 

«  nP'a  appears  twice  in  the  story.  It  is  a  relative  or  selective  adverb  of  location, 
and  a(^)ears  to  be  a  modified  form  of  the  common  locative  ne,  the  addition  of  a 
making  it  relate  to  some  pun  icular  plaoe  or  incident. 

'  nJ'laiia  or  Qvi'laQa  is  the  distributive  fonn  f»f  mliin  or  ouQa,  'to  perform 
wonders  It  also  forms  the  name  of  the  great  transtoriaor  of  the  HalkOme'lEm 
tribes,  who  is  called  ^ao&'k,  or  dmply  ij>Stf.  His  name  is  therefore  significant  of 
his  clmracter,  and  means  'the  wonder- workini:  one' 

*  In  this  expression  tuu'kQuU  does  not  signify  a '  boat,'  its  common  meaning, 
but  *  to  Aght.'  It  is  commonly  used  with  this  sense  in  Kwa'ntlBn.  As  the  tribes  of 
the  island  had  to  coiue  in  their  canoes  fu  wage  war  Ujx>n  the  river  tribes,  tlieooming 
of  canoes  generally  meant  fighting  ;  henc«  the  sense  given  to  this  term. 

*  lWts6  is  au  adferb  of  location  in  a  particular  sense.     It  is  a^ed  only  to 
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indicate  the  position  of  aa  object  situated  in  tax  open,  cle^  grouvJ.  An  animal  out 
on  an  open  stretch  of  land  wonld  be  said  to  he  Uotat^  *  some  way  off/  also. 

•  Kwa'kwistEns  is  an  intercslinj,'  compound.  It  is  conip<<so(!  of  the  verbal 
stem  kw&k<^  '  to  strike,'  the  sjrnthetic  tonu  for  bead,  which  ia  taken  from  the 
independent  fbim  aftaiyx«,  the  instrmnental  vaS&x  •tK»,  and  the  possensivc  sign  «  of 
the  third  person.  It  consequently  signifies  '  an  instrument  for  breaking  heads.'  A 
weapon  or  club  for  striking  the  body  geneFBlly  is  termed  kmd'IaeottMmt  *a  striking 
instrument.' 

^  fsfenmrnM  means  literally  '  to  foot  it.'  It  is  not  exactly  dancing,  bnt  tathev 
rapid  movements  from  place  to  place.  'I  he  rapid  nmtions  of  the  mothers  on  the  roof 
misled  the  Kauc'tcin  in  thinking  them  t<>  be  iSmSiu'  and  bkEla'tscmEs.  It  waa  not 
till  they  bad  repeatedly  carried  off  the  latter  as  slaves  that  they  learned  the  mistake. 

*  thi  tld  nxtm  - '  thf  other,'  i.*,  literally  '  the  a^in  one.' 

'  The  redupUcatiou  of  this  term  marks  the  njteiition  of  the  action,  In  titc  Klorv 
as  Qsnally  told  by  the  Indians  the  coming  of  the  Kanfi'tcin  and  the  taUng  of  the  two 

brothers  :i»  supposed  slaves  o<*curred  several  times.  In  the  version  hffo  given  this 
part  is  left  out  to  save  a  tiresome  rej^wtition  of  the  same  phraiteoloj^. 

The  coni|  ;tri8on  of  thia  toiupound  ilf»ra-/fi'#  with  t6-hl't  is  interesting.  Tlia 
Amw  have  is  the  indetiuite  article  which  fignres  .so  largely  in  Salish  syntax.  Ita 
presence  here  gives  tlie  sense  of  indt  finitenes*  to  tlie  time  which  elapsed,  ^\■ht'n  hVi 
is  compoundetl  with  to  the  opposite  seutie  is  conveyed.  Tiiis  tO  is  seen  to  enter  into  all 
sorts  of  eomponnds.  tt  is  the  prellz  in  t94.la,  be.  Mm,  of  whioh  the  plnval  form  itt 
t^Tv■x\^''\y.m  plays  so  conspicuous  a  r61o  in  Kwa'ntlKn  narrative.  The  same  elcoieot 
is  seen  in  thy  interrogative  tO<wet  I '  whose  I '  and  in  many  other  compounds. 

Fbeb  Translation  op  above  Stobiei, 

mtory  €f  the  Magic  Water  and  Stximon, 

Once  upon  a  time  a  young  man  went  out  fishing.    In  a  little  while  he 
secured  a  tish.    As  he  was  dipping  his  hajj  not  to  try  his  luck  again,  ho 
lioanl  a  .'^trango  whi.stling  kind  of  noiso.         paused  to  ii.sten.  Presently 
ho  dipped  his  net  again.    As  he  did  so  he  heard  the  same  strange  noise. 
Again  he  listaned  Mid  tried  to  dStoover  what  it  was,  but  at  first  could  not» 
When  be  Uetened  the  sound  ceased,  but  began  again  as  soon  as  he  dipped 
his  net.    After  a  while  he  dis  <  > vored  that  the  noile  proceeded  from  the  lish 
he  had  taken.  He  then  knew  that  it  was  no  common  fi.sh.    He  st»)pped  liis 
work  at  once,  folded  up  his  net,  and  went  home.    When  he  reached  homo  iie 
told  his  parents  that  he  was  going  away  for  a  time,  but  would  come  back 
again  soon.   His  intention  -was  to  go  awar  and  train  himself  for  a  medicine- 
man.   He  took  a  little  food  with  him  and  then  set  out.   All  the  time  that 
lie  was  absent  his  parents  k^pt  his  bed  ready  for  him.    After  he  had  been 
away  for  four  months  he  prepared  to  retuni  home.    While  on  tbe  way  he 
bound  his  stomach  with  cedar-bands  to  stay  his  hunger  and  support  his 
frame,  which  was  much  attenuated  by  his  long  fast.    It  was  night  when 
he  reached  home.    His  mother,  who  was  awake,  heatxl  hiiu  enter  and 
awoke  her  husband.   They  called  out  to  him  and  asked  if  it  was  h«»  He 
replied  in  the  affirmative^  and  they  at  once  got  up  and  assisted  him  to  his 
bed.    When  he  had  recovered  his  strengtli  a  large  number  of  people  came 
together  to  see  him.    When  they  had  all  assembled  the  elders  said  to  tlie 
different  you! iLT  nu  n  prosent,  'Let  us  see  you  perform  your  mairic  feats.' 
The  young  men  responded  by  getting  up  and  i^oing  through  their  trick?. 
When  they  had  finished  the  youth  who  had  caught  the  strange  iish  saif), 
*  Let  the  fire  be  made  up.'   The  elders  also  added,  '  Make  up  tbe  fire ;  we 
•re  going  to  see  him  perform  some  great  wonder.'    The  youth  then  came 
forward  and  asked  the  others  to  fetch  a  larj?e  kettle.    They  wont  for  the 
utensil  anei  presently  returned  with  it  and  placed  it  near  the  fire.  The 
youth  then  began  his  dancOi   He  daoaed  from  end  to  end  of  the  big  kettle. 
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After  a  little  time  water  was  Been  to  be  rising  in  the  kottlo.  He  eon* 
tinued  to  dance  and  presently  a  salmon  appeared  swimming  in  the  water. 
A  little  lator  a  second  fish  was  seen  swimming  with  the  tirst.  When  this 
had  continued  for  a  little  while  be  stopped  his  dancing  and  both  fishes  and 
water  instantly  disappeared. 

Note. — We  have  here  in  this  story  the  mythical  aooonnt  of  the  origin 
of  the  salmon  ni'lia  or  crest 

Tke  St9rjf  ^SmuW  and  SkMUvmwt, 

There  were  once  two  women  who  were  widows.  They  had  lost  their 
common  husband  in  war.  They  each  had  a  son  about  the  same  age. 
The  elder  was  called  SmKlo'  and  the  younger  Skslu'tsBmBs.  The  mothers 
trained  them  very  carefully  while  they  were  young.  When  they  reached 
adolescence  they  underwent  their  kwakwaii'sEf,  or  training  for  modicine- 
men.  They  practised  iheujsolves  in  all  Ixxiily  exercises  and  l)ecame  both 
nimble  of  feet  and  strong  of  limb.  In  u  little  time  their  wonder- working 
powers  came  to  themi  ami  they  could  perform  wonderful  feats.  One  day 
they  were  off  the  shore  in  thdr  canoe  to  hunt  for  sea-urchins.  While 
they  were  thus  engaged  a  war-party  of  Kaue'tdn  drew  near.  They  had 
heard  of  the  powers  of  the  two  young  shamans  and  liad  come  to  capture 
them.  The  mothers  of  the  young  men  perceived  the  Kaur'tciii  approaching 
and  sought  to  deceive  them  into  thinking  they  were  themseh  es  the  twu 
young  men.  They  climbed  to  the  roof  of  their  dwelling  and  began  running 
hither  and  thither  in  a  rapid  and  bewildering  fashion,,  and  uius  led  the 
KanS'tcin  to  believe  them  to  be  the  youni,'  sliamans.  Seeing  them  thus 
prepared  for  them  they  would  not  land,  but  contented  themselves  with 
seizing  SniKlO'  and  Skfilu'tsEmEs,  whom  they  took  to  be  slaves  of  the 
shamans,  and  placed  them  in  separate  canoes.  When  they  were  being 
seized  each  took  up  from  the  bottom  of  the  canoe  his  canoe-mat|  which  was 
rolled  up  and  contained  his  war  dub.  The  KauS'tein  now  made  for  home 
again.  They  had  not  gone  far,  however,  when  SkElu'tsEmEs  looked  into 
his  elder  brother's  eyes  in  a  sifjjnificant  manner  and  signed  to  him  to  be 
ready.  Each  then  suddenly  seized  his  club  and,  leaping  with  nimble  feet 
from  one  canoe  to  another,  clubbed  every  one  of  the  Kaue'tcin  to  death 
except  one  man.  Him  they  spared.  They  then  returned  to  shore  and  went 
through  a  farther  training.  The  KauS'tdn  came  and  did  the  same  thing 
sever^  times  and  were  on  each  occasion  overcome  by  the  ta-o  shaotans  in 
the  same  manner.  At  last  they  discovered  that  the  supposed  slaves  were 
really  SniElo'  and  SlcBlu'tsEniEs.  The  next  time  they  came  they  seized 
them  as  before,  but  took  the  precaution  on  this  occjision  to  deprive  them 
of  their  rolled  mats  containing  their  clubs.  This  placed  the  youths  in  the 
power  of  the  Kau^tcin,  who  took  them  home.  But  so  fearful  were  they 
of  their  escaping  and  doing  them  harm  that  they  shut  them  up  in  boxes 
and  kept  them  fasting  for  several  days.  When  they  thought  them  subdued 
they  called  out  to  them  by  their  names.  Both  responded  in  strong  voices. 
The  Kaue  tcin  therefore  left  them  to  fast  still  longer.  When  a  further 
period  had  gone  by  they  called  out  to  them  again.  SniElO'  still  answered  in 
a  strong  voice  ;  but  Skslu'tsBmEs,  percdving  their  obJe<'t,  answered  more 
leeUy.  They  therefore  thought  they  were  growing  weak.  The  chief  of 
the  Kaud'tcin  then  bade  his  people  assemble  together  in  one  house.  The 
boxes  containing  SmElo'  and  SkElu'tsEmEs  were  also  brought  in  and  opened 
and  they  were  allowed  to  get  out.  The  Kaue' tcin  then  decorated  them  and 
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caUed  upon  them  to  dance.  SideIo'  complied  and  began  his  dance*80Dg  at 

once.  SkKlu'tsRinEs,  still  feigning  to  be  weak  and  unable  to  stand,  waited 
awhile.  When  a  little  time  had  passed  he  got  up  by  himself  and  joinecl 
his  brother  in  the  dance.  As  they  danced  their  strength  ranie  ^,'radually 
back  to  them.  They  danced  so  well  that  all  the  Kaue'tcin  applauded  them 
and  beat  time  for  them  wtth  their  bandsy  except  the  chief.  He  had  been 
listening  to  SmBlO^'s  song.  He  then  called  out  to  his  people  to  listen  to 
the  worae  of  the  aongi  They  did  so,  and  heard  the  following  words :  *  You 
may  spread  your  new  nota  as  harriers  to  keep  me  in,  but  I  will  jump  over 
them.'  The  chief  thereupon  bade  them  place  a  net  on  the  outside  of  tlie 
smoke-hole.  This  they  did.  SmiilO'  and  SkElu'tsEmKs  still  danced  on  ;  but 
presently  the  latter  made  signs  to  his  elder  brother  with  his  eyes,  and  a 
moment  later  both  made  a  j ump  through  the  roof.  They  were  both  caught 
in  the  meshes  of  the  net.  Whilo  the  KauS'tcin  were  running  out  to  climb 
on  the  roof  and  secure  them  SkKlu'tsEmEs  took  a  small  stone  knife  he 
had  kept  hidden  under  his  arm  and  cut  himself  free  and  made  his 
esrajte.  SmKlr/,  who  was  not  s()  clever  as  his  younger  brother,  was  unablo 
to  disentangle  himself  from  the  meshes  of  the  net  and  was  again  captured. 
This  time  they  put  him  to  death. 

Hine^ai  Termt  </  Conaanffuimijf  and  A^baty  in  tAe  Kwa*nUtn* 


t8"plyDk- 


father,  mEn. 

mother,  tEn  ;  when  addressed  by  her 

children  she  is  called  tcU. 
parents,  o5wft'lI,  s^y^'ls,  Bi'd,  itr  sai- 

yl'El. 

The^e  terms  are  applied  to  cither 
parent  indifferently  In  nanatloii. 

\  grandmother. 

ta&'mak*  /  g'cat-grandfatber. 

\  great-grmndmother. 

\    „      „  grandmother, 
great  -  great  •  great  •  grand- 

fatlier. 

great  -  great  -  great  -  grand* 
mother. 

»■'"''  ("aughter 

^'^^^  1  daughters  } 
si'ofla,  eldest  or  first-born  child. 
*ny<-  tsKn,  middle      „  „ 
la'sok  or  sft'Mk't,  yonngeet  or  last-bom 
child. 

r  elder  brother. 
Cfi'yBtl  or  9c'yE9  <v'    „  nister. 

L    ,.  cousin. 

/younger  brother. 
-  .  sister. 
L     n  coosin. 
clitl,  brother,  or  sister,  employed  ia 


»&'8iik- 


8uch  sentences  a.s  'Whtte  is  yoiir 
brother?  or  glister  .' 

aQSnma'itlf  oonsins  (when  parent  is 
dead). 

Miia  i,uiki.Bu  I  broiher-mdaw, 
Bwa'kus,  huabaod. 
tcanQ,  wife. 
t^tcauQ,  married  man. 
swft'wBkns,  married  woman. 
The  deri  vation  of  these  two  terms 
ob\  ious. 

wu'nim,  orphan, 
lover,  kle'tEl. 

PrincijHU  Teruu  denot  'i'ig  Ser^ 
swfi'sks,  man. 
blt'nl  or  tlcno,  woman. 
8w6'wolus,  youth. 
Bwft'wolus,  yotttbif. 
k'a'iuT.  maiden. 
swtVEkotl.  boy. 
k'Amlatl.  frirl. 
plr'tkEtl,  child, 
(k&lcfilai  infsntt 


COBPOBEAL  TkRMS. 


atm,  ta'lu. 
back,  ala'kawiiL 


bone,  h*am. 

bociiTi  aliQfi'As. 

biessts  of  Yeoman,  skn'mst 
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chest,  s'l'liis. 
ohin,  slipai'jeaJiUi. 

car,  k'wrii. 

elbow,  skwomsu'lukEO. 
eye,  k  n'lura. 
eyebrow,  sn'miin. 
eyelashes,  tli'pfKn. 
ejre,  pupil  o£,  kuU&'Ui. 

face,  s  a'f;n?. 
finger^  slu'Htub. 

iBt  finger,  metMuntn  (apoialef). 
2Dd  fingVt  sBaQl'tdBtab  (sBiildle 

one). 

little  finger,  sfL^uk  tii'ltcis  (sjouog^t 

or  smallest  finger), 
foot  (and  lower  let?),  .«q'aiia* 
foot  (alone),  snu'kQolcin. 
lomheadt  slcwoatiCl.' 

head,  skai'yus. 

bead,  crown  of,  skai'Eliik*. 

hc.1'1.  --iflt'  of,  sQf'Elcna. 
head,  back  of,  iK'psum. 
biiir  of  head,  rajl'kED. 
hair  on  fa<  c,  kwr'nlEsSn.' 
liair  of  body,  kwr'nus. 
iiair  of  animalii,  su'i. 
bandt  tdUic. 


jaw,  tnmqai'sBB* 

knee,  sk'p^'lsitEa. 

leg  (lower),  sk  uHu'mdll. 

lip  (upfM^r),  ^lu'isKn. 
lip  (lower),  EaJtin. 


mouth,  su'sin. 

milk  of  the  breaat,  sku' 

nail  (finger),  k'O'Uoii. 
neck,  tpsum. 
no;ie,  mu'ksED  * 

^kin,  kwF.'M  fhnniin). 
skin,  kwK'lu  (aiiimaJ).* 
shonldier,  kwo'ktBO. 
stomaoli,  k*wB'la. 


thigh,  spite'lip. 
throat,  o'ltliti  or  o'l<;itl. 
thumb,  mOkwamu'ltcifl 

finger), 
toe,  aln'kcin. 
toe-nail,  k  o'lcin, 
tongue,  to'qsotl. 
tooth,  ye'nifl. 


AamSAL&t  BlADS,  AND  FI8H. 


animal  (generic),  tEtia'lBmuQ. 
aat,  tse'metaa. 

bat,  kwokvili&'kKiL 

bear  Cblack),  spas. 

bear  (grizzly),  kui  i'tssLn. 

bear  (brown),  kwc'iteBn. 

beaver,  skpilan'. 

bee  (bomble),  kwo'ma. 

bee  (amall  wild),  sBdm'oljna. 

bird  (generic),  mauQ  or  mCiQ. 

batterfij  (generic),  ameme'jretl. 

crane,  smoHcwa. 

chipmunk.  q'pa'tsKn  (name  hua  refer- 
ence to  stripe  on  the  back). 

deer,    smeis  or  llilktsnas  ('long 

ears'), 
dogt  8kwonia!\ 
duck  (mallard),  tK'ofiksam. 

eagle,  yo'kQila. 


(sstampj 


elk,  kai'jdtn 

fish,  tflft'qjUd. 

Ilec,  lata'tlKm. 
frog,  Qd'kaa, 

gooflc  (black),  §'qa. 

hawk  (lish).  tsc'Qtsauq. 
hawk  (obidcen),  BmnhO'jnels. 
hors«e,  .st'Tcaia. 
hoosetiy,  Qakwaijl'ya. 

jay,  tQl'rite. 

kingfisher,  sKtci'la. 

lizard,  pr'tvKn. 
louse,  mitiisLn. 

mo.'^quito,  kwai'an* 
mouse,  kw&'tEn. 


'  A  man  with  a  promineut  bulging  forehead  was  cabled  s'kwo'mtlia. 

'  ^ere  are  no  terms  in  ttds  dialect  oorresponding  to  *  beard,*  *whiricers,* 

•  mustache.' 

'  According  to  my  iDformaata  the  Kwa'atlKu  do  not  poesess  terms  for  *  bridge  of 
hose,'  •  septum,'  &c. 

*  The  Kwa'ntlKn  do  not  differentiate  between  fha  akin  of  themselTes  and  that  of 
animaU  as  do  the  Sk'qO'mio* 
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moatttain-inNit,  p'lkBUcco. 
moantaiii-lioii,  ooagar,  M|5'ivm. 

otter,  ska'tla. 
owl,  tcfnnB. 

imbbit,  sknlcBiiwes. 

raccoon,  mu'lis. 
rat,  liaut. 
robin,  s'ko'kat. 

almon  ('spring') :  swu'k-an],  earlier 
and  smaller  kind;  sBlsbA'tl,  later 
and  laiig^  ones. 

salmon  (*  sock-eye  ').  saltftL 

aUnon  ('  stael-head  %  k6'flq. 


salmon  ('  cohoe*),  koltwvs. 

salmon  ('(log'),  kwi'lik* 
skunk,  spK[>atsi'a. 
»nake,  e'tlkai. 
snipo,  9kals. 

spider  (generic),  kssks'sln. 
swan,  oQO'akKn. 

toad,  pi 'pom. 

wea5el,  sElslFm. 
wild-cat,  skfit&v'u'niifl. 
wolf,  stitai'jrs. 

wiKidpeokor  (large  red-headed),  tsmi* 

tlsK'psnm. 
woodpecker  (medium-Mzed),  tse'kut. 
woodpecker  (small),  tsA'tmn. 
wren,  t&'mla. 


TABLE  OF  GENEKAL  TERMS. 


above,  tci'tcitl. 

afternoon,  hai  tE  tak  swe'U  =  (done  or 

gone  the  nooo). 
all,  niok*. 

anybody,  we't-al. 
arrow,  skwnla's. 
ashes,  cie'ltKn. 

aotaom,  imm  hei&'noQs(iime  of  no 
growth). 

bad,  k£l. 
bailer,  tle'lisn. 

bnrk,  ps'llyua, 

beach,  tsn'tsr,. 

beat  (to),  s  kokwa  is. 

beaatlfol  (farmanui),  d6'mnt. 

l>«natiful  r jnthker),  j&'mk. 

bed,  cwa'iius. 

below,  tlitlEp. 

berries,  taTsim. 

big,  si  or  tsl. 

bitter,  sAquni. 

black,  ske  'Kc|. 

btenkst  (native),  swolcwatL 

( ma  11  k  i  nd  ),8tAmoki8atl  (large  kind), 
blanke'  (imported),  psk  kolO' wit. 
blae,  L»*!itsaQ(jra. 
bow.  tA'qftate. 
box,  kf>a'ka. 
boy.  swt  'Ektl. 
branch,  tsi-Htatcis. 
bright,  ste'wil. 
broad,  tlTcet. 

brook,  St  it'  f !  o  =  little  river. 

bud,  pe'ksum. 

bog,  niftk*tim  »  (mossy). 

camp,  ku'lum. 

Aooe  smakwiti  or  smuQitl. 
«bief,  gii'm. 
cb)ld,sl«'tk«]. 

cinders,  pe'tant.  . 
ciiff,tcl'tli8. 


cloud,  s'wu'.sitsn. 
cold,  haitl. 
crooked,  Kpai'pl. 

damp,  sil'stinm, 
dark,  .set. 

day,  swc'yil  or  swO'iU 
daybreak,  ta'wil. 

dead.  k  ai. 
death,  sk  ui. 

doctor  =  (healer),  tlitluwinok. 
door,  sta'ktm  -(oottain). 
down  (of  birds),  stlpB'lksn. 
dry,  tflc'uq. 

earth,  tEmii'H. 

coi^t,  racnt. 
eddy,  kai'akam. 
evening,  Qunii'ut. 

far,  tsuQ. 
fat  (man),  nil. 
fat  (animal),  dos. 
feather,  cklts. 
few,  Kiiwi'n. 
fight  (to),  skwc'ltjcn. 
lire,  hk'yfik. 
fire-place,  cw6kAiL 
firewood,  sla'tl, 
tianie,  k\vii'ta(^om. 
liat,  luka'DK|). 
flesh,  Bl6'ok. 
flower,  sp*E'kam. 
foam,  spii'k  r»in, 
fog.  skE'tyhum. 
foggy,  ska'tyhnm. 
foil  moon,  sk'nke'lts. 

garden,  kwii^t  (borrowed  from 

K§tsi  tribe), 
ghost,  spKlkwd'tSL 
girl,  k'amla'tl. 
good,  e. 


Uie 
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pood-bve,  Haia  WKtl. 

hail,  sk  wi  1  k  wa10U  «  (pelleU). 

linppy,  lir'hik. 
hard,  k  Iuh. 
here,  kwE-nl. 
hill,  sku'kwKp. 
hollow,  cwii'tkwawon. 
home  *  tiik  Q,  gisn'mct. 
horo,  tse'dtKa. 
hot,  koft'koas. 
honae,  home,  l&'lKtn. 

ice,  ^plu'. 
ill,  s  il. 

InMinn.  Qo'l'inAg, 
infant,  .skA'kKla. 
i:ilau(i,  U  biu). 

kick  (to).  !<lemae'l«. 
kirul.  Qf'giitl. 
kaife,  tlc'tjitbo. 

lake,  nii't.sa. 
lanipliprht,  liiiyiikwfin. 
large,  si  or  Ul. 
laagb,  snft'Km. 
leaf,  ts&'tla. 
lean,  skwomO'H, 
life,  cgK'll. 
light,  stfi'wit. 

ligbtDing,  s(iu'nok-t  =  (flashing  of  the 

eyes  of  the  t  hander*bir<l). 
little,  aroe'inBu. 
loQff,  tia'knt. 
loQO,  skS'lekap. 

oiaiden,  k'a'mi. 
man,  swC'idca. 

man  (old),  oii'lakwa  (tK  swc'Eka), 

man  (mnrriod),  stciiuQ. 
many,  nmcb,  kiuj  i»r  kiiq, 
meat,  sroO'is  or  smes. 
mooD,  tllcBlta. 

niorninfr.  iiKtitl. 
iuountain,  fimti'mit. 
mad,  su'kEl. 

narrow,  tio'tq. 
near,  st'tKs. 
needle,  pc'tsti:n. 
night,  snet. 

no,  au'a. 

nobody,  ani'ta-wet. 
none,  aui'tu. 
noon,  tak>sw£'il. 
north,  tr'wot. 
now,  tKDU'. 


paddle,  ak'u'mKl. 

people,  elQ'lt;muQ. 
persoQ,  misteug. 

qoick,  Qom  (intensive  form  Q'OKia). 

quiet,  si'hatl. 
quiver,  tsilq^UtLn. 

rain,  tlumiMI, 
rfd.  skwun. 

river,  6lu'lu  =  ((lowing  water), 
rock,  sm&nt. 
rotten,  t^tatsa'kwom. 

rough,  FlenM 
round,  bc'lt^uni. 

sad,  strl,  or  ftKC'l, 
jv'iw,  cll'tl^uset^, 

8ci^so^8,  sa'utkelts  -  (to  chi|j). 
sea,  kwa'tlkwa. 
aeer,  n-u'a  or  hen'wa. 
shaman,  K}Knii'm  or  cvEna'l 
shorty  Uutnl'tl. 
■ick,  k4'kai. 
sit  (to),  a&'mat. 
fiky,  swril  or  swaijil. 
slow,  ai'yum. 
small,  amd'mEn. 
•mile,  iQnfi'yamus. 
smoke,  fpo'ilKin. 
snow  (to),  yv'juk ;  snow, 

tiye'yiik,  it  it  snowine. 
fOft(,t?the  tonch\  nr'akwon. 

„   (easy  to  break), k^'aka. 
soot,  kwalsEp.* 
south,  yiH. 
sour,  tft'tsuni. 
ppirit,  wnl,  ."ruiftr'fig. 
Kpring,  tKm  k  we 'lis  =■  (ancovcriog 

time). 
»tar,  kOak'sEn. 
stand  (to^,  sqf'ilU. 
i<tone,  siuiint. 

htreau),  sta'tlO  s  little  river, 
straight,  sak*. 

stren^rtli,  Kyu'in. 
Rtrikc  (to),  hkwa'kwot. 
strong,  kwo'rakwam. 
summer,  tBm  kw&'lakwCB  (sao 

sunset,  tsoii 
sun.  mTi  kwuiu. 
swamp,  tse'tsakel. 
sweet,  kft'tom. 

that,  iK-nb  I'm. 
the,  ti:  (majic.),  SE  (fern.) 
these,  tB«n&. 

there,  nl  or  n^,  kwE-nft'. 
thick,  p'tlet. 


'  The  distinction  in  meaning  between  these  two  terms  is  interesting.  fJio  •* 
always  employed  by  speaker  when  referring  to  his  ))ome  when  be  is  at>xcnt  fn^ni  it; 
Qi-;a'onet  when  he  arrives  there.  See  use  of  tiie^c  terms  in  story  in  KwunUJOi 
text 
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thin,  skwoirnVH, 

tills,  tE-na,  t!. 

those,  iK-nl,  t  su-ll. 

(hfuider,  fQc/kqM. 

tobacco,  f|.<»'tlKin. 

to-day,  t  K  n'l  wav'yil  =  (thisUajr). 

to-morrow,  wai'jili^. 

torebliprht,  akwe'ooeD. 

tree,  skTi'if. 

twiligbt,  set'til. 

ugly,  kBle'iniit  (gaicl  of  penow). 

kKlkKlmut  (saidot  ABimalii). 
unldnd.  ukEla'QEil. 

village,  eaeot. 

warrior,  Q'sikukO'letl. 
wash  (to),  isdq. 
water,  k^ 
weak,  keic'BlMn. 


weasel,  kkIsIe'ib* 

west,  vacat, 
wet,  tlok  . 

which?  kwanE'tm' 

rrrhatiwittk  OOe. 
wliite,  pRk. 
who  I  wet .' 
whose  f  towet? 
wind,  s'pKbc'ls. 
window,  skwatcu'stKn. 
winter,  tKni  Haiti  -  (cold  season)* 
witch,  tewA'n  •eflwA'n. 
wood,  st&'tl. 
woman,  sl^'nl  or  tir'ni. 

n     old,cluIakwa(sK  slc'ni  or  tlc'ni). 

„    nmrrted,  swftwK  kua. 

yellow,  lE'lita, 
yeB,ra. 

yeiteidi^,  tsila'kaUith 
youth,  swe'woliiH. 


ArchaokgictU, 

Tlie  srchieology  of  ike  (Ustrict^  comprising  the  territories  uf  the 

Ha!krniir'lp:rn  tribes  of  the  mainland,  has  already  been  treated  of  in  part 
elsewhere.'  I  shall  therefore  at  this  time  content  myself  with  a  general 
summary  of  my  invest igjit inns  oxfr  tht»  wliole  tield.  These  have  been 
carried  out  at  vuriuus  ]K)ints  at  ditrcient  times  durin*^  tiio  past  ten  years, 
I^artly  at  my  own  desire  and  partly  at  the  request  of  the  lat*;  Dr.  G.  31. 
Dawson,  Director  of  the  Dom.  Geol.  Survey,  on  behalf  of  the  National 
Museum  at  Ottawa. 

The  archsological  renuuDi  found  in  the  Lower  Fraaer  district  fall  very 
natnrallj  under  two  heads — ^middens  and  burial  mounds  or  tumuli.  In 
treating  of  the  former  it  will  be  convenient  to  divide  them  into  two 
classy,  the  ancient  and  the  more  recent.  The  earlier  ones  are  characteiised 
throughout  by  their  abundant  external  and  internal  signs  of  comparative 
antiquity,  anrl  by  certain  somatological  evidence  of  the  presence  of  a  race 
here  during  the  time  of  their  formation  diti'ering  radically  in  important 
physical  traits  from  the  present  Salish  tribes. 

As  the  older  middens  do  not  differ  materially  from  each  other  wherever 
found  except  in  regard  to  their  extent  and  ma.ss,  I  shall  confine  my 
description  in  the  main  to  one  very  large  one  on  the  right  bank  of  tho 
north  arm  of  the  Fraser,  a  few  miles  up  from  its  present  mouth.  The 
evidence  of  antiqu  ity  is,  in  the  case  of  this  midden,  dear  and  unmistakable. 
Pirsty  in  the  growth  upon  it  of  an  old  foresti  the  trees  of  which  are,  .in 
omnerous  instances,  from  4  to  8  feet  in  diameter,  and  their  annular 
nngi  indicate  an  age  of  oOO  years  and  upwards.  The  roots  of  these 
trees  are  embedded  in  the  midden  mass  itself  and  have  demonstrably 
grown  there  since  the  site  wa.s  abandoned  and  given  over  to  nature  by  its 
original  occupiers.  Secondly,  in  the  cxtensiveness  and  volume  ot  the 
midden  material  which  stretches  along  an  ancient  bank  of  the  river  - 
which  is  hen-  some  L'OO  or  300  yards  back  from  tlie  present  bank — for 
Upwards  of  1,400  feet,  covering,  to  an  average  depth  of  about  5  feet  and 

'  Sre  tho  writers  note;  on  'Later  Prehistoric  Man  in  T^riti>h  Colnnibia,'  Tmi-r. 
Sor.   Cart.,  vol.  i.,  sec.  il.,  1 H9 o-MH  ;  anfl  *Thc  rr.'lii-.toric  Races  o£  British 
Columbia,  iJlirisjtujas  ^  umber  o£  the  Mining  Jiecord,  Victoria,  B.C.,  18U9. 
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to  a  mazimuin  depth  of  over  15  feet,  an  area  exceeding  4^  acree  in  extent 
It  is  compoied  of  the  decaying  remains;  of  marine  £eUs,  mostly  of  the 
clam  and  mussel  kind,  Intermingled  with  enormous  quantities  of  aakes,  i 
calcined  and  fractiirod  stones,  and  other  refuse  matter,  ami  thrcffi<:h'»at 
its  entire  mass  otibrs  unmistakable  testimony  of  extreme  age.    It  wiil  not 
be  necessary  to  recapitulate  here  the  evidence  which  I  have  set  forth  ia 
detail  in  support  of  this  in  the  publications  referred  to  before.   In  mj 
own  mind  there  can  be  no  doubt  at  all  that  this  and  the  oUier  middeiu  i 
of  ite  daM  were  formed  many  eenturies  ago  by  the  predeoemon  ef  tfe 
preeent  Salieh  bands.   In  tlie  lower  horizons  of  this  midden  srranl  ikilb 
have  been  taken  out  of  a  type  whoUy  difierent  from  any  to  be  loiod 
among  the  present  tribes  of  this  region.    They  are  manedlj  dolicbo- 
cephalic,  whereas  the  general  type  of  skull  of  the  present  Indian  is 
markedly  lu  achycephalic.    Tlie  measurement  of  two  of  these  formerly  in  }. 
my  own  possession  shows  the  cephalic  index  to  be  in  both  instances  iimler  \ 
74.    According  to  the  tables  of  physical  characteristics  of  the  Indians  d.  | 
the  North -West,*  the  minimum  cephalic  index  of  the  Delta  tribes  b  ^\  \ 
while  the  maximum  reaches  to  93- 1,  and  in  a  total  series  of  fifty-five  cases  i 
the  average  index  was  87.    It  is  plain,  then,  that  the  difierence  here  is  | 
extremely  wide.   Another  striking  feature  of  these  crania,  wbtch  tm  j 
more  stron^M>  differentiates  them  from  the  Lower  Frseer  type,  is  ik  j 
remarkable  nanowness  of  the  forehead  and  the  lofty  sweep  of  the  cr&nial  | 
vault,  both  features  contrasting  strikingly  with  the  recedipg  foreheads 
and  broad  flattened  heads  of  the  historic  Deltii  tribes.    I  may  also  add 
that  l>r.  F.  T^oas,  to  whom  I  gave  one  of  these  skulls,  concur?  with  me  in 
regarding  theso  crania  as  radically  di^rent  in  type  from  any  now  koowu 
in  this  region. 

Of  the  relics  rect»vered  from  this  midden  most  are  simple  in  mak.* 
design,  and  such  as  are,  with  few  exceptions,  found  among  primiuu^ 
peoples  elsewhere.    I  have  figured  some  typical  specimens  of  these  in  my 
'  Notes  on  Later  Prehistoric  Man  in  British  Gdnmbiai'  and  in  my  *  Pin- 
historic  Kaces  of  British  Columbia.'  No  pottery  of  any  kind  hsi  bem 
found  in  any  of  the  middens  of  either  class  ;  indeed,  the  ceramic  art  ippm 
to  have  been  wholly  unknown  to  the  aborigines  of  Britiah  Oohimbia,  both 
ancient  and  modem.  Of  stone  bowls  or  basins  a  great  number  and  varietT 
have  been  recovered.    Some  f)f  tliese  are  fashioned  after  the  likenesi  of 
animals  and  fish,  the  bear,  fmg,  and  salmon  being  the  favourite  patterns. 
Occiisionally  the  bowl  represented  a  human  head  with  the  face  on  oee 
side  of  it.    Large  numbers  of  l)arbed  and  grooved  bone  spear  and  ftrrc'*' 
points,  as  well  as  stone  adzes,  axes,  fish  and  skinning  knifes,  chisels, 
scrapers,  ike,  arc  found.    Some  of  these  are  of  the  rough  'pateoiiAic 
type,  others  are  finely  wrought  and  polished  '  neoliths.'  llie  two  an  i 
commonly  found  side  by  side.   The  material  out  of  which  these  itOBe  | 
tools  and  weapons  were  made  was  of  various  kinds.   The  fish-knivei  ven 
invariably  of  thin  slate.   The  adses,  axes,  and  chisels  were  comnooly 
formed  from  dull  green  or  grey  and  mottled  jade,  though  8peciisen< 
wrought  from  smoky  quartz  havo  been  recovered.    A  dark  grey  or  hhck 
basaltic  rock  was  also  extensively  used,  principally  for  spear  and  airov 
heads.    The  latter  were  also  made  from  slate,  and  when  so  formed 
invariably  ground  into  the  required  shape.   These  were  generally  stemmed 

'  See  Tenth  Keport  on  the  Physical  Characteristics  of  North- We«t  Tribe*  of 
Cansda,  by  Dr.  F.  Boas  (Brit.  Assoc.  Report,  1895,  p.  17). 
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but  never  barbed.  A  striking  featurr  of  some  of  thesp  slate  arrow-points 
is  tliat  the  edges  are  bevelled  from  ditierent  sides,  as  if  designed  to  give 
m  rotary  motion  to  the  projectile  ;  but  these  are  not  common  forms.  I 
kave  seen  but  one  of  this  type.  A  few  specimens  of  obsidian  have  also 
bMB  IcmumI.  Jm  form  uid  Taiiety  alniMk  evny  knofm  type  ol  amw- 
keod  wiU     IohimI  xvprewnted  hcrew 

Stone  svmds  of  aertnl  pftttenw  were  also  used  by  these  midden 
makers,  Somo  of  them  resemble  in  general  outline  the  short  double- 
edged  sword  of  the  Roniau  legionaries  ;  others  resemble,  in  cross-section, 
in  a  general  way  a  ship  s  belaying  pin.  The  ends  of  the  handles  of  all 
tlMee  iwordi  wwe  pimraod  iritb  ft  oomter^snnk  hole^  tlie  borii^  being  done 
Iroin  bolh  eidee  and  meefcing  about  tbe  middle.  Through  theee  holes  were 
dovbtless  threaded  the  lenlSem  thongs  which  bound  the  weapons  to  tiMir 
owners*  wrists.  Bone  needles  of  various  forms  and  sizes,  with  the  eye- 
hole sometimes  in  the  centre,  sometimes  at  one  end,  an*  (|uit«'  com- 
mon. A  few  specimens  of  the  pestle-hammer  have  also  been  recovered 
from  this  midden,  though  I  met  with  no  specimen  of  the  kind  in  my  own 
iftTestigations.  Theee  do  not  diflTer  in  uuf  redieal  faatore  from  the  types 
found  in  tlif  later  middena  ot  this  region.  Indeed,  I  am  free  to  confess 
that  although  I  hold  the  more  ancient  of  the  middens  to  have  been  formed 
by  an  antecedtmt  non-ISalishan  race,  the  specimens  recovered  from  them 
do  not  ditl'er  in  any  remarkable  degree  from  those  found  in  later  forma- 
tions or  from  the  utensils  and  weapous  formerly  employed  by  the  present 
Salnii  tribes  when  we  first  came  into  contact  with  th  em*  Sat  while  this 
is  true  it  must  be  borne  in  mind  that  we  have  some  types  of  utensil, 
notably  the  several  varieties  of  the  pestle-hammer,  whioh  are  peculiar  to^ 
and  probably  originated  in,  this  region  ;  and  these  may  very  well  have 
been  Ixjrrowed  by  the  Salish  from  their  dolichocephalic  predecessors.  Tf 
this  view  is  not  well  founded  then  it  would  appear  that  we  have  in  these 
aneient  middens  very  deer  evidsnoe  of  tike  antiquity  o€  the  HalkOmfl^mn 
tribes  in  their  present  habttal  Bat  this  I  seriously  doubts  The  evidence 
gathered  from  a  comparison  d  their  tribal  customs,  beliefs,  and  speech, 
especially  of  the  latter,  makes  it  iinpossiMf  to  believe  that  they  could 
have  occupied  their  present  tjuarters  as  separate  and  distinct  tribes  .since 
the  days  of  the  early  niiildens.  For  by  the  most  conservative  calculations 
the  lower  strata  of  these  old  middens,  suck  as  that  I  am  describing,  could 
not  hsrve  been  formed  less  than  a  thousand  years  ago  ;  and  from  what  we 
know  of  the  rate  of  dialeetio  change,  phonetic  decay,  and  the  evolution  of 
new  forms  in  human  speech,  and  particularly  in  barbarous  and  unlettered 
tongues,  less  than  one  half  of  that  yieriod  would  have  brought  about  such 
dialectical  difierences  in  the  language  of  the  outlying  and  distant  trilies 
as  would  long  ere  this  have  made  them  mutually  unintelligible.  Yet 
such  is  not  the  case.  The  HalkOmSlsm  tribes  from  Yale  to  toe  Fnser^s 
mouths  and  down  the  Sound  all  speak  what  is  practically  a  common. 
lihiUiiil]  This  fact  makee  it  impossibie  to  believe  tliat  these  tribes  have 
occupiwl  the  delta  for  any  ver\'  conmdenvble  pericKl,  and  yet  everywhere 
throu'^hout  t  he  whole  area  these  ancient  middens,  many  oi  them  acres  in 
extent,  abound. 

Aiycining  the  HalkflmSlMi  tribes  of  t&e  Delta  and  Sound  Bin  otheF 
flhlish  tnbes»sudiasthe  Sk*qO'miCrSunatl,  StUithnnB^  and  NtUka'pamuQ^ 
whose  dialects  in  some  instances  differ  among  themselves  as  much  as 

Spanish  does  from  Italian  or  Portuguese.  On  Vancouver  Tslarul  it  is  the 
same.   There  we  iind  a  branch  o£  the  Halkame'iian  division  whose  speech 
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is  quite  intelligible  to  their  kindred  of  the  mainland,  while  that  of  the 
contiguous  tribes  is  strange  and  practically  unintelligible  to  them.  The 
tribes  of  the  Ix)wer  Fraser  border  upon  the  Sk  qo'niic  settlements,  whilst 
over  a  hundred  miles  divide  them  from  the  upper  bands  of  the  Fraser ; 
yet  the  ipeedi  of  both  upper  and  lower  is  practically  alike,  while  tliat  of 
the  neighbonrinff  Sk^id'niic  (a  non-HalkOm^'isni  divisiott)  is  ao  different 
as  to  be  unintelligible.  There  can  be  but  one  explanation  of  thie.  The 
Halkouie'lEni  were  formerly  less  scattered,  and  lived  in  closer  contact 
with  each  other  ;  in  other  words,  occujiied  a  more  conijmct  territory  than 
their  present  one.  It  is  a  significant  fact,  too,  T  think,  that  in  no  case  do 
we  find  their  genealogical  records  extending  beyond  nine  or  ten  genera- 
tions at  most.  In  regard  to  this  I  cannot  forbear  thinking  that  if  the 
names  of  nine  or  ten  lineal  chiefii  can  be  banded  down  orally  from  &ther 
to  son,  then  the  names  of  twice  or  thrice  that  number  might  have  come 
down  in  the  same  way.  It  is  so  among  tlie  cUfTerent  Polynesian  tribes. 
Their  j^cnoalD^ical  list  extends  back  for  twenty  or  thirty  generations,  in 
some  instances  even  further,  and  the  record  with  them  as  with  the  Haiko- 
m^'lBm  is  wholly  oral  This  nnifcmn  Umitaition  of  their  genealogical 
records  to  nine  or  ten  generations  among  the  HalkOmeliM  tribes  I  regard 
as  significant :  to  my  mind  it  indioates  that  their  separation  into  dkrtjnet 
tribes,  with  chiefs  of  their  own,  and  their  settlement  in  th»Mr  present 
territories  took  ]ilace  no  longer  than  nine  or  ten  generations  ago,  and  this 
is  about  the  period  which  on  analogy  would  1)6  required  to  bring  about 
snob  diflbrenoes  as  we  now  find  in  the  speech  of  the  upper  and  lower 
tribes.  It  seems  dear,  then,  that  the  HalkOme'lsm  tribes  oonld  not  have 
formed  these  old  refuse  heaps.  Whether  these  tribes  displaced  other 
.Salish  trihes  who  preceded  them  in  these  parts  or  whether  they  succeedeil 
the  ancient  midden  makers  themselves;,  and  subdued,  absorbed,  or  exter- 
minated them,  it  is  impossible  at  this  stage,  of  our  investigations  to  say. 
There  is,  however,  one  feature  in  the  beliefs  of  the  Kwa'ntlEn  tribe  which 
■eems  to  favour  the  latter  view.  For  according  to  a  Kwa'nilBn  tradition, 
at  the  time  of  the  creation  of  their  ancestor  uie  KwIkwitlEm  tribe  was 
also  brought  into  being  to  be  the  slaves  and  servants  of  the  Kwa'ntlEn. 
That  this  tribe  was  held  in  servitude  by  the  Kwa'ntlKn,  and  despised  by 
them  and  other  tribes,  is  historically  certain.  It  is  told  also  in  the 
Kwa'ntlKn  traditions  that  one  of  their  chiefs  looking  across  one  day  from 
the  slope  on  which  the  city  of  New  Westminster  now  stands  to  the  levd 
marshy  fiats  on  the  other  side  of  the  river,  which  the  village  of  Brown- 
ville  now  occupies,  conceived  the  idea  of  turning  them  into  a  fishing  eamp^ 
and  forthwith  compelled  tlie  Kwikwitlnm  to  convey  there  in  their  canoes 
immense  quantities  of  rock  and  earth  until  the  fiats  were  raised  sutiiciently 
high  to  be  suitable  for  a  camping  ground. 

Whether  we  see  in  tlie  KwuwitlBm  a  broken  and  subdued  remnant 
of  the  predecessors  of  the  Halkom^im  tribes  I  do  not  take  upon  myself 
to  say,  though  I  regard  it  lus  by  no  means  improbable.  Bat  I  find  no 
hesitation  at  all  in  sayinLf  that  these  older  middens  were  not  the  ancient 
campin;,'  j^rounds  of  the  tribes  now  settled  in  their  vicinity.  ludeerl 
I  seriously  question  whether  the  Salish  stock  was  broken  up  into  groups 
and  tribes,  as  we  now  find  it ;  or  that  the  Salish  language  of  British 
Qolttmbia  had  been  differentiated  into  its  present  numerous  dialects  at  the 
time  of  the  formation  of  the  old  middens  of  British  Columbia.  Nay, 
I  will  go  further,  for  the  linguistic  evidence  I  have  gatliered  from  my 
studies  of  the  Salish  and  Kwakiatl-^ootkan  tongues  warrants  the  asaumpH- 


Digitized  by  Google 


ON  THE  BTHNOLOGICAL  SURVEY  OF  CANADA. 


4i5 


tioii,  and  say  that  probably  less  than  a  miHftnnmm  ago  the  aaoeston  of 

both  these  stocks  dwelt  together  as  one  people  and  spoke  a  common 
language.  Where  the  original  home  of  this  undivided  people  was,  or  what 
territ<jiy  they  occupied  before  their  advent  here,  is  a  (juestion  we  shall 
have  to  consider  later.  But  wherever  it  may  have  been  '  it  is  abundantly 
dear  that  it  was  not  the  ahorea  and  bays  of  BriUsh  Oolnmbia  or  indeed 
those  of  the  adjoining  States.  For  almost  every  division  of  these  two 
stocks  have  distinct  names  for  the  six  different  species  of  salmon  and  the 
other  varieties  of  lish  found  in  these  waters  ;  which  could  not  conceivably 
have  been  the  case  had  they  lived  together  here  bet'ote  their  sejiaration, 
as  tish,  and  above  all  salmon,  is  their  staple  food,  and  has  been  time  out 
of  mind.  And  not  only  have  thej  diSbrent  names  for  the  fish  themselves, 
but  also  widely  differing  myths  to  acooant  for  their  origin  or  rather 
presence  in  these  waters. 

The  later  or  more  recently  formed  middens  are  easily  distinguished 
from  the  older  kind.  First  by  their  general  condition,  and  secondly 
because  in  most  instances  they  are  known  to  have  been  old  camp 
sites  of  the  present  tribes.  With  very  few  exoeptions  we  find  the  shell 
remains  in  the  later  heaps  in  a  good  state  of  preservation  and  freer  from 
ashes  and  other  earthy  matter.  So  muoh  is  this  the  case  that  some  of 
the  shrewder  settlers  in  early  days  converted  some  of  these  shell  heaps 
into  lime,  for  which  commodity  they  found  a  ready  .sale.  Of  the  relies 
recovered  from  them  the  majority  are  of  stone.  In  the  old  heaps 
the  reverse  is  the  case,  lx)ne  specimens  preponderating.  The  later 
middens,  too^  are  comparatively  smaU  and  shallow,  and,  as  hr  as  my  own 
investigations  go,  not  nearly  so  rich  in  relics  as  the  older  and  more 
extensive  heaps.  Taking  both  classes  of  middens  together,  the  number 
and  ubiquity  of  them  are  remarkable.  The  shores  of  the  estuary  and  of 
Puget  Sound,  as  well  as  the  coast  and  islands  generally,  are  literally 
covered  with  them.  In  the  neighbourhood  of  lioundary  Bay  they  stretch 
almost  oontinnally  for  miles  along  the  sound.  Between  liadner^s  at  the 
month  of  the  Fnser  and  Point  Roberts  in  Washington  State  I  lonnd 
them  in  score?,  sometimes  situated  several  miles  bade  from  the  water  in 
the  mid.st  of  thick  bush  and  timber.  These  latter  were  generally  sped 
mens  of  the  older  kind  ;  and  like  those  on  the  Lower  Fraser  were  com- 
posed before  the  forest  grew  there,  and  when  the  Delta  was  less  extensive 
than  at  present,  and  the  salt  water  reached  farther  inland. 

The  relative  richness  of  these  delta  middens  in  relics  is  another 
remarkable  feature  of  them.  One  may  dig  and  search  for  days  in  some 
heaps  and  find  scarcely  anythinir.  while  others  abound,  or  did  forinerly, 
in  l>one  and  stone  specimens  of  all  kinds.  There  is  one  at  th»'  river  side 
village  of  Hammond,  on  the  Fraser,  which  has  yielded  an  almost  incredible 
number  of  the  most  interesting  relics.  It  extends  along  the  bank  of  the 
river  for  a  considerable  distance,  and  is  now  utilised  as  fruit  and  vegetable 
gardens,  il'c,  for  which  purpose  the  midden  matter  is  admirably  adapted, 
being  rich  in  the  elements  of  plant  life.  The  settlers  who  first  cultivated 
this  ridge  collected  hundreds  of  different  specimens.  These,  unfortunately, 
for  the  most  part  were  cast  aside,  or  became  broken  or  lost,  or  else  were 

'  Sec  the  writer's  p.ipc  r  on  the  *  Oceai  ic  Origin  of  the  Kwakiatl-Nootka  and  Salish 
Stocks  of  British  Columbia,'  publishetl  iu  the  Tran*.  Itoy.  Soc.  Can.,  vol.  iv.,  sect,  ii., 
J8i>8.  The  views  therein  set  forth  have  met  with  thegeneral  concurrence  of  Tregear 
and  other  Polynesian  scholars,  and  have  been  further  strongly  COUflrmed  hjmj  later 
liogoistio  studies  of  Coiombiao  and  Ooeanic  stocks. 
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^iven  to  friends  or  chanoe  visitora,  aadtliiiigot  scattered  beyond  reoovery. 

Not  a  few  fouiKl  their  way  to  eastern  collectors  and  museums.  Mr, 
Harlan  Smith,  of  the  Now  York  Museum  of  National  History,  spent  some 
here  with  a  stall'  of  diggers  two  or  three  summers  ago,  and, 
I  understand,  secured  many  interesting  specimens  which  are  now  in  the 
anueam  at  New  Tork.  I  also  paid  a  ehort  Tisit  here  hwt  siimuier  on 
behalf  of  the  Museum  of  the  Dominion  Siinrey  at  Ottawa  and  aecaied  a 
few  specimens  of  adzes,  axes,  chisels,  fractured  slate  knives,  pestle- 
hammers,  sj>ear  and  arrow  heads,  and  the  like.  The  limited  means  at  my 
disposal  necessarily  restricted  my  investigations,  much  and  deep  fligjjing 
being  now  required  to  secure  anything  ot  value  or  interest.  The  territory 
in  the  neig^boiiriiood  of  tfaia  midden  was  formerly  regarded  ae  the  eommer 
camp  of  &&  K^'tai  tribe,  tHmee  headquarters  were  at  the  head  of  Pitt 
Lake.  Whether  the  ancestors  of  the  Ke'tsi  once  dwelt  iiere  and  formed 
this  extensive  midden  is  not  at  all  clear.  It  possesses  many  features  in 
common  with  the  older  mitldens,  and  was  doubtless  formed  when  the  salt 
watei^  of  the  gulf  came  many  miles  higher  up  the  estuary  than  they  do 
now,and  when  the  elam  and  rnniad  bede  were  not  ao  far  off  as  at  preaent. 
Altfaoogh  the  Kfi'tri  an  said  to  have  claimed  this  camp  aa  theirs,  the 
condition  and  CKtent  of  the  main  mass  of  the  midden  demonstrably  proves 
it  to  be  of  comparatively  ancient  formation.  For  niy  own  part,  if  the 
Ke'tsi  are  to  ho  re<;arded  as  a  crenuine  branch  of  the  HalkOme'lKm,  of 
which  there  is  some  doubt,  T  do  not  see,  for  the  reasons  alreiuly  given,  how 
their  ancestors  could  have  formed  this  old  and  extensive  midden. 

I  now  pass  on  to  a  summary  consideration  of  the  burial  mottnda 
or  tumuli  of  this  district.  Certain  aections  of  the  (OOfrinoe  abound  in 
these,  notably  the  delta  of  thf  Fraser,  the  shores  of  Puget  Sound,  and 
the  southern  half  of  Vancouver  Island.  In  the  latter  place  they  are 
found  stretching  from  Nootka  Sound  on  the  west  to  Comox  on  the  east. 
Where>er  these  structures  are  found,  though  they  sometimes  dilier  con- 
eiderably  in  detail,  they  share,  in  the  main,  certain  general  ehataoteristioa. 
I  have  ahneady  described  in  detail  one  of  the  most  interesting  groups  of 
these  situated  at  Hatzic  on  the  Fraser,  and  given  illustrations  of  their 
intenml  and  external  structure,  and  figuretl  the  few  relics  recovered  from 
them  in  my  earlier  publications  on  these  subjects  n  fcnrd  to  before,  and 
so  shall  here  only  treat  very  generally  of  them  as  far  as  they  are  found  in 
the  HalkOmfilBm  territory.  In  the  groups  on  the  Fraser,  though  ther  all 
consist  of  heaps  of  day  and  sand  and  boulderi,  they  differ  one  mm 
another  considerably  in  detai].  Sonm  were  simple  mounds  of  clay  which 
hud  been  heaped  up  over  the  corpse  to  a  height  of  several  fcft.  The 
diameters  of  these  varie<l  from  3  to  L'U  or  25  feet.  These  smaller 
ones  ware  doubtless  graves  of  children.  The  bones  in  all  these  clay 
mounds  that  I  examined  were  always  wholly  decomposed,  and  their 
remains  so  okmAy  integrated  with  the  soil  that  the  fact  that  a  body  once 
lay  there  could  only  be  disooversd  after  careful  search.  I  may  here  state 
that  in  all  these  Fraser  mounds,  as  well  as  in  all  others  I  have  opened 
elsewhere,  only  one  body  was  interred.  About  this  there  is  no  doubt,  and 
this  fact  of  separate  individual  interment  is  certainly  one  of  the  most 
striking  features  of  these  tombs,  ^inother  peculiarity  is  that  few  or  no 
relics  are  recovered  from  them.  A  few  copper  specimens  were  taken 
from  one  or  two  of  the  most  elaborate  of  the  Hatzic  group,  but  not  a 
single  specimen  of  stone  or  bone  of  any  kind  ;  and  it  is  the  same  of  others 
elsewhere*   If  we  take  these  groups  in  the  order  of  (heir  elaboratenasa 
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tlie  iMKt  in  the  series  is  a  class  of  moulds  formed  in  part  like  the  day 
ones,  but  difffring  from  them  in  having  a  pile  of  bouldfn-s  heap-d  up  a\cr 
and  around  the  spot  where  the  body  lay.  Thejte  boulders  were  aftn  ward 
covered  with  the  neighbouring  soil,  the  pile  when  tinished  being  from 
4  to  8  or  10  feet  high,  according  to  tbe  depth  at  whidi  the  corpse  was 
piaoed.  This  wm  evidently  at  times  laid  apon  tlM  undisturbed  earth  ; 
at  others  a  basin-shaped  b^e  was  first  excavated  in  the  sen],  and  the  body 
placed  at  the  lx>ttom  of  this.  Another  sij^niticant  feature  of  these  tumuli 
is  the  presence  of  charcoal  in  some  of  thcui.  In  se\  ej"al  1  found  a  distinct 
stratum,  in  places  1  inch  thick,  extending  over  the  whole  ai-ea  of  the 
structure  some  feet  above  where  the  body  lay.  This  charcoal  was 
evidently  tiie  remains  ol  a  sepulchral  fire.  In  this  ooonoeticm  I  may  here 
state  that,  as  far  as  my  estigations  go,  they  show  that  the  BMNUid 
baikiera  of  the  HalkdmelBni  district  did  not,  at  times  at  least,  practise 
quite  the  same  mortuary  customs  as  difl  those  of  Vancouver  I.slaiid.  l^or 
while  it  is  clear  that  both  made  use  ot  the  sepulchral  tire,  those  of  the 
island  seem  to  have  frequently  cremated  the  corpse  and  afterwards 
deposited  the  ssbes  end  nnbnmt  hones  in  a  kind  of  pit  or  rough  oist  at 
the  hottom  of  the  monnd.  Hie  evidence,  however,  on  this  hmul  is  not 
always  sa  ^esr  as  one  would  desire.  Nevertheless,  there  is  no  doubt  that 
cremation  was  practised  by  the  island  mound  builders,  while  this  custom 
seems  to  have  Ijeen  unknown  on  the  mainland.  What  was  consumed  in 
these  sepulchral  tires  it  is  impossible  now  to  say,  though,  judging  from 
more  recent  practioes  of  the  kind,  it  may  well  iiave  been  merely  iood  for 
the  shade  of  the  departed  or  his  ch>thes  or  other  personal  belongings 
Mortuiy  files  lor  tins  pnrpOBe  are  not  unosoal  among  primitive  races, 
and  were,  we  know,  commonly  lighted  among  the  tribes  of  this  legion 
until  quite  recently. 

Next  in  tlie  series  we  find  a  class  of  mounds  which  may  be  said  to  be 
typical  of  the  greater  number  of  these  structures  wherever  found.  These 
dinbr  from  the  last  described  in  having  a  rectangular  periphery  of  stonea 
Ebewfaere  on  the  Fraser,  on  the  mountain  slopes  overlooking  Sumas  Lske, 
at  Point  Roberts  on  the  Sound  and  almost  everywhere  on  Yanooaver 
Island,  we  find  mounds  of  this  class.  These  inclosure.*;  vary  in  dia- 
meter from  alx)ut  10  to  ')0  feet.  Sometimes  they  are  proximately  true 
st^uares,  at  others  they  are  decidedly  oblong  in  shape.  The  greater 
portfam  of  the  space  conteinad  by  these  boniwaries  is  covered  with  the 
centesl  pile  ol  bonlden  or  rooks,  and  over  all  is  thrown  the  soil  or  ehiy  ol 
the  neiin^boorhood,  which  is  not  infrequently  interstrstified  with  di£forent 
coloured  .<^nds.  Sometimes  we  find  this  typo  considerably  elaborated, 
and  instejLci  of  one  boundary  of  stones  we  have  three,  one  inclosing  the 
other,  with  an  interval  ot  a  few  feet  between  them,  with  the  outermost 
doubled  and  capped  by  an  additional  row.  The  stones  of  which  these 
tombs  are  constructed  vavy  in  character  with  the  locality  in  which  they 
are  found.  All  those  at  Batzio  were  formed  ol  water-wont  bonlden,  and 
had  to  be  conveyed  to  the  spot  from  the  mountain  streams,  a  mile  or 
so  away  from  the  site.  They  weightnl  from  25  pounds  to  200  pounds 
each,  and  the  total  weight  of  tliem  in  one  of  the  more  elaborate  mounds 
could  not  have  been  less  than  25  tons  or  30  tons.  It  will  be  seen  that 
the  building  d  some  ol  these  tombs  was  no  light  task.  Those  found 
on  the  mountain  slopes  overlooking  Sumas  Lake  are  in  every  case  with 
whkh  I  am  ^—m^*"*  built  of  jagped  blocks  of  stone,  of  varying  weight  and 
warn,  taken  bom  the  mountain  side.  In  other  respects  they  do  not  differ 
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in  any  essential  particular  from  the  typical  onf^s  at  Hatzie.  But  sorae  of 
those  on  Vancouver  i.slarul  might  be  more  aptly  termed  cairns  than  tumuli, 
as  they  are  constructed  without  clay  or  sand  or  soil  of  any  kind,  the 
pieces  of  rock  or  boulders  being  piled  up  in  conical  form  over  the  body, 
much  as  we  find  them  in  the  Scotch  cairns. 

I  have  already  alluded  to  the  difierent  kinds  of  sand  foand  in  some 
of  these  structures.  I  regard  this  as  a  remarkable  feature.  What  its 
presence  signified,  T  am  unable  to  say  ;  but  that  it  had  some  special  signi- 
fication thore  can  ho  no  doubt.  It  is  found  in  all  the  larger  of  the 
Hatzic  mounds,  sometimes  in  large  quantities,  and  also  in  those  near 
Sumas  Lake  and  at  Point  Roberts ;  and  it  is  also  quite  frequently  seen 
in  those  on  Vancouver  Island.  This  sand  is  sometimes  spread  over  the 
stmetare  in  distinct  layers  or  strata  of  varying  thickness.  Sometimes  in 
the  same  mound  we  liavf  1  avers  of  dark  reddish  or  brown  sand  alternat- 
ing  with  layers  of  clay  and  dark -grey  sand.  In  no  instance  is  tliis  sand 
the  natural  soil  of  the  place  where  the  mounds  are  erected,  but  has  been 
laboriously  broaght  from  some  other  spot.  I  may  here  state  that  the 
Indians  who  live  in  the  vieinity  ol  theie  tamali  know  nothing  about  them 
or  their  builders.  Banal  by  inhumation  was  never  practised  in  the  Delta 
district  by  the  present  tribes  as  far  as  they  themselves  know,  or  as  far  as 
their  tnuiitions  reveal.  Burial  in  or  under  trees  ;  in  roughly  constructed 
wooden  tombs,  erected  on  poles  ;  in  large  family  box-like  receptacles ; 
in  blankets  or  in  separate  coffins  or  boxes,  which  were  placed  under  sheds 
in  the  bnrial  gronnds,  or  saspended  from  the  branches  of  tree%  was  the 
prevailing  evstom  among  these  tribes  when  we  first  came  into  contact 
with  them,  and  as  far  back  as  they  have  any  record  of.  I  have  already 
pointed  out  my  reasons  for  thinking  they  could  not  have  occupied  their 
present  territory  beyond  a  few  centuries  at  most,  and  the  presence  among 
them  of  these  old  tombs,  disclosing  t|his  strange  mode  o£  sepulture,  of 
which  they  know  nothing,  seems  to  confirm  this  view.  '  The  conservation 
and  perpetuation  of  weli-estabtished  cnstoms  are  a  very  strong  trait  in  the 
character  of  primitive  man  all  over  the  world,  and  though  changes  and  modi- 
fications may  and  do,  by  lapso  of  time  or  alteration  of  circumstances,  take 
place,  yet  we  rarely  meet  with  cases  of  such  radical  change  as  that  which 
must  have  taken  place  here  if  the  present  tribes  are  the  descendants  of 
the  moand  bnildera.  Unfortunately  we  have  thus  far  been  able  to  secnra 
so  little  eomatological  material  from  these  tombs  that  it  is  impossible  to 
institute  comparisons  between  the  morphological  characters  of  the  mound 
builders  and  those  of  the  modern  tribes,  and  so  determine  the  question, 
if  possible,  by  this  means.  In  only  one  instance  did  I  succeed  in  recover- 
ing a  few  lx>nes  and  a  portion  of  a  skull,  the  examination  of  which  has 
only  made  the  question  more  perplexing.  This  skull  had  been  subjected 
to  considerable  prenure  in  the  ground,  and  had  in  consequence  snflbred 
very  much  from  deformation  post-mortem.  To  make  the  matter  worse,  it 
had  also  been  deformed  in  the  lifetime  of  the  individual  to  whom  it 
belonfi;e(l  ;  and  although  Dr.  Boas  inclines  to  the  belief  that  such  of  the 
face  as  is  left  presents  features  in  common  with  the  heads  of  the  present 
Indians,  the  evidence  in  support  of  this  is  of  so  scanty  and  inconclusive 
a  nature  that  it  can  scarcely  be  taken  into  account.  This  fragmentary 
akiUi,  then,  does  not  afibid  us  much  help.  There  is,  however,  one  point  oc 
interest  about  it.  It  appears  to  be  the  skull  of  a  woman.  If  it  be  so, 
then  the  honours  paid  to  deceased  wives  or  women  amon^r  the  mound 
builders  were  very  much  greater  than  those  paid  to  deceased  wives  or 
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women  among  the  Halkomg'Ism  tribes,  pait  or  prooent,  as  far  as  we  can 
learn.  That  these  mound  bnilders  are  an  old  race,  and  some  ol  their  tombs 
of  great  age,  we  may  gather  from  the  fact  that  out  of  the  crown  of  the 
one  from  which  the  deformed  skull  was  taken— and  which  was  probably 
the  cause  of  its  partial  preservation — there  stood  the  decaying  stUmp  of 
a  large  cedar-tree^  wbi^  ooald  not  haTe  beat  km  than  several  oenturies 
old.  From  this  it  is  clear  that  thb  mode  of  sepnltnre  dates  back  to  a 
eomparatively  remote  period,  too  remote,  T  think,  to  have  been  known 
or  practise<l  by  the  ancestors  of  the  HalkOme'lEm  tribes.  Deep-rooted 
customs  such  aa  these  widely  scattered  monuments  of  a  bygone  age  reveal 
do  not  change  easily,  or  give  place  readily  to  others  so  radically  ditferent. 

In  concluding  this  paper  I  may  be  permitted  to  briefly  sum  up  the 
Molta  of  my  investigations  of  the  arehnolegloal  remains  Imind  witldn  the 
HalkOme'lEm  borders.  First,  we  gather  from  the  evidence  of  the  older 
middens  that  the  Lower  Fraser  was  in  possession  of  a  primitive  people 
at  a  comparatively  remote  date,  probably  not  less  than  2,000  years  ago  ; 
that  the  cephalic  index  and  the  general  cont-ours  of  tiie  heads  of  at  least 
some  of  these  differed  radically  from  those  of  any  tribe  that  now  uxii»ta 
or  has  been  known  to  exist  here ;  and  that  these  or  some  otlmr  equally 
vnknown  people  practised  important  mortnaiy  rwhts  and  eostoms  alto- 
gether nnlike  those  practised  by  the  preaent  tribes,  or  known  to  have 
Deen  practised  in  the  past  by  them.  From  these  results  and  from  my 
linguistic  studies,  which  show  that  the  speech  of  the  Ualkome'lsm  tribes, 
distantly  separated  as  some  of  them  are,  is  practically  homogeneous, 
,  which  could  certainly  not  be  the  ease  if  these  scattered  tribes  had  occupied 
the  Lower  Fraser  disferiot  from  the  period  of  the  eariier  middens  and 
Irorial  mounds,  we  may  fairly  conclude  that  the  present  Salish  tribes  are 
not  the  original  occupiers  of  this  portion  of  the  province  ;  that  they  are, 
in  fact,  comparative  late-comers.  Who,  or  of  what  race,  were  the  ancient 
midden  and  mound  builders,  whether  they  were  related  to  the  De'ne'  of 
the  interior  who  once  undoubtedly  occupied  a  greater  portion  of  Southern 
British  OdumUa  than  they  do  now,  or  to  some  other  unknown  rsco  which 
has  been  esterminated  or  absorbed,  future  invett^tione  may  one  day 
reveal  tons. 


Aidlirui'ohj'jirdl  PltufwjriijJif^. — Interim  lieport  of  ihe  Cumm'dlce,  con* 
sisting  o/Mr.  C.  H.  Head  (Chairnian)^  Mr.  J.  L.  Myres  (8eere» 
iaty),  Dr.  J.  G.  G arson,  Mr.  H.  Lino  Roth,  Mr.  H.  Balfour, 
Mr.  E.  S,  Hartland,  <nul  Professor  Fllndeks  Petkik,  appohded 
for  Ike  CoUeciiuii,  Vrexerrtition^  arul  Si/slemalic  liegistrtUion  of 
FluihQfa^h^  of  AiUUrojKiUHjicoL  liUerest. 

Thb  GommittcH)  report  that  steady  progress  has  been  made  with  the 
registration  of  anthropological  photographs  ;  but  that  it  has  seemed 
desirable  to  postpone  once  more  the  publication  of  a  classiBed  list  until 
the  numerous  photogniphs  recently  submitted  can  be  thoroughly  cata- 
logued and  cross-referenced. 

Tim  thanks  of  the  CommittM  are  especially  due  to  the  Libnuiatt  of 
the  India  Office,  and  to  the  Royal  Geographical  Society,  for  leave  to 
register  the  large  ooUections  of  photographs  under  their  care :  at  well  as 
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to  the  nttiiMRnts  owners  of  negatires  who  have  commtuiiceled  wtdi  tile 
Oonnnittee. 

The  Gommittee  ask  to  he  reappointedi  with  the  bdance  in  hand  from 
the  origmel  grant. 


TJie  Roman  Fori  at  QeUyijaer.  —lU^ri  of  tlie  ConnmUtee,  consisivng  of 
Profeesor  J.  Rhys  (Chairman),  Mr.  J.  L.  Hybes  (Seerdaryj, 
Mr.  A.  J.  EVAKS,  omd  Mr.  £.  W.  Bbabbook,  appomM  io  co- 

r*aU  noiJih  ih»  Cardiff  NaluraiUiU*  Sookiy  m  its  EtooaeaiumB  on 
SUb  of  a  Boman  Fori  ai  Qelhf^aer, 

TiiK  Committee  has  received  from  Mr.  John  Ward,  F.S.A.,  of  the  Cardiff 
Katuraliatfi'  Society,  tiie  following  report  of  the  exploration  : — 

The  ^'illage  of  nellys^aer  lies  between  the  Rhynmey  and  the  Bargoed 
Taff  valleys,  near  the  iiorth-e;ist  border  of  (Hainorg.in,  and  at  a  distance  of 
thirteen  and  a  half  miles  N.N.W.  of  Carditl'.  It  occupies  a  high  position 
^80  feet  above  the  aea),  and  commandi  aneztensiTe  sweep  of  charscteristie 
Goal-measure  country,  for  this  vOlage  is  in  the  heart  of  tne  eastern  part  of 
the  South  Wales  coal  field. 

The  site  of  the  fort  is  in  a  field  to  the  north-west  of  the  church,  which 
has,  time  beyond  memory,  borne  the  name  of  Gaer  Fawr  (Great  Camp). 
Here  a  number  of  low  mounds  bore  witness  to  the  signidcauce  of  the 
name,  for  to  an  experienced  eye  they  marked  the  outline  and  chief 
bnildings  of  a  typical  Homan  fort.  The  position  is  not  aatoially  strongs 
yet  it  is  well  chosen.  It  occupies  a  commanding  position  on  the  brow  off 
X^ant  Cylla,  hut  is  overlooked  hy  rising;  ^rmuul  on  the  north-west. 

The  exploration,  for  which  permission  was  given  by  the  owner  of  the 
property,  Mr.  Capel  Hanbury  r^eii,di,  J. P.,  began  in  October  1899,  and 
was  continued  during  the  warmer  months  each  year  until  the  end  of 
autumn  1901.  IHwing  its  pi  ogresa  the  whole  of  the  site  was  snfficiently 
excavated  to  admit  of  a  survey  being  made  of  all  the  buildings,  some  of 
the  more  important  being  wholly  uncovered.  It  shares  with  Housesteads 
on  the  Roman  Wall  in  Northumberland  the  distinction  of  being  the  most 
completely  explored  Roman  fort  in  this  country. 

The  survey  of  tlie  remains,  made  by  Mr.  J.  W.  Rodger,  of  Cardiff, 
presents  a  typical  Roman  fort,  singularly  com|)lete,  and  characterised  by 
great  simpUcity.  The  outer  line  of  defencCi  it  will  be  observed,  is  the 
usual  ditch,  which,  in  the  case  of  Qellygaer,  was  crossed  at  the  gates  by 
bridges  ;  the  inher,  an  earthen  rampart.,  faced  on  Yyoth  sides  by  retaining 
walls.  This  rampart  is  pierced  by  four  gates,  one  alx)ut  the  middle  of 
eiich  side.  Besides  the  chambers  which  Hank  these  gates,  there  are 
twelve  others,  probably  the  basements  of  towers,  at  approximately  equal 
distances  along  the  rampart,  one  being  at  each  comer.  Connecting  the 
lateral  gatee  is  the  wide  transverse  street,  the  Via  Prinnjmlis,  and  mid- 
way on  its  SfHith-west  side  is  the  forum-like  structure  invariably 
found  in  thesf  forts,  and  usually  <l*'nominated  the  Prt^toTium.  This 
structure,  as  usuiil,  breaks  the  continuity  of  the  longitudinal  street.  The 
rest  of  the  site  is  occupied  by  buildings  of  several  types,  corresponding  in 
the  main  with  those  of  other  forts. 

The  length  reckoned  firom  the  external  faoeof  the  rampart  is  404  fset 
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•od  braoaih  886  feet,  to  thttt  tin  1^ 

excavated  series,  and  it  is  a  shorter  oblong  than  nsoal.  Another 
peculiarity  is  tho  1):ick\var(l  positir»)i  of  tho  Via  /'rincijialis. 

The  various  builditi^'s,  including  the  rampart  re vetements,  were  found 
to  rarely  remain  to  a  greater  height  than  3  feet  alx)ve  the  Roman  level. 
They  were  constructed  of  the  local  Pennant  gritstone,  a  hard,  thinly 
bedded  rock,  which  is  still  the  chief  building  material  of  tiie  dietriet.  The 
masonry  may  be  described  as  regularly  coursed  rabb1e*work,  but  it  wied 
considerably  in  quality.  The  gates,  for  instance,  were  neatly  constructed 
of  well-selected  stones,  many  of  which  were  more  or  less  dressed.  Some 
of  the  walls  of  the  buildings  «>f  the  interior,  on  the  other  hand-— probably 
sleeper-walls  to  support  superstructures  of  timber — were  built  of  rough 
stonei  as  quarried,  with  an  admixture  of  weathered  fieid  etonei.  Toe 
▼oossoirs  of  the  gate  arches  were  of  calcareous  tufa. 

Mortar  had  Men  used  in  all  these  walla,  bat  it  was  found,  as  a  rule, 
to  have  decomposed  into  nndy  loain  of  the  same  colour  as  the  surrounding 

•  soil.  This  proneness  to  decomposition  was  apparently  due  to  the  use  of 
•white'  lime,  i.e.,  lime  derived  from  Carboniferous  limestone,  and  the 
inability  of  getting  a  suitable  sand  in  the  district.  This  limestone, 
together  with  thecaJcareous  tufa  just  referred  to^  Is  found  in  tiie  vicinity 

«  of  Oastle  Moriais,  ten  miles  to  the  north-west. 

The  foundations  of  all  the  outside  and  of  most  of  the  divisional  walls 
were  deep  and  well  laid,  consisting  of  rough  quarried  and  field  stonew, 
roughly  courseil  in  the  case  of  the  more  important  walls,  and  packed  on 
>  end  in  the  case  of  the  less  important. 

The  roob  of  several  of  the  more  important  boUdings  had  been 
'  covered  with  red  tiles  <tf  the  usual  Roman  type ;  hot  from  vne  afasenoe  of 
roofing  tiles  of  any  sort  on  the  sites  of  others,  particularly  the  'long** 
building's,  it  may  be  inferred  that  these  buildings  had  been  thatched  or 
covered  with  W(>oden  shingles  or  planks. 

The  ditch  was  found  to  be  of  a  shallow  V -shape  in  section,  approxi- 
mately 10  feet  in  width  from  tip  to  lip  and  7  feet  in  depth ;  and  owing 
to  the  tenacioos  character  of  the  natural  soli,  the  sides  were  singolarly 
well  preserved.  The  excavation  in  front  of  the  south-west  gate  showed 
that  each  sidr  of  the  ditch  had  been  cut  back  so  as  to  leave  a  step  about 
2  feet  from  the  bottom,  obviously  to  serve  as  a  platform  for  the 
supports  of  a  bridge ;  and  from  the  absence  of  masonry  it  may  be 
■  concluded  that  the  bridge  was  of  wood. 

As  sJready  stated,  we  rampart  was  of  earth  (evidently  derived  from 
the  ditch)  and  confined  l>etween  two  walls.  The  outer  of  these  walls 
varied  from  3  feet  to  4  feet  3  inches  in  thickness,  and  the  inner  was 

•  considerably  thinner.  Both  walls  had  been  built  against  the  earth - 
bank.  The  total  width  of  the  rampart  varied  from  19  feet  4  inches  to  a 
trifle  over  20  feet. 

All  the  gates,  so  far  as  could  be  judged  from  their  remains,  were  of 

•  similar  design  and  size.  They  were  double— that  is,  eadi  contained  two 
passages,  11  feet  long  and  wide^  separated  by  an  inter\'ening  spina. 
Front  and  back  these  passages  were  narrowed  to  portals  9  feet  6  inches 
wide  by  projecting  jambs  or  pilasters,  which  doubtless  had  carried 
arches,  as  the  fragments  of  voussoirs  of  calcareous  tufa  were  plentifully 
found  on  the  sites.  On  either  side  of  the  pair  of  passages  was  an  oblong 
goavd-cfasmber  about  11  feet  by  9  feet  6  inches  (internal  messuiemeats)^ 

•  entefed  by  a  aanow  doorway  in  the  back« 
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The  whole  straetare  (panagei  and  goard^hambete)  was  withm  lb 

width  of  the  rampart,  and  the  front  pair  ol  portals  was  aet  back  netrij 
6  feet  behind  the  front  line  of  the  rampart.  These  portals  had  been 
provided  with  two-leaved  doors,  which  turned  on  pivots.  These  in  cloiing 
stopped  a^inst  a  rim  or  sill  of  stone  which  crossed  the  threshold,  and 
in  opening  fell  back  into  the  recesses  made  by  the  projection  of  the 
pilasters.  In  one  of  the  passages  of  the  south-west  gate  the  raised  sH, 
pivot-holes,  and  liolt-holes  were  found  intact,  tlie  former  consisting  d 
two  flag-stones  end  to  end,  and  set  on  edge  in  the  ground,  the  upfet 
edge  being  worn  by  traffic. 

Erom  ihe  presence  of  red  roofing-tiles  on  the  site  of  the  north-east  gito 
it  isprobable  that  the  gates  were  rooled  with  these  tiles. 

liie  building  (VII)  designated  hf  some  the  Fratorium^  and  bf 
others  the  Forum^  was  ilic  most  centred  and  probably  the  motst  importast 
feature  of  the  interior  of  the  fort.  It  was  oblong  in  plan*  80  by  68  feet, 
and  was  of  simple  type,  consisting  of  (a)  an  interior  courtyard  entend 
from  the  Via  I'riyKnpallft^  and  surrounded  on  three  sides  by  a  narrow- 
roofed  ambulatory  ;  and  (h)  a  posterior  portion  consisting  of  a  spac-? 
which  may  be  regarded  as  the  enlarged  ambulatory  of  the  fourth  or  far 
side  of  the  courtyard  with  a  range  of  five  rooms  opening  into  it.  The 
middle  room  was  distinguished  from  the  rest  l)y  its  external  projection, 
in  this  respect  resembling  the  corresponding  room  in  some  of  the  German 
pnsforjbk 

On  the  north-west  ude  of  the  Prceioriwn  was  a  boose-like  stredais 
(VI),  consisting  of  a  series  of  rooms,  which  opened  into  a  corridor  mt- 
rounding  a  smiul  central  courts  entered  from  the  Via  Priticipalis. 

On  Sie  opposite  side  was  an  enclosed  yard,  which  also  had  its  chief 
entrance  from  the  above  street.  This  yaid  was  not  folly  explored,  bst 
the  trenches  sufficiently  showed  that  it  was  used  for  various  purposes. 

Between  these  and  the  lateral  gates  were  two  remarkable  buttressed 
buildings  (V  and  VIII),  each  about  83  by  35  feet.  Remains  of  similar 
buildings  have  been  found  in  most  Roman  forts,  but  nowhere  else 
have  they  supplied  so  many  hints  as  to  tiieir  original  construc- 
tion and  arrangement.  Each  of  the  Gellygaer  examples  coiisisieil  of 
a  middle  portion  having  a  raised  floor  of  wood  or  other  perishable 
material,  supported  upon  a  number  of  parallel  sleeper-walls.  In  ihm 
walls,  and  between  the  buttresses  of  the  external  walls^  were  openii^ 
evidently  to  allow  of  the  free  circulation  of  air  between  this  raised  floor 
and  tiie  ground.  The  roof  above  had  been  tiled  in  the  usual  way.  At 
each  end  were  the  remains  of  a  sort  of  portico,  containing  an  entnuMS 
into  the  middle  portion,  reached  by  several  steps.  Of  the  various  con- 
jectures as  to  the  use  of  these  buildings  the  most  feasible  is  that  Umj 
were  storehouses. 

The  four  buildings  described  above,  formed  a  range  along  the  south- 
west side  of  tlie  great  cross  street,  the  rest  of  tiie  interior  being  occupied 
by  a  number  of  narrow  transverse  buildings,  which  apparently  had  been 
thatched,  for  no  roofing  tiles  of  any  sort  were  found  on  their  sites. 

Six  of  these  (I,  II,  XII,  XUI,  XIV.  XV)  were  aUke,  L-shaped,  and 
their  average  length  was  145  feet  and  width  36  he^  For  about  two* 
thirds  of  their  length  (corresponding  to  the  upright  limb  of  the 
ever,  the  actual  wall  on  one  side  was  recessed  or  set  back  about  6  fosli 
the  full  width  being  maintained  along  this  jportion  by  a  row  of  nine  post% 
which  evidently  supported  the  overhangipg  roo^  lonning  a  vimidar 

■•s 
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Buildings  of  a  similar  shape,  but  with  stone  pillars  Instead  of  wooden 
pobLs,  have  been  found  at  Chester^  {CUunium),  in  Northumberland. 
As  these  were  divided  into  a  iminber  of  narrow  apartments  opening  on 
to  th»  Teranda,  it  is  probable  that  the  Gellygaer  eiampleB  were  nmuarlj 
divided^  onl;  by  wooden  instead  of  stone  partitions.  These  buildings 
were  probably  used  for  barracks. 

The  other  Mung' bniklings  differed  from  one  another  in  shape  and 
sis^  and  it  is  likely  enough  that  they  were  used  for  different  pnrpoees. 

A  complete  Memoir  of  the  exploratinn,  with  plans,  itc,  drswn  up  by 
Mr.  John  Ward,  F.8.A.,  for  the  (Jardili  Naturalists'  Society,  has  now 
l>eeu  poblighed.  Application  for  copies  should  be  made  to  the  hon* 
iecretary  of  the  Society,  Dr.  William  Sheen,  Cardi£ 


SiUskMier  ExeaviUicn, — Jteport  of  the  OommUtee^  eonsisUng  of  Mr. 
Abthub  J.  Evans  (Chairman),  Mr.  J.  L.  Mybes  {Secrdary), 
and  Mr.  E.  W.  Brabrook,  ojqmnUd  to  co^erate  with  th§ 
Sikhetier  ^aeavaJtion  Fund  CommUtee  in  Vieir  ExeamUons, 

Thf.  Committee  have  to  report  that  the  excavations  at  Silchester  in  1901 
were  begun  on  May  10,  and  continued  without  break  until  November  13. 

The  work  wh^,  confined  to  the  northern  half  of  the  town,  on  a  strip  of 
ground  lying  to  the  eikit  of  iiisulcf  XXI  and  XXII  (excavated  in  1899), 
sad  extending  northwards  from  the  modern  road  traversing  the  site  to  the 
tovn  walL   The  area  examined  was  nearly  6  aeras. 

The  ground  in  question  was  foond  to  contain,  in  its  southern  hal^ 
a  mare  innda  (XaVII)  of  large  sise,  while  the  triangular  piece  to  the 
noffoi  proved  to  he  an  extension  eastwards  ol  inmda  XXII,  of  which  the 
larger  portion  was  ezoaTated  in  1899.  The  extension  contained  only  two 
more  buildings  ;  one  towards  the  north  ;  the  other  towards  the  sooth, 
perhaps  a  small  house  with  an  eastern  apse. 

Tlio  w  estern  half  of  imnila  XXVII  containecl  tlio  foundations  of  three 
liouses.  Tw<i  of  these  are  especially  interesting  on  account  of  the  addi- 
ti"ns  tlmt  have  been  mado  to  their  plans.  The  northernmost  house,  which 
these  additions  waii  more  than  doubled  in  area,  was  originally  a  com- 
plete example  of  the  courtyarcl  type,  with  mosaic  floors  in  most  of  the 
mD%  end  a  number  of  interestiiig  features.  Two  of  the  mosaic  pave- 
Mte  were  sufficiently  well  presenred  to  justify  their  removal  The  house 
vtt  evidently  a  half-timbered  building,  and  in  the  added  portion  some 
Wsrkable  evidence  was  found  of  the  method  of  construcUon  and  the 
omamental  charaoter  of  the  half  -timbered  work. 

The  second  house  was  also  of  the  courtyard  type,  but  apparently  of 
1^  importance  than  its  neighbour,  and  perhaps  of  later  date.  The  addi- 
tions to  it  included  a  number  of  winter  rooms  wanned  by  an  elaborate 
^ries  of  hypocau.sts,  and  a  building  of  doubtful  use  ej^bibiting  some  un- 
usual features  of  construction. 

The  third  liouse  was  of  the  corridor  type,  but  its  more  interesting  por- 
^JOft  had  been  to  a  large  extent  destroyed. 

^  Ihe  extensions  to  the  houses  noted  above  stretch  so  far  across  the 
«««2b  ss  to  leaTO  little  room  lor  any  other  buildingSi  and  those  that  were 
WWPtned  were  not  of  an  important  chameter. 
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The  number  of  pits  and  wells  met  with  in  1901  was  small  in  com- 
parison with  the  many  found  in  previous  years,  but  they  yielded  a  fair 
quantity  of  pottery  and  other  antiquities,  including  a  tine  pair  of  iron 
wheel  tyres,  and  a  remarkable  lead  or  pewter  bucket. 

The  annexed  plan  of  the  Roman  town  shows  the  portions  excavated 
down  to  May  1902. 


The  finds  in  bronze,  bone,  and  glass,  and  the  coins,  were  as  numerous 
as  usual,  but  do  not  call  for  any  special  remark. 

A  detailed  account  of  all  the  discoveries  was  laid  before  the  Society 
of  Antiquaries  on  May  29,  and  will  be  published  in  '  Archa^ologia.' 

A  special  exhibition  of  the  antiquities,  »S:c.,  found,  was  held,  as  in 
former  years,  at  Burlington  House,  by  kind  permission  of  the  Society  of 
Antiquaries. 

The  statement  of  accounts  for  the  year  1901  shows  a  total  expenditure 
of  510/.  15«.  Sd. 

It  is  proposed  during  the  current  year  to  excavate  the  area  near  the 
east  gate,  adjoining  the  churchyard  of  the  parish  church  of  Silchester,  to 
the  west  of  the  two  square  temples  uncovered  in  1890. 

The  Committee,  therefore,  ask  to  be  reappointed,  with  a  further 
grant. 
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Tfw  Aye  of  Stoiie  Circles. ^Reixn-t  of  the  Cominllteej  consisting  of 
Dr.  J.  G.  Gakson  {(liaiiinan).  SU'.  II.  Balfour  (Secretcvri/)]  Sir 
John  Evans,  Mr.  C.  H.  Read,  Professor  \l.  Mkli>ola,  Mr.  A,  J. 
EvAXS,  Dp.  U.  Mmnro,  Profe.ssor  Boyd  Dawkins,  and  Mr.  A.  L. 
Lewis,  apjxmiied  to  mwhict  Fj>plornfions  inth  t/m  (tf>/ec(  of  Air&i** 
takdng  tiis  Age  of  iStom  Circles,    {Drawn     by  the  t^ecretary.) 

Trb  Oommittee  report  that  the  excavations  commenced  last  year  at 
the  Arbor  Lorn  Stone  Cirde  in  Derbyshite,  irere  renewed  towards  tlie' 
end  of  May  of  the  prennt  year,  the  neoesaary  permiaden  having  a^in 
been  very  kindly  granted  by  the  Duke  of  Rutbuid,  the  First  Ooonsasskmer 

of  Works,  and  Mr.  Warrilow,  the  groand  tenant,  and  this  opportunity 
is  taken  for  thanking  these  gentlemen  heartily  lor  having  thns  enabled 

the  work  to  be  further  prosecuted.    As  last  year,  so  again  this  year 
Mr.  A.  Pitt-Rivers  was  i^ood  enough  to  lend  tlie  principal  apparatus 
employed,  for  which  sincere  th.inks  are  duo  to  liim.    The  actual  organisa- 
tion and  carrying  out  of  the  excavations  were  again  placed  in  the  handa 
of  Mr.  II.  St.  (t.  Gray,  of  the  Taunton  Museum,  and  tlie  Comniittee 
vibh  to  tcbtily  to  their  high  appreciation  of  the  manner  in  which  he 
eonducted  the  work  under  somewhat  trying  circumstances.    He  has  com- 
pleted his  elaborate  sorvev  plans  with  sections  iUnstrating  this  yesjr^ 
^grings,  and  has^  during  last  year  and  this  jrear,  taken  between  thirty 
and  forty  photographs  showing  views  ol  the  monument,  the  excavations, 
tad  principal  finds.    He  is  further  construeting  a  relief  model  which  will 
aoouately  represent  the  entire  structure.    Oonsaderable  time  and  atten- 
tiAfi  was  devoted  to  the  relaying  of  the  turf  covering  the  parts  disturbed 
(luring  last  year's  excavations.    This  was  satisfactorily  performed,  and 
as  arrangements  have  been  made  with  the  tenant  whereby  cattle  and 
horses  will  Ix^  kept  out  of  the  held  until  next  spriniTf,  it  is  hoped  that  the 
turf  will  now  .settle  properly  and  that  all  traces  of  disturbance  will  dis- 
appear in  a  short  time. 

The  following  detailed  account  of  the  work  done  this  year  has  been 
tsfandttsd  by  Mr.  Gray  as  a  report  to  the  Committee. 

On  tJte  EoeeaviUions  at  Arhor  Lov\  May-June  1902. 
By  H.  8t.  George  Gray. 

Little  need  be  said  this  year  in  a  prefatory  way  as  regards  the  position 
of  Arbor  Low  and  its  general  description,  these  points  having  been  dealt 
with  somewhat  exhaustively  in  last  year's  report.  The  various  dimensions 
of  the  circle  and  earthworks  were  also  given,  and  tbe  surveys,  sectional 
diagrams,  and  photographs  were  fully  described. 

Excavations  were  renewed  this  year  on  May  27,  and  continued  until 
Jsne  9.  For  the  greater  part  of  the  time  eight  men  and  a  boy  were  em- 
pkgred  as  against  a  maximum  of  six  men  and  a  boy  last  year.  A  fairly 
large  amount  of  time  and  labour  had  to  be  expended  in  relerelling  and 
returfing  last  yearns  excavations,  for  it  was  found  that  cattle,  combined 
with  dry  weather  after  the  completion  of  the  work  last  year,  had  played 
great  havoc  with  the  relaid  sods  ;  indeed,  fresh  turf  had  to  be  obtained 
sod  cot  with  ptoper  tools  £pr  t)ie  purpose  of  returfing.   The  esMumtftpns 
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of  1901  and  ol  1903  luiye  now  been  left  in  an  good  a  condition  hs  poaslbla, 
and  arrangements  have  been  mode  with  the  tenant-farmer  to  h&tp  the  | 
field  in  which  Arbor  Low  is  situated  free  from  cattle  and  horses  until 
Lady  Day  1903,  an  that  the  relaid  turf  may  have  ample  time  to  recf  ver  ! 
itself.    The  weather  during  the  expioraiions  \vag  most  unpropitK««i,  ' 
there  b(»in^  only  two  thoroughly  fine  days.    Heavy  rain  fell  daring  t 
large  proportion  of  the  time,  which  greatly  impeded  the  men  in  thf 
filling  in  of  the  new  excavations  and  in  the  returfing  operations.  Thb 
year's  photographs,  in  spite  of  the  weather  and  of  sever*!  having  ben 
tflJcen  in  drinliiig  imin,  are  on  the  whole  wtii&otory. 

I  WM  unahle  to  dotennuie  the  magnetie  deolliUtkm  of  the  eQiB|ii^ 
Imt  Mr.  Charies  Ljtuun,  F.S.A.,  kindfy  aioertained  lor  mo  that  kwm 
ir^'SS' At  Buxton  in  1901. 

An  aoourate  model  of  Arbor  Low  is  in  course  of  oooitnMtiQB  ud 
will  probably  be  completed  by  about  the  end  of  this  year.  I  regret 
that  it  has  been  impo'^'^ible  to  finish  it  in  time  for  exhibition  a(  tkk 
Belfast  Meeting  of  the  British  Association. 

Fxcav€Ui(ms  into  the  Fos^te.^ln  August  1901,  as  already  reported, 
three  cuttings  were  made  across  the  ditch,  viz.,  Section  1,  mejisuring 
t*^"*  G6  wide,  at  the  south,  close  up  to  the  S.S.E.  Causeway ;  Sectiou  2, 
d"^'05  wide  at  the  N.W.,  with  an  extension  up  to  the  limestone  sides  <if 
the N.y.W.  Gauieway ;  and  Swstion 3,  alao  3»*05  wide,  raJdwiyhatma 
Seotum  1  and  the  N.N.W.  Oauaeway,  in  all  14«*34  of  fone.  Thk  |«r 
three  farther  onttinip  were  made,  oomprising  11**60  of  Iobm.  Thei»> 
excavation  of  eac  h  of  these  sections  will  be  deeortbed  in  detail. 

Section  5,  3^*05  wide,  is  situated  on  the  west,  between  Sections  2  and 
3  of  last  year.  Like  Section  3,  it  proved  to  be  veiy  shallow,  the  lime- 
stone rock  being  reached  in  the  middle  of  the  silting  at  a  depth  of  30  cm. 
from  the  surface,  whilst  on  the  inner  side  of  the  ditch  the  depth  was  only 
34  cm.  ;  the  section  was  not  therefore  surveyed  and  plotted.  The  bottom 
was  fairly  level,  specially  when  compared  with  the  bottom  of  the  fosse 
•  in  all  other  parts  except  in  Section  3.  No  i*elics  were  found  in  Section  5, 
oxcept  one  uoubtf  uliy  artiticial  chert  flake.  The  photograph,  taken  bam. 
the  N.W.  TaUum,  of  the  general  view  of  the  barrow  on  the  8.B.  vato 
and  portion  of  the  oirole,  ehowa  inthefoNgroondin  the  rig)it-hand  eoiMr 
t^e  position  of  this  leotion  in  iti  retnrfed  condition  at  the  doaa  of  the 
^cavationa. 

On  the  east  by  north,  another  cutting,  Section  6^  3**05  widOi  vbs 

made  across  the  fosse.  Here  again  nothing  of  importance  was  discovered^ 
but  the  section  was  surveyed  and  plotted.  In  this  part,  the  surface  of  the 
turf  of  the  silting  at  the  lowest  part  was  2™*  13  lower  than  the  general 
level  of  the  ground  immediately  adjacent  to  the  central  stones.  D» 
average  depth  of  the  section  below  tlie  surface  of  the  silting  was  1""37 
and  the  maximum  depth  1*"'77  in  the  N.W.  of  the  cutting.  The  blocks 
pf  limestone  on  the  S.£.  rise  to  a  height  of  only  18  cm.  below  the  sur^ 
of  the  silting.  On  the  £.  and  N.E.  the  median  block  of  limeatooe  which 
ran  aeroea  the  lection  waa  divided  from  the  Umertone  aide  of  the  dikohea 
the  E.  by  a  vein  of  fine  day,  yellowish-brown  on  the  top  and  white  bskw, 
which  oeourredatan  average  depth  of  1°>'22  from  the  surface  of  the  silting: 
The  surface  mould  in  the  middle  of  the  silting  reached  a  depth  of  61  cm. 
below  which  was  the  usual  stiff  clayey  mould  mixed  thickly  with  small 
fragments  of  chert  :  at  tlie  lx)ttom  the  proportion  of  clay  to  mould  in- 
(r0ased»  and  the  silting  beoamemo|«  stfiff  and  moist }  in       at  thebotun 
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had  to  b©  cut  out  in  solid  lumps  with  a  small  spade,  tho  chances  otC 
nding  relics  consequently  being  very  remote;.    The  same  remarks  apply 
>  the  silting  at  the  bottom  of  the  fosse  of  Section  4,  next  to  be  described.*. 

Seotioa  4  niiide  across  the  fosse,  3"**05  in  width,  and  its  extension  - 
viUrsid  to  expote  the  Umestone  tides  and  end  oi  tbeditoh  at  tho  N.K.W.  - 
iMWway,  proTod  to  be  the  iBoet  interaBting  and  prodnotiYe  of  all  the 
itch  cattinga.  The  lint  *  find '  here  was  an  afanott  cifoalar  greyiah-white 
bert  or  flint  end-ieraper,  with  edge  ol  the  usual  semicircular  form.  One 
i  the  side-edges  eaddbits  some  fine  secondary  chipping :  this  edge  would 
rve  admirably  ai  a  knife ;  the  conohoidal  fractofe  nde  is  very  smooth, 
rui  displays  an  extremely  bold  bulb  or  cone  of  percussion,  surrounding 
hii  h  some  nidiating  'tearing'  of  the  surface  of  the  chert  is  well  seen  — 

result  of  a  single  blow.  The  dorsal  ridge  runninp^  along  this  scraper  is 
ell  marked,  and  is  the  result  of  a  blow  delivered  above  the  divisional  line 
I  two  adjoining  and  deep  faccu  of  the  core  from  which  the  scraper  was 
truck  :  it  was  found  at  a  depth  of  4.'i  cm.  (28  on  plan  and  section).  At 
:0  (plan  and  eectioD),  at  a  depth  of  91  cm.,  close  to  the  limestone  side  ol 
he  diteh  at  the  8.K  of  tlie  sectioii,  aboot  two-thirds  of  an  extremely  thin 
ad  ^nely  chipped  flint  arrow-head,  of  a  light  bvownish>gr^  colour,  was 
band :  its  greatest  width  is  21  mm.,  its  greatMt  thickness  2*7  mm.  The  base 
>f  this  delicate  implement  is  of  semicircular  form,  whilst  the  side-edges  of 
iie  perfect  anow*head,  from  the  points  of  greatest  width  to  the  tip,  appear 
0  have  been  quite  straight  :  thus  it  represents  the  lozenge -shaped  form  as 
•fgards  iti  upper  half,  and  the  leaf-nhaped  variety  in  the  lower  half.  On 
he  bottom  of  the  fosse,  at  a  depth  of  1'"'74  (43  on  plan  and  section),  under 
'tiff  clayey  mould,  was  found  the  most  interesting  relic  that  Arbor  Low 
m  yielded  during  these  excavations,  viz.,  a  barbed  and  tanged  chipped 
lirow-head,  of  grey i&li- white  flint  or  chert,'  of  extremely  symmetrical  form 
lad  35  mm.  (1  inch)  long,  a  small  portion  only  of  the  tip  being  deficient ; 
peatcst  width  21*5  mm.,  greatest  thickness  5  mm.  It  is  ftnely  chipped 
Ul  cm  its  snrfsce^  including  barbs  and  tang,  which  latter  are  bevelled  on 
both  faces  from  median  ridges  to  edges,  llie  end  of  the  tang,  which  is 
^ery  slightly  longer  than  the  barbs,  is  also  bevelled.  The  section  across 
the  arrow-head  is  bi  convex,  but  it  is  considerably  flatter  on  one  face  than 
on  the  other.  The  cutting  edge.s  are  slightly  convex,  owing  to  the  fact 
that  the  l)arbs  have  an  inward  carve.  I>oubtless  a  good  deal  of  care  was 
upended  on  its  manufacture. 

Not  far  from  this  beautiful  arrow-hea<^l.  at  a  depth  of  l'"-4G  (37  on  plan 
Mid  section),  a  small  rough  chert  scraper,  with  semicircular  edge,  was 
bond  :  one  edge  is  bevelled  to  a  sharp  chipped  cutting-edge,  and  U)ight 
^ve  served  well  as  a  knife  ;  the  facets  bear  excellent  examples  of  con- 
Mbl  fracture.  In  clayey  mould,  dose  to,  at  a  depth  of  1"*40  (39  on 
and  seetionX  greater  part  of  a  small  horn  of  red  deer,  with  four 
tmes,  in  an  extremely  friable  condition,  was  found ;  indeed  only  a  portion 

one  tine  could  be  preserved.  At  21  on  plan,  depth  30  cm.,  a  doubtfully 
irtificial  chert  borer  and  a  probably  natural  scraper,  were  found.  The 
relics  being  so  few  comparatively,  I  have  been  reluctant  throughout  the 
Pxca\'ation8,  both  in  1901  and  1002,  to  throw  away  anything  that  7n{glu 
^  pronounced  by  greater  expei-ts  on  stone  implements  than  myself  Ui 
^"ar  traces  of  human  agency.   The  surface  of  chert  does  not  seem  to  alter 

^ ¥y  glaM  is  not  of  sufficient  power  to  determine  whether  this^rrow-head  is  ot 
^Krtorffint.  The  same  remark  applies  to  some  of  the  other  implemeDt.<t« 
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like  flint  does  from  exposure  and  age  ;  consequently  it  is  often  difficult,  if 
not  impossible,  to  decide  whether  certain  irActoreB  are  ancieat  or  quite 
recent. 

In  the  extension  cutting  to  the  west  a  greyish-bmwn  flint  lUk-  with 
secondary  chipping  was  found  at  a  depth  of  36*5  cm.  (40  on  plan  andsationj: 
the  beveUed  edge  on  one  side  near  the  top  is  finely  worked  ;  the  bulb  d 
perouflaioii  is  very  pramineiit,  on  which  is  a  well-marked  laocrt^  knm  is 
sdeatlfio  termuiology  as  an  ^mtHutv.^   At  41  (plfta  Kod  section)  ami 
ohert  or  flint  flake  was  found,  depth  12  om.   Iliis  completes  tiie  itooe 
iniplements  found  in  this  part  ol  the  fossa   Of  animal  ramains  a  toolhcf 
sheep  was  found  at  a  depth  of  91  cm.,  portion  of  a  hnmemsol  ok  its 
depth  of  1"^*52,  and  several  small  fmgments  of  animal  bones  at  T«rioa  ' 
depths,  too  minute  and  friable  for  identification.    Not  to  omit  anvtMns.  I 
it  should  be  recorded  that  a  Queen  Victoria  halfpenny,  1867,  was  foti»i  \ 
Iiere  near  the  causeway  at  a  depth  of  9  cm.  below  the  surface  of  the  tarf.  ! 
This  is  not  surprising,  as  a  coin  trodden  into  the  turf  edgeways  »l1  i 
gnulually  work  its  way  dowinvard  a  few  inches  during  wet  weather. 

Four  or  five  photographs  of  this  portion  of  the  re-excavatod  fosse  were  , 
taken,  and  three  sections  were  levelled  and  plotted.  ' 

This  was  the  deepest  portion  of  the  ditch  excavated,  the  msTiMn  ^ 
depth  from  the  snilsce  being  2"-04.  The  bottom  presented  a  veiy  vamm 
svrfsoe ;  in  fact,  no  attempt  whatever  appears  to  have  been  made  to  <ktm 
even  a  reasonably  level  track  along  the  bottom  of  the  fosse.  Tbe  tuat 
remark  applies  to  the  bottoms  of  all  the  other  sections,  with  the  excep- 
tions perhaps  of  the  shallow  cuttings  at  sections  3  and  5  on  the  wp>t, 
I  was  particularly  desired  to  make  observations  on  this  point.  Mr.  S. 
Jackson  recently  found  a  flooring  of  pole,-^  at  tin'  V)ottom  of  a  Bronze  Ac*" 
ditch  at  Fairsnape  Farm,  Bleasdale,  near  Garst^mg.'^  The  bottom 
ditch  cut  in  the  chalk  of  a  Bronze  Age  tumulus  dug  in  1898  at  Wlut- 
combe,  near  Blandford,  by  the  late  and  venerable  Mr.  J.  C.  ilansel- 
Pleydell,  for  over  forty  years  President  of  the  Dorset  Field  Club^  wt 
observed  by  Professor  Boyd  Dawkins  to  be '  smoothed  and  polished  Ws 
a  perfectly  wall-defined  track  by  human  feet  ciiding  round  the  bsnil- 
momad.'  This  'may  have  been  intended  for  a  ceremonial  fHCOoessioD »t 
stated  times  in  honour  of  the  dead.'  *  Chalk  of  course  lends  itself  sd■i^ 
ably  to  being  smoothed  by  the  constant  friction  of  the  feet,  or  em  bj 
means  of  such  primitive  tools  as  were  used  in  the  Stone  Age  ;  wherefti, 
in  the  case  of  the  fosse  of  Arbor  Low,  the  process  of  levelling  or  smoothing 
the  mountain  limesUme  with  its  veins  of  chert,  calcite,  and  otht-r  h.ini 
sub.stances,  would  have  bristled  with  difficulties.  Although  General  l^tt- 
Rivers  never  actually  recorded  tlie  fact,  I  am  able  to  t^tify  that  the 
bottoms  of  several  ditches  surrounding  Stone  Age  and  Bronze  Age  tumuli 
which  he  re-excavat^  in  the  chalk  in  Cranbome  Chai>e  were  perfect 
smooth.  Take,  for  instance,  the  case  of  the  great  Wor  Bsmw  on  Hsailar 
Down,  Dorset :  the  bottom  of  the  ditch  was  quite  even  and  pulhWi 
especially  the  8.W.  and  W.  portions,  where  the  fosse  was  ^*96  diep 
and  measured  6^*40  in  width  at  the  top.^   If  the  record  of  these  fMto 

>  '  Worked  Flint*  from  the  Cromor  Forest  lied,'  by  W.  J.  I-ewis  Abbott,  F.G.S., 
AeUural  Science,  vol.  z.,  pp.  92  aud  U J. 

*  See  Ptofemor  Boyd  Dawkins's  paper  on  the  subject,  IVant,  Ltmt.  Mtd  CM. 

Anfiq.  •'^oc,  vol.  xviii. 

■  Same  paper,  Trarm.  Lane,  and  rhpfh.  Antiq.  Soe.,  vol.  x\iii. 

*  ^p(^vatu^Hf  itt  Cmnbornp  Cha^t  vol.  iv.,  PI.  4^63,  fig.  1,  sad  PI. 
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has  no  other  use,  it  will  at  least  tend  to  impress  upon  exploring  archax)- 
logisbi  that  there  is  yet  another  £eld  of  iu(^uiry  obtainable  in  ditch- 
digging. 

But  to  i*eturn  to  the  Fosse  of  Arbor  Low.  From  the  western  edge  of 
the  original  cutting,  Section  4,  to  the  end  of  the  excavation,  called  '  Ditch 
Extenmon,  Section  4 '  (which  was  extended  to  the  westward  in  search  of 
the  solid  limestone  causeway),  the  rook  sides  shelved  up  very  gradually,  as 
seen  in  one  of  the  plotted  sections.  From  the  S.E.  corner  of  the  cnttina 
and  within  46  cm.  from  the  snvCsce,  a  'spur'  of  solid  limestone  extended 
in  a  N.W.  direction,  sloping  gradnaily  and  meeting  in  the  middle  of  the 
cutting  the  limestone  shelving  up  towards  the  middle  of  the  causeway, 
on  which  long  irregular  Ifnl^jes  eouM  be  clearly  traced  which  might  well 
have  served  as  steps  to  facilitate  the  process  of  ingress  and  egress  to  and 
from  the  bottom  of  the  fosse  before  it  became  illled  or  partly  filled  with 
silting. 

In  the  N.W.  side  of  this  cutting  throuL'li  the  fosse,  miniature  caverns 
occurred  in  the  solid  limestone  sides  of  the  ilitch.  Carefid  search  was  uuide 
here  for  any  objects  that  might  have  been  hidden  at  the  time  the  ditch  was 
open  to  the  bottom  ;  our  efforts,  however,  were  unrewarded. 

Although  the  photogniphs  of  this  part  were  mostly  taken  in  the  rain, 
ihey  well  show  the  form  and  irregnlarities  of  the  sides  and  bottom  of  the 
re-excavated  ditch.  Considerable  traces  of  fire  were  observed  at  the 
bottom  near  the  point  where  the  barbed  arrow-head,  43,  was  discovered, 
and  also  in  the  comer  of  the  cutting  on  the  S.E.^  The  silting,  as  before 
stated,  was  of  the  same  nature  as  in  Section  6  on  the  east. 

This  completed  the  examination  of  the  fosse,  I'G  metres  havinpf  been 
excavated  in  all,  of  the  total  length  of  IG  ")  metres.  In  other  words,  nearly 
one-sixth  of  the  fosse  of  Arboi-  Low  has  been  re-excavated,  and  Hint  im- 
plements only  have  been  found  from  top  to  bottom  of  the  silting.  The 
mean  depth  of  the  whole  fosse  excavated  is  I^^^'IO. 

As  regards  the  arrow-head%  it  is  worthy  of  notice  that  the  barbed- 
sad-tai^ged  specimen,  a  form  generally  considered  to  he  the  most  highly 
developed,  was  found  82  cm.  lower  down  in  the  silting  than  the  arrow-head 
of  leaf-shaped  form,  but  approximating  closely  to  the  lozenge-shaped,  a 
form  which  has  generally  been  regarded  as  an  earlier  form  than  the  barbed 
variety.  It  has  not,  however,  yet  been  clearly  ascertained  which  form  of 
arrow-head  was  first  manufactured,  and  the  matter  is  at  present  surrounded 
^^ith  the  greatest  difficulty,  inasmuch  as  the  triangular,  the  stemmed,  and 
the  leaf-shaped  varieties  are  recorded  as  having  been  found  together  in 
the  same  lo<  ality  and  in  the  same  deposits.  One  form  is  easily  evolved 
from  another,  and  although  General  Pitt-Rivers'  method  of  armnging 
arrow-heads,  showing  the  theoretical  transition  from  one  form  to  another 
is  excellent  in  museum  arrangement,  until  something  more  definite  is 
srrived  at,  yet,  bearing  in  mind  the  records  of  the  circumstances  of  the 
finding  of  ffint  arrow-heads  during  the  last  thirty-five  years,  it  would  he, 
ssSir  John  Evans  has  said  long  ago,  *  unwarrantable  to  attempt  any 
chronological  arrangement  founded  upon  mere  form,  as  there  is  little 

*  Br.  GanoD  has  ingmsted  that  the  traces  of  fire  at  this  point  may  possibly  indi* 
cate  that  this  portion  ox  the  ditch,  which  is  deep  and  would  therefore  afford  some 
shelter  from  wind  and  storm,  was  occupied  by  porsonH  employed  in  fifuarding  the 
circle ;  hence  the  greater  number  of  implements  in  this  section  and  in  the  cone- 
tponding  sectioD  excavated  Utft  year  on  tbe  other  dde  of  tbs  oaaseway.  —JET.  J?. 

'  Colonel  A.  Lane  Fox's  second  Icctoie  on  *  primitive  Ws^rf^*  Ja^,^  V,  Sefv, 
IiiKnl86«.voLxU.,No,I4, 
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doubt  of  the  whole  of  the«e  \  arieties  having  been  in  uso  in  one  and  the 
iame  district  at  tlie  aune  time,  the  foniiB  hSng  to  ■ome  extent  adi^pled  to 
the  flitke  d  flint  from  which  the  arroir-]ieMU  were  made,  and  to  aome 

extant  to  the  purposes  which  the  arrows  were  to  serve.'  * 

The  two  Arbor  "Low  Bpecimens  were  probably  not  used  many  years 
apart,  fur  the  fosse  would,  throughout  its  lower  portions,  and  indeed 
within  30  to  GO  cm.  of  the  present  surface  of  the  silting,  fill  up  somewhat 
rapidly,  particularly  at  the  bottom,  owing  to  the  fact  of  the  aides  ol  the 
ditch  being  exposed  to  the  erosive  force  of  the  atinonhere^  the  aeCum  of 
rain  and  frost,  and  the  consequent  disintegration  of  the  sides.  In  tills 
way  it  will  be  reatUly  understood  that  the  width  of  the  Arlxir  Low  fosse, 
and  ind^l  of  nil  such  ditches,  at  the  top  has  increased  duritig  the  pnjcess 
of  silting  up  and  denudation  of  the  siden,  whilst  the  width  of  the  ditch  at 
the  bottom  would  i-emain  very  umch  the  sauie  as  at  the  time  of  original 
eonstnictioik  Naturally  the  sides  of  some  ditches  would  disintegrate 
much  quid^er  than  others,  the  havoc  pUjed  by  frost  and  rain  would  leave 
its  mark  iniich  more  quickly  in  the  case  of  the  chalk  than  in  that  of  the 
limestone,  and  thus  the  talus  formed  at  the  lx)ttoin  of  the  ditch  would  be 
deposited  much  more  rapidly  in  the  former  than  in  the  latter  case.  The 
talus,  a^i  viewed  by  a  spectator  looking  down  into  the  ditch,  would  have 
a  very  pronounced  concave  sorfaoe^  so  that  when  the  sides  of  the  ditch 
become  covered  op  nearly  to  the  top,  the  depth  of  the  talus  in  the  midiU 
of  the  ditch  would  not  necessarily  be  more  than,  say,  60  cm.  deep  in  the 
case  of  a  fosse  of  the  size  of  thnt  at  Arbor  Low,  After  the  whole 
of  the  sides  became  completely  sheltered  in  this  way,  the  tilling  up  to  the 
present  surface  of  the  central  parts  of  the  ditch  from  natural  causes  would 
be  the  accumulation  of  centuries  of  iiner  material  and  stone  washed  in 
and  blown  in  from  the  surrounding  country.  Until  grass  bei^  to  form 
on  the  vallum  a  more  or  less  lar;^  proportion  of  the  silting  would  be 
derived  from  the  slipping  and  washing  down  of  material  from  the  higher 
ground.  Finally,  when  the  grass  had  begun  to  grow  in  the  fosse,  the 
silting  would  almost  cease  and  the  surface  mould  would  gradually  increase 
in  thickness  as  vegetable  mutter  decayed.  This  mould  would  probably 
form  in  an  increasing  ratio  owing  to  the  greater  luxuriance  of  the  grass 
caused  1^  the  sreater  depth  of  mould  and  the  greater  moisture  in  the 
centre  of  the  oitch.  It  appears  certain  that  these  ancient  ditches,  as 
T  hiive  endeavoured  to  show,  must  have  silted  up  (excepting  the  surface 
mould  <»f  course)  in  a  constantly  and  greatly  diminishing  ratio. 

Now  the  relative  depths  of  these  two  ArlK>r  Low  arrow-heads  does  not 
appear  to  differ  very  remarkably  when  the  formation  of  the  talus  Is  taken 
into  consideration.  The  barbed  arrow-head  being  on  the  boUtmi  of  the 
ditch  and  near  the  middle  would  become  covered  almost  immediately  the 
•fosse  was  allowed  to  silt  up.  The  other  arrow-head  being  found  within 
•3  to  5  cm.  of  the  side  of  the  ditch  at  a  depth  of  91  cm.,  it  will  be  seen 
tthat  it  would  be  deposited  on  the  talus  and  become  covered  very  soon 
after  the  barbeil  arrow-head.  On  the  other  hand,  the  broken  lozenge- 
shaped  arrow-head  was  picked  up  out  of  the  silting  so  veiy  near  the  aetual 
wall  af  the  fosse  that  it  is  just  possible  it  may  have  rested  on  a  small 
ledge  -oi  the  limestone  rock,  bemg  removed  therefrom  by  the  pickaxe  on 
libe  4day  at  disooveiy.   In  any  case  it  may  be  safely  asserted  that  tbsae 

*  AncieiU  Sienc  ImpUmenU  o/  Great  Britain,  ltt72,p.  33(X. 
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mmnr-hMdB  wm  in  we  at  about  the  nine  period,  and  that  the  forms  wew 
oontemporaneotts  j  at  any  rate,  this  instance  renders  it  obvious  that  the 
barbed  or  stemmed  is  not  neoenarily  a  later  form  of  arrow-head  than  th& 

lozenge  or  leaf -shaped  form. 

As  far  as  practicable,  it  was  found  desirable  to  remove  the  silting  of 
the  ditch  layer  hy  layer,  or  spit  by  spit ;  and  in  thia  way  relioi  from  ih» 
Upper  spite  were  discovered  and  reooraed  before  the  lower  parts  were  dug: 
intoi  80  tliat  no  error  as  to  the  depth  of  the  '  finds '  could  possibly  takti^ 
J>lace.  The  method  generally  adopted,  I  believe,  nnd  the  easiest  for  t^^f' 
workmen,  is  to  remove  the  material  in  an  excavation  to  the  bottom  in' one^ 
spot,  and  then  under-pick  the  remainder  of  the  material  it  is  tlesiMd'  to' 
removci  and  let  all  the  earth  fall  to  the  bottom  of  the  excavation..  IKr^ii}^ 
iji  the  relies  in  this  way  lall  to  tiie  bottom  of'  the  hole  bofbrci  they  aro) 
t>bserved,  and  are  recorded  as  being  found  at  the  bottom.  This  luvariablyy 
and  inevitably  leads  to  error  in  assigning  the  various  *  finds'  to  their 
proper  f/isemcnt,  and  valuable  evidence  is  not  only  lost  in  this  way,  but 
hasty  and  inaccurate  conclusioDft  are  often  arrived  at  on  the  merits  ({)  of 
unreliable  records. 

The  SxeavaHon  ihe  VaUunu — ^In  oontinliation  of  Section  4  across 
the  losse,  a  cutting  Z^-W  wide^  was  made  through  the  vallom  on  the 
north.  At  this  point  the  crest  of  the  rampart  is  about  1"*'43  above  the 
*  old  surface  line '  immediately  below  it.  Like  the  section  of  last  year 
through  the  vallum  on  the  N.W.,  this  cutting  yielded  no  relics,  but  proved 
of  interest,  inasmuch  as  it  was  largely  composed  of  huge  boulders  of  lime- 
etone  (maximum  length  1'"'22)  shown  in  the  photographa  No  doubt  these 
boulders  had  been  loosened  in  the  formation  of  the  fosse  and  utilised  lor 
the  oonstruction  of  the  vallum.  The  N.£.  face  of  this  euttiog  was  plotted 
in  section  on  a  scale  of  60  to  1.  Chert  and  calcite  occurred  in  bands  in 
the  limestone  strat^i  here  in  laiipe  quantities,  and  fluor-spar  was  detected 
by  Professor  Boyd  Dawkins.* 

Two  photographs  of  general  views  of  Arbc)r  Low  taken  this  year  show 
the  more  or  less  regular  form  of  the  TaUnm  on  the  W.  and  S.W.,  and  on 
the  other  hand  the  disturbance  of  the  vallum  on  the  S.E.,  caused  not 
only  by  the  constructors  of  the  barrow  on  the  vatlum,  but  further  by  the 
state  in  which  Bateman  left  the  barrow  after  excavation  in  1845.  All- 
along  the  crest  of  the  eastern  and  N.K.  vallum  are  irregular  depressions, 
sufiicient  material  for  filling  which  may  be  observed  at  intervals  in  ledges 
mnd^  patches  along  the  baM  of  the  inner  side  of  the  £.  and  N.E.  vallum, 
<ir,  in  other  words,  along  the  outer  edge  of  the  fosse  In  these  parts.  The  • 
only  leaslhle  explanation  for  this  seems  to  be  that  Mr.  Bateman,  elated  by 
his  success  in  finding  a  cist  in  the  tumulus,  pursued  his  investigations  ♦ 
«long  the  adjacent  crest  of  the  vallum  at  intervals  and  shovelled  the 
xnaterial  inwards  down  the  slope  of  the  vallum  ! 

Trenchinff  fiear  tJut  Stone.». — Three  excavations  were  made  this  year 
"with  a  view  to  ascertaining  whether  holes  existed  in  the  limestone  floor 
in  which  stones  I.,  11.,  and  XXXVII.  originaUy  stood,  but  still  without  - 
satisfactory  results.   The  .various  writers, on  Arbor  Low  diasgrec  as  to  * 
whether  tiie  stones  ori^ally  stood  in  an  *  upright  position,  or  whether  ' 

*  Professor  Boyd  Oewldcs  visited  the  excavat;ionscn  'tune  2.    Mr.  Henry  Balfour  ' 
WSsthe  whole  of  the  same  flay  at  Arbor  Low,  and  a  part  of  tlx?  next.    On  Jane  4 
four  members  of  the  Derbyshire  Archioological  Society  vibiied  the  digging:},  iuclad> 
iug  Vr,  H.  A.  Hubheist^,  Mr.  W.  B.  Biydsn,  sad  Mr.  W.  J.  Andrsw,  F.aA. 
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they  always  laid  Hat  on  the  ground.^  Isaacson  declared  that  they  wera 
never  place*!  in  an  erect  position  ;  Wilkinsnn  and  PogirL-  afisert  the  re- 
verse ;  Pilkingtou  and  Glover  were  '  uncenain  ;  Dr.  lirushlield  app^rs 
to  be  of  opinion  that  the  stones  originally  stood  upright ;  Lord  Aviibary, 
writing  some  twenty-three  years  ago,  stated  cautiously,  'It  is  doohtliB] 
whether  they  were  ever  upright.*  * 

The  first  hole,  '2°^  l  'A  x  1™*37,  was  made  to  the  east  of  and  close  to  Stone 
XXXVII,  There  was  a  well-niurked  depression  in  the  turf  here,  and  the 
stone  has  a  flat  squared  surface  at  the  end.  J  ust  below  the  turf,  depth 
9  cm.  (Plan  35),  a  small  fragment  of  red  pottery,  apparently  Romano- 
British,  was  found,  and  at  34  (plan  and  pnotograph)  a  small  disooidal 
flint  scraper,  31x26*5  nun.  and  7*7  mm.  at  its  thickest  part,  ydlowish- 
brown  and  translucent,  was  found  in  inouM  at  a  depth  of  18  cm.  It  is 
worked  all  round  the  edges  and  on  both  facos,  and  in  addition  all  over  the 
hulb  of  porcussiun  ;  in  size  and  general  character  it  resouibles  the  small 
scrapers  frequently  found  in  association  with  Koman  remains.  A  hole  in  the 
limestone  floor  oertainly  existed  close  to  tlia  K.E.  of  the  stone^  of  more  or 
less  oblong  form,  length  1"**77,  maximum  depth  below  snrihce  of  tarf 
64  em.  This  hole,  however,  appeared  to  me  merely  one  of  the  usual 
natural  shallow  depressions  in  the  limestone,  and  the  excavation  afforded 
no  evidence  of  a  hole  having  been  cut  for  the  reception  of  the  base  of 
a  standing  stone. 

Attention  was  now  tamed  to  the  oentval  stones,  where  a  lam  patch  of 
trenching,  10***68  x  2**13*  was  dvglast  year,  resnlting  in  the  discovery  of 
Uie  extended  human  skeleton  fully  described  by  Dr.  Oarson  and  myself  in 
last  year's  report.  The  S.W.  face  of  Stone  T.  in  the  centre  being  bordered 
by  a  marked  trench  bontuled  again  on  the  west  by  a  slight  bank  or  mound, 
an  excavation  4"' x  1'"  .)U  was  next  made.  Digging  had  evidently  taken 
place  here  in  recent  times,  presumably  by  Bateman  in  1845,  when  he 
Opened  the  barrow  on  the  vallnm  to  the  S.E.  The  rock  was  reached  at  a 
maximum  depth  of  61  em.  below  the  highest  part  <tf  the  turf  and  a  mim- 
mum  depth  of  .'^0  cm.  Early  Victorian  shards  were  found,  and  a  clay 
tobacco  pipe  bowl,  also  nineteenth  century  ;  also  a  flint  flake,  depth  9  cm. 
at  36  oQ  plan,  and  a  fragment  of  blackish  Komano-BritiBh  pottery,  depth 
40  cm. 

A  third  hole,  2«'44  x  l»-37  was  made  at  the  N.W.  end  of  Stone  11., 
nuudmum  depth  76  cm.,  minimnm  depth  52  em..   Ko  evidence  as  re- 
gards the  ori<jrinal  position  of  this  stone.    Whether  it  ever  stood  upright, 
could  not  l3e  adduced  from  this  digging,  and  nothing  was  found  but  a  flint- 
flake  at  38  on  plan,  at  a  depth  of  15  cm.    Time  and  funds  did  not  permit  * 
of  anytliing  further  being  done  in  the  *  centre.* 

KicavcUioiut  in  tfie  small  Dt/ks  connected  with  the  Vcdlum  of  Arbor 
Low  on  the  S.  W* — The  primary  idea  of  excavation  here  was  to  asoertaiii 
whether  the  ditch  of  this  small  dyke,  sometimes  known  as  '  the  Serpent*' 
continued  under  the  rampart  of  the  larger  earthwork,  and  if  possible  to  * 
prove  its  age  by  means  of  any  relics  that  might  ho  found.  Tlie  dircli  on 
the  surface  is  only  marked  by  a  very  slight  dep^e-^.sion,  and  the  rnnipart 
averages  only  46cm.  above  the  level  of  the  surrounding  held.  Doubtless 
the  bank  was  higher  at  the  time  of  ctmstmction,  but  denudation  has 

*  Stons  XTI.  of  my  plan  at  the  present  leans  towirdi  the  K.E.  at  shoot  SS*  cr  4Xfi 

with  the  general  turf  lovcl. 

*  Jtmrn.  JUrit.  Arch.  AtuH}.,  vol.  vi^  oew  sehes,  liH)0,  p.  13X. 
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<lCOurred  and  the  lost  material,  gradually  sliding  down,  has  assisted  in  the 
formation  of  the  siltiiii:^  of  tho  ditch.  A  section,  S^'l.'i  wide,  was  first 
made  rlirough  tlio  hank  and  ditch  at  a  point  51"»'85  from  the  centre  of 
Arbor  Low,  and  within  the  area  of  the  plan.  The  finds  in  ih*-  Jiich  here 
were  : — A  small  worked  flint  flake  of  yellowish- brown  colour  and  trans- 
looent,  depth  37  em.  f32  on  plan  uod  section)  ;  and  a  flint  flake^  depth 
55  cm.  (24  on  plan  and  section).  The  bank  yielded  At  23  a  doubtfully 
artificial  black  chert  borer,  depth  24  cm.  At  27  (plan  and  section) 
depth  27  cm.,  on  the  level  of  the  'old  surface  line,'  a  well-formed  greyish- 
white  chert  or  flint  end  semper,  maximum  lenirth  42  mm.,  width  36  mm., 
thickness  8  mm. ;  both  faces  are  almost  flat,  and  the  bevelled  edge  of 
bone-ahoe  form  it  finelv  chipped,  exhibiting  nans  of  considerable  use. 
At  80  (plan  and  aeotion),  depth  21  em.,  a  greyim  flint  or  chert  lorapcr, 
an  end-  and  side-scraper  combined ;  lengtiii  53  mm^  width  30  mm., 
thickness  at  chipped  and  bevelled  edge,  8  mm.  ;  at  the  opposite  end,  that  is, 
at  the  'bulb'  end,  the  implement  had  been  tinely  worked  to  a  point.  This 
end  and  side  were  probably  used  for  cutting  purposes  ;  the  whole  imple- 
ment, and  especially  the  finely  chipped  semicircular  scraping  end,  is  very 
mooth  and  worn,  indicating  prolonged  use.  Thew  inplementB  (Sob*  27 
and  30)  are  uttdoobCedly  of  tht;  date  of  conttmction  of  tiie  dyke. 

Ko  further  excavation  of  the  bank  was  made,  but  the  exploration  of 
the  ditch  was  extended  for  l'"-37  to  the  north,  and  produced  the  follow 
ing  stone  objects  :  At  25  (plan  and  section)  a  long  greyish-white  chert 
flake,  with  rougiiand  irregular  i>errations  along  both  edces,  depth  61  cm.  ; 
die  oblique  t^  does  not  apnear  to  have  been  worked ;  the  bulb  of 
percuBsion  displays  a  large  ana  well-marked  ^millwre.  At  26  (plan  and 
section)  at  a  depth  of  98  cm.  close  to  the  bottom  of  the  ditch,  a  small 
white  flint  or  chert  knife,  finely  chipped  Hud  of  somewhat  triangular 
fonn,  length  30  mm.,  width  20*5  mm.,  greatest  thickness  7  mm.,  w?vs 
discovered.  It  is  of  an  uncommon  form,  and  at  first  sight  would  pro- 
bably be  included  in  the  category  of  arrow-heads ;  it  is,  however, 
apparently  a  finished  implement,  being  chipped  all  round  the  edges ; 
the  edge  at  base  shows  signs  of  crushing  or  braising ;  one  of  the  side 
edges  is  straight  and  neatly  chipped,  whereas  the  other  is  eOQveac  witJi 
a  finely  worked  bevelled  cuttinij-edge  with  signs  of  crushing  near  the 
base.  On  the  otlier  face  the  concave  edge  hixs  been  considerably  worked  ; 
tbe  bulb  of  percussion  has  also  been  chipped,  leaving  part  of  the 
^raUlure  heet  visible.  This  is  the  most  interesting  implement  found 
outside  tlie  vallum  of  Arbor  Low  during  these  explorations.  Two 
flakes  (not  marked  on  plan)  were  also  found  here,  both  at  a  depth  of 
()  1  cm.  :  one  is  merely  a  long  narrow  outside  flake,  the  other  a  flint  flake 
with  edges  slightly  serrated. 

At  this  point  the  bank  hiul  been  levelled  down,  pi-obably  for  a 
modem  cart-track,  but  it  recommences  and  almost  immediately  terminates 
In  the  vallnm  of  Arbor  Low.  Opposite  to  where  this  oeeurs  another 
small  excavation,  2»'44  wide,  was  made  of  the  ditoh  to  determine  whether 
it  ended  here  or  continued  in  a  northerly  direction  under  the  vallum  of 
Arbor  Low.  The  ditch  shelved  up  gradually,  and  the  rock-end  was 
found,  i\s  shown  in  a  poor  photograph  outside  the  vallum,  thus  proving 
tliat  this  little  earthwork  is  of  the  same  period  of  construction  as 
Arbor  Low  or  later;  but,  judging  from  the  relies  discovered,  it  would 
appear  to  be  of  about  the  same  date  as  Arbor  Low  itself.  In  this 
latter  ezeavatioo  a  calcined  chert  scraper  was  found  at  a  depth  oi 
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27  cm.  (31  on  plan  and  section) :  this  implement,  which  was  formed 
from  an  ouUide  flake,  has  a  pronounced  and  straight  donal  lidge, 
the  section  across  the  wraper  being  triangular.  At  32  s  nuall  eloogat^ 
nMfOW  Mock  chert  end-scraper,  worked  also  on  both  tides,  was  foiino» 
depth  40  cm.  ;  and  at  33  a  black  chert  flake,  depth  55  cm. 

The  average  depth  of  this  little  ditch  benf>ath  the  surface  was  91  cm., 
the  width  at  top  2"-44.  The  chief  photograpii  of  this  digging  taken  from 
the  south  was  unfortunately  a  failure,  but  the  four  sections  have  been 
levelled  and  plotted,  scale  60  to  1.     .     ,      ,  .      ^  ^ 

Nummary. — ^During  the  fonr  weeks  that  the  excavations  have  been 
in  progress  in  1901  and  1903  no  metals  have  been  found,  nor  any  traces 
of  fictile  ware  that  could  1)e  assigned  to  the  date  of  construction  of 
Arbor  Low.  In  all,  six  sections  have  been  cut  through  the  fo&se,  with 
cxtensiojis  of  Sections  2  and  4  to  expose  the  Holid  sides  of  the  northern 
causeway,  25«"94  of  fosse  iu  all  ;  two  cuttings  have  been  made  thrmigb 
the  vallum  ;  four  patches  of  teenohing  of  varying  dhnensions  have  been 
excavated  in  the  interior,  the  primary  idea  of  which  work  was  to  en- 
deavour to  find  holes  in  which  some  of  the  stones  could  have  Rtocxl  ;  nnd 
of  the  small  dyke  to  the  S.S.W.,  i'"-!^  of  rampart  and  G  metres  of  dit<;h 
have  been  examined.  The  number  of  relics  found  has  certainly  lj>een  dis- 
appointing, and  yet,  on  the  other  hand.  Arbor  Low,  not  liaving  been 
a  habitation,  and,  from  negative  evidence,  appearing  not  to  have  been 
a  place  of  sepulture  in  the  Stone  Ago^  I  do  not  know  that  more  relics 
could  be  expected  under  the  drcomstanoes.  Nothing  Roman  has  been 
found,  except  three  small  fragments  of  wlmt  appears  to  be  Romano- 
British  pottery,  just  below  the  turf  in  the  interior.  As  is  well  known, 
flint  scrapers  11  rr  fret [uently  found  in  association  with  Bronze  Age  and 
Roman  remains,  but  here  they  are  found  deep  in  the  siltinff  of  the  foss^ 
only  in  association  with  other  mde  stone  implements  and  chipped  flint 
arrow-heads  of  Neolithic  form.  The  majority  of  the  implements  found 
appear  to  the  naked  eye  to  be  of  chert,  which  is  only  what  one  would 
expect,  seeing  tiiat  it  is  native,  and  an  excellent  substitute  for  flint, 
which  had  to  be  brought  probably  from  some  considemble  distance.  No 
polished  implement  or  f ragmen U  have  been  discovered.  Chipped  celts 
«nd  fragments  are  conspicuous  by  their  absence. 

Kr  John*£vans  states  that  Mr.  J.  F.  Lucas  had  a  roughly  chipped 
•oelt^  10  cm.  long,  from  Arbor  Low  but  no  record  of  ite  gisement  appears 
to  have  been  preserved.^  Sir  John  also  mentions  the  finding  of  a  rare 
ionn  of  circular  knife  ^  at  Arbor  Low  in  1867,  likewise  in  Mr.  Lucas* 
•collection  ;  and  in  addition  he  figures  a  finely  chipped  flint  blade,^  15  mm. 
long,  found  at  Arbor  Low  in  Juno  1865  (Lucas  collection).  Jewitt  has 
engraved  the  same  implement  full  sise  ;  *  and  this,  with  the  circuUr  knile 
.Almdy  referred  to,  as  well  as  a  smaller  knife  of  the  same  kind,  4-7  cm. 
in  diameter,  is  now  in  the  British  Museum. 

Arbor  T^w  is  therefore  of  such  precise  age  ;ia  the  barljed  arrow  head 
•may  be  assigned  to,  it  having  been  found  on  the  bottom  of  the  deepest 
portion  of  the  fosse.  For  rciw»onb  before  stated,  it  has  been  shown  that 
the  barbed  form  of  arrow-head  does  not  necessarily  and  exclusively  lead 
•one  to  assign  an  earthwork  in  which  such  an  arrow  head  is  found  to  the 
•end  of  SeStone  Age^  or  to  the  traasitioDal  period  between  it  and  the  age 

^  Ancient  Stone  Iinph>i'rnU^\%l'i,y,9ik,  -  Op.  cit p.  206. 

■  Ofi.  eit^  p.  316,  fig.  l*tiT.  *  Orarc  MoHtutt,  fig.  165. 
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when  bronae  wm  in  general  vie.  Judging  from  mtrions  finds  of  atone 

•rrow-heads  of  the  barbed  fonn,  although  they  are  generally  regarded  as 
a  late  development  in  the  Neolithic  Age,  they  may  probably  have  been  in 
use  in  some  districts  about  the  middle  of  that  age.  The  absence  of  finds 
on  the  old  surface  line  under  the  vnllum  in  the  parts  examined  unfortu* 
nately  does  not  help  towards  the  solution  of  the  problem  of  the  date  of 
oonstiturtioii  of  thla  fine  oinde  of  stonei.  Whikfc  still  bearing  in  mind 
that  Arbor  Low  has  not  been  disproved  to  be  of  early  Bronse  Age  date^ 
no  bronze,  as  before  mentioned,  has  been  foan4  >  so  that  the  balance 
weigh.s  in  favour  of  Arbor  Low  being  of  Neolithic  construction  ;  hut  such 
a  conclusion  is,  admittedly,  only  deduced  on  somewhat  meagre  evidence  as 
r^^rds  the  quantity  and  nature  of  the  relics  found.  Finally,  the  evidence 
of  Neolithic  construction  obtained  last  year  has  nut  been  largely  increased, 
this  year,  but  it  has  been  greatly  strangtliened. 


It  is  vnneoessary  for  the  Committee  to  deal  with  the  finds  of  this  year 
in  detatli  as  Mr.  Gray  has,  in  the  preceding  report,  amply  described  the 
various  objects  discovered  during  the  diggings.  Undoubtedly  the  interest 
oentres  mainly  round  the  finding  of  a  typical  '  tanged  and  barbed '  flint 
arrow-head  at  the  bottom  of  the  fosse  at  a  depth  of  over  l'"-70  below  the 
present  level  of  the  silting.  This  form  of  arrow-head,  being  usually  believed 
to  be  a  kUe  development  in  Keolithie  fiint  working,  points  to  the  probability 
of  tJie  constmction  of  the  fosse  and  vallum  not  being  referable  to  a  date 
eauiier  than  the  late  Neolithic  period,  and  thus  a  time^imit  in  one  direction 
seems  to  be  fairly  established.  There  were  no  indications  that  the  arrow- 
head may  have  reached  its  position  at  a  date  long  subsecjuent  to  the  for- 
mation of  the  fosse.  It  is  well  known  that  the  frequent  use  of  implements, 
arrow-heads,  scrapers,  and  the  like  of  flint  persisted  far  into  the  Bronze 
period,  and  to  some  extent  even  later,  and  that  the  *  tanged  and  barbed ' 
type  of  flint  arrow-head  is  very  frequently  found  associated  with  Bronze  Age 
finds.  While,  then,  it  must  be  admitted  that  the  series  of  flint  and  chert 
implements  discovered  tn  «i<u  at  Arbor  Low  cannot  claim  per  an  to  establish 
a  Neolithic  date  for  this  monument,  it  should  be  home  in  niind  that  the 
total  absence  of  objects  of  bronze  or  other  metal  which  characterised  the 
ftida  of  last  year  has  persisted  as  a  noteworthy  feature  of  this  yearns 
resalts ;  and,  in  view  of  the  extent  of  the  area*  examined,  this  ahsenoe  of 
metal  has  some  significance. 

If,  on  the  one  hand,  the  results  so  far  obtained  go  to  show  that  the 
construction  of  Arbor  Low  stone  circle  should  probably  not  be  referred  to 
an  earlier  date  than  the  later  portion  of  the  Neolithic  period,  there  are 
reasons,  on  the  other  hand,  for  believing  that  it  should  not  be  placed  later 
than  the  earlier  portion  of  the  Bronse  Age^  Theabsenceof  metal  of  any  sort 
amongst  the  finds  must  be  taken  as  a  clue  only  at  the  value  of  negative 
evidence,  but  it  may  be  a  fair  deduction,  in  the  light  of  this  evidence,  that 
if  bronze  were  in  use  at  all  at  the  time  of  construction  there  was  at  least 
no  abundance  of  the  metal,  and  that  great  care  was  exerciser!  in  avoiding 
the  loss  of  piecM  of  metal  during  the  work  of  digging  the  io^Q  and 
Mlding  the  vaUnn,  and  this  may  perhaps  of  itself  point  to  a  time  when 
tiie  BroDso  Age  was  in  its  infancy,  and  when  metal  was  far  soaroer  and 
more  precious  tfaan  it  became  later  on.  A  muoh  more  important  piece  of 
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evidenoe,  however,  is  thftt  to  wliich  reference  was  made  in  the  Mporfc  9§ 

the  Committee  for  last  year,  viz.,  that  a  Bronzo  Age  tumulus  was 
certainly  constructe<l  out  of  material  dcHved/rom  a  portion  of  tlui  original 
structure  of  the  earthwork  encircling  the  stone  circle.    For  reasons  given 
in  last  year's  report,  it  aeemt  hir  to  aesome  that  the  tumulus  most  be 
oonndttrably  kter  than  the  circle^  and,  in  view  of  this  piece  of  evidoiieei 
it  IS  reasonable  to  assign  the  date  of  oonstraction  of  the  drole  to  *  period 
7iof  Int-er  than  the  fiarhj  Bronze  Agf.    Tf,  as  lias  been  urged  by  some^  the 
finds  from  the  tumulus  are  thoinsclves  to  be  regarded  as  belonging  to  the 
early  Brou/c  period,  then  the  prolmbility  of  the  circle  being  of  Neolithic 
date  is  much  increased.    The  discovery  of  red-deer  antlers  in  two  portions, 
of  the  fosse  may  point  to  their  having  been  employed  for  purpo^si  <if 
excavation  ;  a  practice  which  was  oertainly  %  common  one  in  NftuMtiiip 
times.    Unfortunately  the  fragmentary  nature  of  the  hom«  dUoovered 
prevents  there  being  any  certainty  as  to  their  having  been  so  used,  and 
their  presence,  while  possibly  having  some  significance,  cannot  be  advanced 
as  important  evidence. 

On  the  whole,  therefore,  the  evidenoe  eofftr  acquired  seems  to  indicate 
that  the  ^te  of  oonstmction  of  Arbor  Low  stone  cii<^  should  be  located 
within  the  period  covered  by  the  Late  Neolithic  and  Early  Bronse  pefiod& 
Tt  M'onlfl  probably  be  unsafe,  (m  the  available  evidence,  to  attempt  a  closer 
approximation,  since  the  greater  part  of  the  monument  still  remattis 
unexplored. 


On  Exphratio7is  at  Kmsi^Oii  in  Crde, — Report  of  the  Commiileef 
conmstinrj  of  Sir  John  EVA^8  {Chairman)^  Mv.  J.  L.  MYBi^a 
(Secretary)^  yir.  A.  J.  Evans,  Mr.  D.  G.  Hogahth,  Professor 
A.  Macalister,  aiid  Professor  W.  Ridgeway.  {Drawn  up  by  Mr. 
A.  J.  Evans.) 

The  work  at  Knossos,  which  was  begun  on  F(  brufiry  12  last  and  was 
continued  until  the  end  of  June,  has  been  fertile  in  results  beyond  all 
anticipation.  It  seenuni  at  tirst  destined  to  be  rather  a  campaign  of 
finishing  up  and  of  rounding  oil'  a  fairly  ascertained  area.  But  besides 
the  chambers  t^t  remained  to  be  explored  immediately  eontignons  to 
the  Hall  of  the  I>ouble  Axes  and  that  of  the  Colonnades,  excavated  last 
year,  the  whole  building  was  found  to  have  a  considerably  larger  exten- 
non  on  the  eastern  side  than  had  been  expected.  The  building  was 
thus  seen  to  have  climbed  down  the  slope  in  de^scending  terraces  to  a 
point  some  SO  metres  east  of  the  northern  entrance. 

Considerable  remains  were  nnoovered  of  the  eastern  bonnduj  wall^ 
or  rather  of  four  separate  walls  in  immediate  contiguity  to  each  o4heiv 
The  'Hall  of  the  Double  Axes,'  excavated  last  year,  was  found  to  have  a 
double  portico  at  its  farther  end  facins:  both  south  and  east.  In  the 
south  wall  of  this  meyaron  there  luul  been  visible  last  year  a  doorway 
leading  to  a  tinely  paved  passage  with  a  '  dog's  leg '  turn  so  constructed 
as  to  ensure  the  'privacy  of  the  chamber  beyond.  The  chamber  thus 
approached  has  proved  to  be  of  quite  origiBal  oonstmotioo.  It  is  flvilBed 
on  two  sides  by  a  stylobate,  which  also  served  as  a  bench,  betwtiii  the 
pfllars  of  which  1ig}it  was  obtained,  on  the  one  side  from  a  portico  with 
two  ool^inm-bases,  on  the  other  from  an  area  the  larthec  wail  ol  whioh 
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atapptd  baeik  so  as  to  €iinvt  tha  Mter  fitting  ol  the  oliuibet  williiii. 

On  the  weefc  side  of  thia  room  is  a  balustrade^  with  an  openiug  giving 
across  to  a  small  bath-chamber.  Above  the  gypsum  lining-slab  of  thia 
bath-room  a  fine  painted  frieze  of  spirals  and  rosettes  was  found  still 
clinging  to  the  wail.  Hemains  of  a  painted  terrd.-cotta  bath  were  found 
near. 

Anolhar  interaifciBg  featafa  of  Hm  new  msgairon  itaelf  waa  a  amaU 
privaito  staircase  in  its  north  wall,  leading  up  to  the  thalamoi^  or  bedrO(NQB% 
above.  Of  the  wall-paintings  that  had  originally  adorned  the  mtgaron 
and  its  columnar  fore-hall  some  important  remains  were  discovered, 
including  quite  an  aquarium  of  fish,  with  parts  of  two  dolphins.  This 
discove^  supplies  the  countecpart  to  the  fine  fiah-iresco  brought  to  light 
\rf  the  Britiah  loiiool  at  HijUii|)^  and  the  latlar  woric  mttit  ha  now 
definitely  reoogniBBd  aa  a  prodneb  of  the  Knoeiian  iohool.  One  rvy 
characteristic  feature  is  oonuaon  to  both  works.  As  the  different  tonea 
of  blue  had  to  be  mninly  reserved  for  the  fish  themselves,  and  in  order 
to  give  them  greater  relief,  the  ground  wais  left  white,  and  the  sea  water- 
gracefully  indicated  by  azure  wreaths  and  coils  of  dotted  spray. 

Here,  too,  was  also  found  the  upper  part  of  a  lady  in  a  yellow  jacket 
and  light  diaphanona  reit^  whoie  flying  treiaei  tiiggeat  vxdent  action* 
It  had  pOMlbly  bdonged  to  a  scene  from  the  tndl-ring.  Another  frag* 
ment  found  here  shows  a  smaller  female  figure,  nearly  naked,  springing 
from  aboA'e  and  seizing  the  horn  of  a  galloping  bull  like  the  figure  from 
Ti ryns.  It  has,  moreover,  been  jjossiblc  to  put  together  a  large  part  of 
a  painted  panel,  found  in  1901,  giving  a  highly  sensational  suene  from  a 
Minoan  dreiia  ahow.  A  Myoenaan  oowboy  is  eeen  turning  a  aomerBanlb 
over  tha  back  ol  a  chaiging  bull,  to  whose  horns  in  front  dings  a  girl  in 
bo/s  costume  ;  while  another  female  toreador  behind,  in  similar  deahabille^ 
stands  with  outstretched  arms,  as  if  prepared  to  catch  her  as  she  is  tossed 
over  the  monster's  back.  The  whole  is  a  tour  de  force  of  the  Minoan 
arena.  Among  other  fresco  remains  were  naturalistic  foUa^^  and  lilies, 
and  in  a  gallery  east  of  the  Hall  of  the  Double  Axes  fine-veined  imita- 
tions of  marble  blocks.  A  Tery  suggestive  piece  ol  wall-painting,  also 
fMmd  on  this  side,  consists  of  a  snccession  of  mazes  more  elaborate  than 
those  on  the  later  coins  of  Knossos,  and  sliowini];  that  the  prototype  of  the 
labyrinth  in  art  goes  back  here  to  prehistoric  times.  Throughout  all 
the  region  of  the  great  south-east  halls  it  has  l)een  possible  to  support  a 
large  part  of  the  upper  storey,  and  a  most  elaborate  system  of  drainage 
has  been  loond,  indnding  latrines  with  flush-pipes  and  draans  of 
advaneedeaaatraotion,  togsuar  with  a  succession  of  stone  shafts  descend- 
ing from  the  upper  floors  to  a  network  of  stone  conduits  beneath  the 
pavement  of  the  lower  rooms,  large  enough  for  a  man  to  make  his  way 
along  them.  Removal  of  some  later  constructions  has  greatly  modified 
the  northern  entrance  passage,  which  now,  witU  its  massive  western 
bastion,  has  a  very  stately  iqppeaeanoe.  Oatdde  thia  have  baen  brought 
out  the  remaina  of  a  consideiable  portioo^  induding  the  bases  of  a  series 
of  laige  piers. 

Large  fresh  deposits  of  inscribed  ta"I>1<>ts  have  come  to  light,  the 
general  purport  of  which  wa«  shown  by  the  apj)earance  of  certain  ideo- 
graphic signs,  such  as  swords  and  granaries,  and  those  indicative  o£ 
persons  of  both  sexes.  The  largest  deposit  referred  to  percentages — some 
with  the  throne  and  sceptre  sign  before  the  amount— apparently  rsooiding 
'  tha  King'a  psrtnn.  A  piaoa  ol  a  If yosuoHi  p^intod  vase  with  linear 
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characters,  and  two  cups  with  iDScriptions  written  within  thorn  in  a  kmi 
of  ink,  supply  wholly  new  classes  of  written  dooamenta.  Great  nomlMt 
of  tUmy  iaM-mipreenoiii  were  ako  brought  out,  mdading  s  fiti§pMBk  d 
one  tUmped  by  a  late  Babylonian  ^^Hnder.  In  mamones  bolov  the 
later  palace  level,  and  belonging  therenire  to  an  earlier  boilding,  ooeured 
ieal-impre88ions  with  pict<^;raphio  signs,  a  striking  evidence  of  the 
anteriority  o£  this  system  of  writing  on  the  palace-sile  dt  Eamm, 
Interesting  new  materials  have  also  accumulated  bearing  on  the  raetric 
qrstems  employed,  and  even,  it  would  seem,  on  the  origin  of  coinage. 

Among  the  finds  of  smaller  objects  two  stand  out  respectively  as  o< 
first-rate  importance  in  the  history  of  architecture  and  sculpture.  Cbe 
of  these  was  the  discovery  of  parts  of  a  large  mosain  consisting  of 
porcelain  plaques,  a  series  of  which  represent  the  fronts  of  iioases  of 
two  or  three  storoys.  Fragmentary  as  most  of  these  were,  it  was  pooUi 
to  reoonstitiite  a  fiur  nnmMr  with  abeolnte  eertainty,  and  thus  to  iMonr 
an  idmost  perfect  pictore  of  a  street  of  Minoan  Kniissoa  in  the  Biddsof 
the  seoona  millenninm  before  onr  era.  The  difibrent  parts  of  the  cos- 
struction— masonry,  woodwork,  and  plaster — are  clearly  reprodoced,  tsi 
the  houses,  some  of  them  with  two  doorways,  with  windows  of  four  and  sii 
panes — oiled  parchment  being  possibly  used  for  glass — are  astonishinglj 
modem  in  their  appearance.  Other  plaques  found  with  them  sh-w 
warriors  and  various  animals,  a  tree,  a  vine,  and  flowinp:  water,  so  tii»t 
the  whole  seems  to  have  been  part  of  a  large  design  analogous  to  that 
Achilles'  sliield.  The  other  find — made  towards  the  close  of  the  excavt- 
tion — which  throws  a  new  light  on  '  the  art  of  Daedalos,'  is  the  discorwy 
of  remains  of  ivory  figurines.  These  are  carved  in  the  round,  the  limbi 
being  jointed  together,  and  mem  to  have  represented  y  outiis  in  the  set  cf 
springing,  like  the  oowboys  of  the  freiooes.  Th^  lifis  and  bsbnei  flf 
the  wholes  the  modelling  of  the  limbs,  and  the  exquisite  lendrng  d 
details,  such  as  the  muscles  and  even  the  veins,  raise  these  irory  statoettts 
beyond  the  level  of  any  known  senlpture  of  the  kind  of  the  period  to 
which  they  belong.  The  hair  was  curiously  indicated  by  means  of  spiral 
bronze  wires,  and  the  amount  of  gold  foil  found  with  them  sucrijesta  that 
they  had  been  originally,  in  part  at  least,  coated  with  gold — in  *hich 
case  they  would  have  been  early  examples  of  the  chryselepbantiiic 
process.  Some  beautiful  examples  of  goldsmiths'  work  were  also  found- 
a  small  gold  duck  with  iiligree  work,  a  miniature  gold  lish  ex^uisitel/ 
chased,  and  a  spray  resembling  fern-leaves. 

The  new  matenals  bearing  on  the  local 
rich.  Benudns  of  a  miniature  temple  of  painted  tenra-oottni  withdow 
perched  above  the  capitals  of  columns,  oocnrred  in  a  stimtnm  bek»igiDgto 
the  pre-Myceniean  building.  In  the  later  palace  a  aeries  of  finds  ilios* 
trated  the  '  baetylic '  cult  of  the  Doable  Axe  and  its  associated  ditinitic^ 
A  gem  showed  a  female  figure— apparently  a  goddess — bearing  this 
sacred  emblem.  But  more  important  still  was  the  discovery  of  .111  actual 
shrine  belonging  to  the  latest  Mycenaian  periml  of  the  palace,  Nvit 
tripod  and  other  vessels-of-oflering  still  in  position  before  a  base  upon 
which  rested  the  actual  cult  objects,  including  a  small  double  axe  <^ 
steatite,  sacred  horns  of  stucco  with  sockets  between  them  for  the  waod«i 
shafts  of  Other  axes,  terra-cotta  tiffures — cylindrical  below — of  a  godidiM» 
in  ale  witii  a  dote  perched  on  her  head,  and  of  m  male  votttj 
iifti  iiig  a  dovOk 

The  actual  discovery,  within  the  palace  wills,  of  a  thrine  of  the  Do^ 
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Axe  mast  be  regarded  as  a  striking  corroboration  of  the  explorer's  views 
M  to  ite  icienti&ation  with  ilie  teaditUnud  Ubjfrmthy  and  of  the  pliilo* 
logieftl  eonaeetion  of  the  latter  with  the  lahrys,  or  donhle  i|xe,  arrived  at 
independently  by  Max  Meyer  and  KretBohmer  on  philologioid  groundf. 

One  very  important  result  of  this  year^e  excavations  has  been  the  dis- 
covery of  a  whole  system  of  chambers  and  magazines  below  the  level  of 
the  later  building.  This  shows,  as  is  also  proved  by  the  abundance  of 
re-used  blocks  with  more  primitive  signs,  that  an  earlier  palace  had 
existed  on  the  site.  The  magazines  belonging  to  this  earlier  building 
were  full  of  the  remains  of  painted  pottery  belonging  to  the  purer 
*  Kainares  '  class,  and  of  finer  fabric  than  the  more  transitional  and  later 
offshoots  of  the  class  found  in  some  magazines  brought  to  light  this  year  in 
the  south-east  quarter  of  the  second  palace.  Some  of  the  earlier  painted 
TBMB  fovnd  in  the  magazines  of  this  lower  building  are  of  an  egg- shell- 
like  Unenew  of  fabiioi  an  elegance  <^  shape,  and  delioaoy  of  eolottring 
that  waa  never  certainly  surparaed  in  the  whole  histonr  of  oeramio  mann* 
fscture.  Many  are  embossed  in  evident  imitation  of  metal*work.  We 
have  here  the  proof  of  a  highly  developed  '  Minoaa '  cultnre  going  baek 
St  least  to  the  middle  of  the  third  millennium  B.C. 

Below  this  *  first  palace  'structure,  again,  the  remains  of  the  extensive 
Neolithic  settlement  that  underlies  the  whole  site  everywhere  came  to 
light  A  considerable  harvest  of  stone  implements,  primitive  pottery, 
and  *  idols '  of  clay,  marble,  and  shell  was  obtained  from  this  Neolithic 
deposit.  Fragments  of  obsidian  vases  derived  from  the  first  palace  are  of 
the  Liparite  type,  unknown  in  the  ^gean,  and  must  have  been  imported 
from  Ihe  Italmn  island. 

Owing  to  the  constant  need  of  propping  up  the  upper  storeys  and 
mpporting  temoes^  much  of  the  work  has  been  of  a  difficulty  and  at 
tioeB  dangeiroas,  nature,  entailing  a  vast  amount  of  actual  construction 
in  wood,  atone,  and  brick.  The  shrine,  like  the  Throne  Room,  had  to  be 
roofed  over.  Vast  masses  of  earth  had  also  to  be  removed  from  parts  of 
the  site,  and  nearly  250  workmen,  including  over  a  score  of  masons  and 
carpenters,  were  constantly  employed.  Throughout  the  whole  Mr.  Evans 
had  the  devoted  assistance  of  Dr.  Mackenzie  in  superintending  the 
excavation,  and  uf  Mr.  Fyfe  on  the  architectural  and  engineering  side. 

The  excavation  of  the  south-east  corner  of  the  palace  has  still  to  be 
completed,  and  some  works  of  delimitation  must  be  carried  out  in  other 
directions.  The  search  for  tombs  must  certainly  be  renewed,  and  the 
lover  palaoe  strata  have  also  still  to  be  explored  at  several  points^  and 
more '  JKaseUes '  opened.  Oontinned  researehes  into  the  Neolithio  deposit 
are  slso  desirable,  as  well  as  the  examination  of  some  nei||^boiirtng 
buildings.  Unfortunately  the  total  amount  that  the  Cretan  Exploration 
Fund— including  the  British  Amociation  grant — was  able  to  contribute 
towards  the  year's  expenses  has  again  fallen  fax  short  of  what  the  explorer 
has  found  it  necessary  to  expend. 

[A  fuller  preliminary  account  of  these  excavations,  with  illustrations, 
will  appear  in  the  '  Annual  of  the  British  School  of  Archieology,* 
vol.  nil.,  and  a  complete  account  o£  the  whole  Palace  of  Knossos  in  an 
indepeudent  volume  eventually.] 
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Woirlc  of  the  Mamynalian  Heart. — Report  of  Hie  Committee,  eonfMnff 
Professor  J,  G.  McKkndrick  (Chairman),  Dp.  T.  G.  Blow 
(Secretary)^  and  Professor  W.  H.  Thompson,  appointed  to  A^ih 
ike  Fewer  of  the  Manvmalian  Heart  for  performing  WoA:  untda 
rarifing  External  Conditions  aind  wider  the  Ivfimm  of  Bnfk 
{Drawn  up  hy  the  Secniary,) 

A  8BRIE3  of  exporinients  have  been  performed  upon  the  mammalian  hesirt 
isolated  by  a  special  method,  in  which  the  work  is  measured  by  rec\trd- 
ing  the  oatput  of  the  heart  when  it  is  made  to  work  against  a  Mntet 
pressure.  It  was  found  neoessary  to  detemuno  variations  in  the  viaiiqi 
capacity  of  the  heart  when  the  presiiire  against  which  it  woilcs  vsriot 
for  this  leads  to  an  alteration  in  the  flow  through  the  coronary  ves**^ 
which  in  turn  leads  to  ohMiges  in  the  working  capaeity.  The  e^cn- 
ments  of  this  clan  are  not  yet  completed. 

The  influence  of  ann-sthotics  upon  tho  isolated  heart  working  again^ 
a  constant  pressure  have  also  been  investigated.  Chloroform  ha-s  a  ni"^ 
marked  depressant  action  upon  the  heart.  The  work  performed  falls  id 
amount  very  rapidly,  and  may  altogether  cease.  Kther  has  a  preliminary 
stimulant  action  upon  the  heart,  followed  by  a  depressant  effect.  Tut 
depressant  effect  is  never  so  marked  as  with  chloroform,  ami  witli 
ordinary  doses  is  only  slight.  Suprarenal  extract  has  a  most  BMiked 
ftinmlaiit  eflbet  upon  the  Isolated  heart ;  it  aervea  aa  a  powerfnl 
dote  to  the  depressant  action  of  chloroform.  The  ea^erimenti  snitS 
in  progress, 


TJie  Micro-Chnmhtri/  of  Cells. —  Report  of  the  Committee,  cov^ii^uPi 
Pi^fessor  E.  A.  Schaker  ((^hninnan),  Professor  A.  B.  Macall::»i 
(Sf^rrrtari/),   Professor  E.    Ray  Lankestek,  Professor  W.  D. 
Hallimuktox.  ;Mr.  G.  C.  BouaNE,  and  Profeasor  J.  J.MACKENZiL 
(Drawn  up  by  Hue  (Secretary,) 

Thb  Committee  beg  leave  to  report  as  tollows  : — 

1.  The  work  of  the  previoii.«>  vonr  on  the  micro-chemical  lof^nlisatkffl 
of  the  oxidising  ferments  in  the  algw  was  completed|  and  the  results  »« 
now  reiwiy  for  publication. 

2.  A  number  of  ol>servations  were  made  to  determine  if  in 
protophytan  cell  the  calcium,  potassium,  sodium,  and  magnesium  are  in 
masked  condition.  For  this  purpose  the  larger-celled  species  of  Spirogrn 
were  employed,  and  the  result  was  that  the  lonr  elements  mentkiied  ««« 
lonnd  in  tm  a^  from  the  cytoplasm,  nnelens,  and  chromatophore  of  thoe 
organisms,  as  well  as  in  the  cell  membrane  ;  but  it  is  only  in  the  Utt^ 
that  they  can  be  demonstrated  during  the  life  of  the  cell/  ImmsdisMf 
on  the  occurrence  of  plasmolysis,  or  on  killing  the  cytoplasm  and  nncktt 
the  potassium  and  the  calcium  can  be  indicated  in  the  plasmolvW 
spherules  and  in  the  dead  cytoplasm  and  nucleus.  It  is  thus  shown  that 
during  life  these  elomentR  are  coinbined  in  some  manner  which  masks 
their  presence.  Tn  resfard  to  magnesium  and  sodium  no  conclusion  could  l« 
reached,  on  account  of  the  fact  that  for  these  elements  there  are  notais 
as  distinct  or  w  mi^rl^ed  as  those  which  serve  for  the  micro-chemici^ 
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detection  of  potassium  and  calcinm.  It  was  also  found  that  the  iron 
present  does  not  become  demonstrable  readily  in  dead  nuclei  orljplasmo- 
Ifwed  oeUs  until  they  are  allowed  to  nodergo  a  long  contimied  deoom- 
{MMition  iu  distilled  water.  This  vrovHd  seem  to  indicate  that  the 
combination  which  occurs  in  the  case  of  calcium  and  potassium  with  the 
living  matter  is  very  different  from  that  obtaininf^  between  tlio  iron  and 
the  nucleo-proteid,  chromatin.  Everything  points  to  the  iron  being 
a  definite  part  of  the  nubleo-oroteid  compound  during  life.  It  i&  poo&ible, 
on  the  other  hand,  to  explain  the  masked  condition  of  calcium  and 
pol  \M«mi  dntiag  as  dne  to  their  existence  as  free  ions  protected  hj 
Ifeie  living  substance  from  the  ordinary  chemical  reactions. 

3.  In  relation  to  this  investigation,  but  also  as  the  result  of  an 
investigation  on  the  composition  of  the  Medusee,  Aurelia  and  Cyanea,  in 
relation  to  the  se^  water  in  which  they  occur,  it  was  found  that  the 
'jelly*  (or  Mesogluia  of  Buume)  in  these  forms  is  fundamentally  an 
infimtedmally  fi^  network  of  an  albuminoid,  '  discin/  in  the  medi  ^aoes 
of  which  are  contained  all  fluid  and  salts  derived  from  the  sea  water. 
The  albuminoid  as  it  exists  in  this  network  is  distinct  from  inorganic 
substancef?,  and  alcoholic  specimens  of  the  'jelly '  when  acted  on  by 
distilled  wat^r  for  several  days  give  only  a  trace  of  ash.  The  mesogloea 
iS)  therefore,  in  no  sense  a  true  jelly.  It  may  be  that  the  optical  appear- 
ance of  a  network  is  really  the  expression  of  a  foam-like  structure,  and 
Unit  thvi  the  *  jelly '  is  an  emulsion  ;  but  it  is  MHar.to  compare  it  to  the 
fibrim  of  clotted  plasma.  It  is  the  disintegration  of  this  network  that  il 
the  cause  of  the  liquefaction  of  the  '  jelly  *  in  the  dead  Medusae. 

These  observations  suggest  that  in  animal  and  vegetable  cells  a  similar 
disposition  of  the  salts  present  may  occur  and  the  proteids  holding  their 
solutions,  mechanically  as  iu  the  mesogloja,  may  be  as  inert  iis  tiie 
*di8oin'  of  the  Medusn.  To  espreM  it  diflhrantly,  the  cytoplasmlo 
iietwork  in  the  living  cell  may  be  in  manj  oases  a  result  of  the  life  of  a 
eell,  but  not  evidence  of  life  in  the  cjtOfdasm. 

4.  Professor  Mackenzie  has  been  engaged  on  the  investigation  of  the 
Occurrence  of  masked  iron  and  phosphorus  in  neoplasms,  and  reports  that 
it  will  take  some  montiis  yet  to  finish  his  observations. 

The  Committee  ask  to  be  reappointed. 


]5ciaimeal  Hujiographs, — Report  of  ike  OommiHee,  eonsisiing  of  Pro- 
fessor  L.  0.  Miall  (Chairman)^  fVo&saor  F.  E.  Weiss  (Secretary), 
Mr.  FfiANCis  DARwm,  anc{  Professor  G.  F.  Sgott-Eujot,  afi|iot9iM 

to  coTisuhr  ami  njHjrt  nponaechemefinr  Hie  registraUonof  NegaJtive$ 
of  Boianieal  Fhotographs, 

Afrmmx^AmMgemenU  to  MHenee  for  the  Prettrpatim  and  RegUi 

trmUm  tf  Photographs    Anthfvtpoioglcal  and  Ooologioal  TnUrogt      .  pago  4T9 

7bi  Committee  recommend  the  formation  of  a  register  of  photographs 
of  botanical  interest  on  similar  lines  to  those  already  in  enstence  for  the 
registration  of  geological  and  anthropological  photographs  reBpeotiTeI]r(flea 

Ji.ppendix). 

To  carry  out  such  a  scheme  the  Committee  shottl4  be  rM|)pointed|- 
with  a  small  grant. 
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The  Committee  are  of  opinion  that  the  fuilowiug  range  of  mbjects 
■hooM  be  ineliidBd  in  the  lolieBie : — 

1.  Portraits  of  anj  species  of  plant  (more  particularlj  foreign  plants, 
grown  imder  natnnl  eotraitions),  illostratlDg  liMt,  natural  nimtiodings, 
or  points  of  mofphologioal  or  physiological  interest. 

2.  Diseases  and  malformations  of  plants. 

3.  Photographs  of  plants  raised  for  purposes  of  experiment. 

4.  Photographs  illustrating  plant  associations. 

The  Committee  do  not  reoommend  at  present  the  inclusion  of  photo- 
graphs of  histological  prepa ration «?,  nor  do  they  consider  that  it  would 
be  deferable  to  include  photographs  of  zoologioal  interest  in  the  same 
register  with  those  of  botanical  interest. 


APPENDIX 

ArrangtmerUs  in  existence  for  the  Preservation  and  HegistrcUion  of 
Fhoiographe  of  Anthropological  and  Oeoloffieol  InUntL 

"Both  the  Anthropological  and  the  Geological  Section  of  the  British 
Association  oolleot,  preserve,  and  register  prints  of  anthropologiosl  and 
geologicsl  interest  tespeotively. 

These  are  preserved,  in  the  case  of  the  geological  photographs,  in  the 
Jermyn  Street  Museum  ;  in  the  case  of  the  anthropok^cal  photQ8nipli% 
also  at  some  central  institution. 

The  standard  size  for  the  geological  photograplis  is  whole  plate,  but 
other  sizes  are  accepted.    They  are  mounted  on  cards  of  uniform  size  and 

boond  in  albums.  The  anthropological  photographs  am  nomited  on  euda 
of  two  sisss  and  filed,  like  eara  ostalogue  slips. 

The  photograplis  are  arranged  geographically,  but  a  cross  indss  of 

topics  is  also  prepared.  The  card  catalogue  of  the  collection  gives  all 
nec^isary  information  as  to  locality,  date,  name  of  photographer,  drc. 

Negatives  are  either  reUiined  by  the  owner  or  deposited  with  a  local 
photoffrapher,  who  will  supply  prints  at  reasonable  pnoes.  The  anthropo> 
logieslsectioii  has  also  made  arrangements  for  the  storsge  and  insnraneo 
of  anjr  negatives  de|XMited  with  them  on  loan. 

No  arrangements  are  made  as  to  copyright.  A  detailed  list  of  photo- 
graphs received  is  published  every  year  with  the  annual  reports  of  the 
Committees,  which  sUites  where  the  photographs  may  be  obtained,  and* 
copy  of  this  rej)ort  is  sent  to  each  duuor. 

Both  Beetions  appoint  Committees  to  cany  oat  these  sebmnsi^  and 
each  Committee  reoeives  a  smoll  grant. 


Investirjation  on  the  llesjnraiioji  of  riants. — Report  of  il^e  Commitiee^ 
consuting  of  Professor  H.  ^fAi(>nAT.L  Ward  {Chairman),  Mr. 
Harold  Wager  (Secretary),  ^li.  k'nA^cia  Darwin,  and  Professor 
J.  B.  Fabmer. 

The  15^.  allotted  to  the  Committee  was  expended  by  Dr.  Blnckman 
on  apparatus  for  investigating  the  relation  between  temperature  and  the 
assimilation  of  carbon  dioxide. 
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The  law  which  governs  this  relation  has  been  worked  out  in  hit 
laboratory  by  Miss  Matthaei,  and  the  results  are  n^ady  for  publication. 

The  sum  granted  could,  however,  not  be  actuallv  obtained  tliis  year, 
M  bj  ovemgbt  application  woi  not  made  to  the  Treainrer  for  it  until  • 
Ibv  days  too  late.  The  Committee  therefore  aak  to  be  reappointed  and 
to  have  the  giant  made  last  year  again  placed  at  their  dispouO. 


Investigation  of  the  Cya^iophycetii. — Repoi't  of  the  Committee,  consist' 
iiuj  of  IVotVssor  J.  B.  Farmer  {('hninnan),  Dr.  F.  V.  BlackmaN 
(Secretary),  Professor  Majlsuall  Ward,  uiul  Mr.  W.  Gardiner. 

Tra  inyestigation  of  the  straotnre  of  the  Cyanophycere  has  been  con- 
tinued by  Mr.  Harold  Wager,  and  a  paper  dealing  with  the  structure  and 
constitution  of  the  central  body  (nucleus)  in  species  of  Phormidium, 
Oscillaria,  Tolypothrix,  and  Cylindrospermum  will  be  brought  before 
Section  K.  at  the  Belfast  meeting. 

▲  portion  of  the  grant  has  been  expended  in  apparatus,  and  the 
Committee  recommend  that  they  be  reappointed,  and  ask  for  a  farther 
gnmt  of  40/.  in  order  that  Mr.  Wager  may  be  enabled  to  pnrohase  a  high- 
power  objective  for  the  continuance  of  his  investigations,  espeoiaUy  into 
the  minute  structure  of  the  central  body. 


TeacJiiug  of  Elementarij  Mathematics. — Jieport  of  the  Committee,  coii" 
ai^stiiig  o/' JVofessor  FuliSYTU  (Chairnuui)^  i'rofessor  Pkrhy  (*S'ecre- 
tary),  Professor  Curystal,  Mr.  W.  D.  Egoar,  Mr.  H.  W.  Eve, 
ProKflsor  GiBSOV,  Dr.  Gladstone,  Professor  GfiBENHaL,  Professor 
R.  A.  Grbqobt,  Professor  HENRia,  Professor  Hdosox,  Dr.  Laiimor, 
Ptofessor  A.  Lodge,  Sir  O.  Lodoe,  Professor  Love,  Major  Mac- 
Mahon,  Professor  MiNGHnr,  Sir  A.  W.  ROcker,  Mr.  Robert  Rcssell, 

and  Professors. P. Thompson, a2>/)oi7i/c<i  to  report  njxyn  imyrovenienia 
that  might  be  effected  in.  the  teaching  of  MatheinaUoii  in  the  firH 
inHanee  in  ike  teaching  of  FJemeviarij  MaUismaiieif  and  upon  such 
means  as  they  ihiiitc  Ukely  to  effect  such  improvemente,  (Draten 
vp  by  Hie  Chairman,) 

APrmmT.'^nM  Sii^ffitted  AkedMh*  of  JPspperiwimiitl  00O9tHry  .  page  i7B 

In  submitting  their  present  report,  the  Committee  desire  to  point  out 
that  this  is  not  tlie  hrst  occasion  on  which  the  British  Association  liaa 
attempted  to  deal  with  the  teaching  of  elementary  mathematics.  About 
thirty  years  ago  a  similar  body  was  appointed  to  consider  a  part  of  the 
subject,  viz.,  *  the  possibility  of  improving  the  methods  of  instruction  in 
elementary  geometry  *  ;  ana  two  reports  were  presented,  one  at  the  Brad- 
ford meeting  in  1873  (see  the  Report,  volume  for  that  year,  p.  4.'>9),  the 
other  at  the  Glasgow  meeting  in  1876  (see  the  Report,  volume  for  that 
year,  p.  8). 

The  two  rsports  advert  to  some  of  the  difficulties  that  obstruct  im- 
provements in  the  teaching  of  geometry.    One  of  these  is  all^p^  to  be 

*  the  necessity  of  one  fixed  and  definite  standard  for  examination  purposes  '  ; 
apparently  it  was  aisumed  that  this  fixed  and  deiiuite  standard  shouid 
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&ot  merely  be  required  from  all  candidates  in  any  one  exBminaticD,  \m  1 
fdso  be  applied  to  aXi  exaaunatiooe  1liroa«faoiit  the  country.  Li  <Hvti  I 
iecore  the  miifonmty  tlnis  postulated,  uie  Committee^  tiunking  thtkm  I 
text-book  had  been  prodnoeid  fit  to  snooeed  Evelid  in  the  poiitao&  ol  1 
ftuHiority,  and  deeming  it  improbable  that  aadi  a  book  could  be  prodnnd  I 
by  the  joint  action  of  selected  individuali,  suggested  ihe  pabUc&tlon  of  ta 
authorised  syllabus.    In  their  second  report  they  discussed  the  merits  ot 
a  particular  syllabus — that  of  the  Association  for  the  Tinprovement  d 
Greomotrical  Teaching  ;  but,  in  spit<^  of  such  oonimendation  as  was  tJtm 
expressed,  the  syllabus  ha.s  nut  Ix  on  generally  adopted. 

It  is  still  true  that  (in  the  words  of  the  former  Committet)  'in  this 
country  at  present  teaching  is  guided  largely  by  the  requirement,  of 
examinations.'  For  some  time  to  come  the  practice  of  the  oonntfy  is  not 
anlikelj  to  allow  examinAtioDS  to  retain  at  least  a  partial  doauaite 
over  taaohing  in  schools.  Accordingly,  if  the  teadiing  is  to  be  impnv^ 
it  seems  to  m  a  preliminary  reqniute  tiiat  examinations  shonld  be  mak> 
fied  ;  and,  where  it  is  poasiUe,  these  modifications  in  the  examiiutiofit 
should  leave  greater  freedom  to  the  teftcher,  and  give  him  more  ■sartinni 
than  at  present. 

On  the  other  hand,  tliere  is  a  tendency  in  this  country  wherebj,  in 
such  matters  as  teaching  and  examination,  the  changes  adopted  are  ooij 
gradually  etfected,  and  progress  comes  only  by  slow  degrees.  AccordinglT, 
the  general  recommendations  submitted  in  this  report  are  such  that  they 
can  be  intnxluced  easily  and  without  any  great  alteration  of  the  be*;  ] 

Srcbciit  practice.    It  is  the  hope  of  the  Committee  that  the  reoommen*  j 
ations,  if  adopted,  will  oonstitiite  merely  the  first  stage  in  a  gndml  j 
improvement  both  of  teaching  and  of  examinations.   For  the  mMt  put 
mfy  broad  lines  of  clumge  are  suggested :  this  has  been  done  in  order  to  I 
leave  as  much  freedom  as  possible  to  teadiers  for  the  development  of  thsr 
methods  in  the  light  of  their  experience. 

Is  Uniformity  imperative  ? 

The  Committee  do  not  consider  that  a  singly  method  of  teaching 
mathematics  should  l>e  imposed  uniformly  upon  all  classes  of  studsats; 

for  the  only  variations  then  possible  would  h*-  limited  by  the  individuality 
of  the  teacher.  In  their  opinion,  different  methods  n my  lie  a<lopted  for 
various  classes  of  stiulcnts,  according  to  the  needs  of  the  students;  »nd 
corresponding  types  of  examination  should  be  used. 

It  is  generally,  if  not  universally,  conceded  that  a  projK?r  training  in 
mathemati(  s  is  an  important  part  of  a  liberal  education.  The  value  of 
the  training  depends  upon  the  comprehension  of  the  aims  of  the  maths* 
matical  subjects  chosen,  upon  the  grasp  of  the  fandamental  nctnes 
involved,  and  upon  the  attention  paid  to  the  loffieal  sequence  of  the 
arguments.  On  the  other  hand,  it  is  freely  claimed  that^  in  the  trsiniof 
of  students  for  technical  aims  such  as  the  profession  of  engineerings  a 
knowledge  of  results  and  a  facility  in  using  them  are  more  importaat  thin 
familiarity  with  the  mathematical  processes  by  which  the  results  are 
establislied  with  riijid  precision.  This  divergence  of  needs  belongs,  how- 
ever, to  a  later  stage  in  the  t?-nining  of  students.  In  the  ^rliest  stages, 
when  the  elements  of  mathematics  are  being  acquired,  the  processes 
adopted  can  be  substantially  the  same  for  all  students  ;  and  many  of  the 
following  recommendations  aixj  directed  towards  tiie  improvemPPt  of  those 
processes. 
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Teaching  of  Prnrtical  Geometry. 

The  former  Committee  recommended  (.and  the  present  Committee 
desire  to  emphasise  the  recommendation)  that  the  teaching  of  demonstra- 
tive geometry  should  be  pi'eceded  by  the  teaching  of  practical  and 
ezpenmeatal  geometry,  together  with  a  oonnderable  amoiint  of  Mcimts  ' 
drawing  and  measurement.  This  praetioe  should  be  adopted,  whether 
Euclid  be  retained  or  bo  replaced  by  MOie  authorised  text- book  or  lyUa- 
bns,  or  if  no  authority  for  demonstrative  geometry  be  retained. 

Simple  instruments  and  experimental  methods  should  be  employed 
exclusively  in  the  earliest  stages,  until  the  learner  has  become  familiarised 
with  some  of  the  notinos  of  geometry  and  some  of  the  properties  of 
gsometrical  figures,  plane  and  so^.  Easy  dednotive  reasoning  should 
oe  introduced  as  soon  as  possible;  and  thereafter  the  two  ptooesses 
should  be  employed  side  by  side,  because  practical  geometry  can  ])e  made 
an  illuminating  and  interesting  supplement  to  the  reasoned  results 
obtained  in  demonstrative  geometry.  It  is  desirable  that  the  range  of  the 
practical  course  and  the  experimental  methods  adopted  should  be  left  in 
large  measure  to  the  judgment  of  the  teacher ;  and  two  sohedules  of 
suggestions,  intended  for  different  olASses  of  studentSi  have  been  submitted 
to  the  Committee  by  Mr.  Eggar  and  FMfessor  Perry  respectively,  and  are 
added  m  an  Appendix  to  this  Bepork 

Should  there  be  a  Single  Authority  in  Geometry? 

In  the  opinion  of  the  Committee  it  is  not  neccssMi  y  that  one  (and  only 
one)  text-book  should  be  placed  in  the  position  of  authority  in  demonstra- 
tive geometry  ;  nor  is  it  necessary  that  there  should  be  only  a  single 
ljUabus  in  control  of  all  eaotminations.  Each  large  examining  body  might 
propound  its  own  syllabos,  in  the  construction  <j  which  regard  would  be 
paid  to  the  average  requirements  of  the  examinees. 

Thus  an  examining  body  might  rct.dn  Euclid  to  the  extent  of  requiring 
his  logical  order.  But  when  the  retention  of  that  order  is  enforced,  it  is 
undesirable  that  Euclid's  method  of  treatment  should  always  be  adopted ; 
thus  the  use  ci  hypothetical  oooatnictions  should  be  permitted.  It  is 
equally  undesirable  to  insist  upon  Euclid's  order  in  the  subject-matter  ; 
thus  a  large  part  of  the  contents  of  Books  III.  and  lY.  oonkL  be  studied 
>>eforo  the  student  comes  to  the  consideration  of  the  greater  part  of 
Book  11. 

In  every  case  the  details  of  any  syllabus  should  not  be  made  too 
precise.  It  is  preferable  to  leave  as  much  freedom  as  possible,  consistently 
with  the  range  to  be  covered ;  for  in  that  way  the  individuality  of  the 
teacher  can  have  its  mast  useful  scope.  It  is  the  competent  teacher, 
not  the  examining  body,  who  best  can  find  out  what  sequence  is  mOSt 
suited  educationally  to  the  particular  class  that  has  to  be  taught. 

A  suggestion  has  bfpn  made  that  some  Central  Board  miglit  be  insti- 
tuted to  exercise  control  over  the  modifications  made  from  time  to  Lime  in 
every  syUabfus  issued  by  an  examining  body.  It  is  not  inconceivable  that 
such  a  Board  might  prove  useful  in  helping  to  avoid  the  logical  chaos 
occasionally  characteristic  of  the  subject  known  as  Geometrical  Conies. 
But  there  is  reason  to  doubt  whether  the  authority  of  any  such  Central 
Board  would  l^e  generally  recognised. 

Opinions  differ  as  to  whether  arithmetical  notions  should  be  introduced 
into  demonstrative  geometry,  and  whether  algebraic  methods  should  be 
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used  as  substitutes  for  some  of  the  cumbrous  formal  proofs  of  propositions 
iuch  as  those  in  the  Second  Book  of  Euclid  :  for  opinions  dilfer  as  to  the  value 
of  strictly  demonstrative  geometry,  both  for  training  and  for  knowledge. 
Those  teachers  who  du  not  regard  algebraic  methods  as  proper  substitutes 
for  geometrical  methods  m  ight  still  nie  them,  «•  well  as  arithmetioal  notieiis^ 
for  the  purpose  of  illustrating  a  propositioii  or  explaining  its  wider  sigai- 
fi(»knce.  It  is  the  general  opinion  of  the  Committee  that  some  aHOciation 
of  arithmetic  and  algebra  with  geometry  is  desirable  in  all  cases  where 
this  may  bo  found  possible  ;  the  extent  to  which  it  may  be  practised  will 
depend  largely  upon  the  individual  temperament  of  the  teacher. 

Every  method  of  teaching  demonstrative  geometry  has  to  fsce  the 
difficulties  ineWtablj  associated  with  any  complete  and  rigorous  tbeoiT  of 
proportion.  In  the  qpinion  of  the  Committee,  not  merely  is  Eucud'a 
doctrine  of  proportion  unsuited  for  inclusion  in  elementary  work,  but  it 
belongs  to  the  class  of  what  may  be  called  university  subjects.  The  Com- 
mittee consider  that  the  notion  of  proportion  to  be  adopted  in  a  school 
course  should  be  based  upon  a  combination  of  algebraiosd  processes  with 
the  methods  of  practical  geometry. 

FxaminoHons  in  GwiMlbty, 

As  regards  examinations  in  geometry,  the  Committee  consider  that 
substantial  diianges  in  much  of  the  present  practice  are  dcsirahle.  In 
most,  if  not  in  all,  of  the  branches  of  mathematics,  and  especially  in 

geometry,  the  examination  ought  to  be  arranged  so  that  no  candidate 
should  be  allowed  to  pass  unless  he  gives  evidence  of  some  power  to  deal 
with  questions  not  included  in  the  text-book  adopted.  Such  questioaa 
might  comprise  riders  of  the  customary  type,  arithmetical  and  algebraical 
illustrations  and  Terifications,  and  practical  examples  in  accurate  drawing 
and  measurement  The  GcNmmittee  consider  the  latter  of  partionlar 
importance  when  the  range  is  of  an  elementary  character  ;  some  inflnenow 
will  be  exercised  upon  the  teaching,  and  some  recognition  will  be  given 
to  tlie  course  of  practical  geometry  that  should  be  pursued  in  the  earlier 
stages. 

The  Committee  are  of  ofdnlon  that,  in  the  prooessss  and  explanatiopa 
belonging  to  the  early  stages  of  these  subjects,  constant  appeal  should  be 
made  to  concrete  illustrations. 

In  regard  to  arithmetic,  the  Committee  desire  to  point  out  what  has 
been  pointed  out  so  often  before,  that,  if  the  decimal  system  of  weights 
and  measures  were  adopted  in  this  country,  a  vast  amount  of  what  is 
now  the  subject-matter  of  teaching  and  of  examination  could  be  omitted 
as  being  then  useless  for  any  purpose.  The  economy  in  time,  and  the 
advantage  in  point  of  simplinoation,  would  be  of  the  greatest  importance. 
But  such  a  change  does  not  seem  likely  to  be  adopted  at  present ;  and 
the  Committee  confine  themselves  to  making  certain  suggestions  afTccting 
the  present  practice.  They  desire,  however,  to  urge  that  teachers  and 
examiners  alike  should  deal  with  only  those  tables  of  weights  and  measures 
which  are  the  simplest  and  of  most  frequent  |yractioal  use. 

In  formal  arithmetic,  the  elaborate  manipulation  of  vulgar  Iraotions 
should  be  avoided,  both  in  teaching  and  in  examinations ;  too  many  of 
the  questions  that  appear  in  ezaminntion  pepen  are  tests  rather  ol 
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mechanical  facility  than  of  clear  thinking  or  of  knowledge.  The  ideas  of 
ratio  and  proportion  should  be  developed  concurrently  with  the  use  of 
TQ^r  fraetions.  Dedmals  sh<rald  be  introduced  ftt  an  early  stage,  aoon 
after  the  notion  of  fractiona  luui  been  grasped.  Methods  of  calculation, 
aoeofato  only  to  specified  significant  figures,  and,  in  particular,  the  prac- 
tice of  contnicted  methotls,  should  be  encouraged.  Tlie  use  of  lnl)les  of 
simple  functions  should  be  Ixjgun  as  soon  as  the  student  is  capable  of 
understanding  the  general  nature  of  the  functions  tabulated  ;  for  example, 
the  use  of  logarithms  in  numerical  calculation  may  be  begun  as  &oun  as 
the  fundamental  law  of  indices  is  known. 

In  regard  to  the  early  sti^^  of  algebra,  the  modifications  (both  in 
teaching  and  in  the  examinations)  whi(^  are  deemed  desirable  by  the 
Committee  are  of  a  gPTieral  character. 

At  first,  the  formula?  sliould  be  built  on  a  purely  arithmetical  founda- 
tion, and  their  significance  would  often  be  exhibited  by  showing  how  they 
inelude  whole  classes  of  arithmetical  results.  Throughout  the  early 
stagei^  formulte  and  results  should  frequently  be  tested  bj  arithmetical 
applications.  The  arithmetical  basis  of  algebra  could  be  illustrated  lor 
beijinners  by  the  frequent  use  of  graphs  ;  and  the  practice  of  graphical 
processes  in  such  cases  can  give  a  significance  to  algebraical  formulie 
that  would  not  otherwise  be  obtained  easily  in  early  stages  of  the  subject. 

In  passing  to  new  ideas,  only  the  simplest  instances  should  be  used 
at  firsts  frequent  reference  stall  being  made  to  arithmetical  illustratioos. 
Advance  should  be  made  by  mei^  of  essential  development,  aYoiding  the 
useless  complications  of  merely  formal  diHiculties  which  serve  no  other 
purpose  than  that  of  puzzling  candidates  in  examinations.  Many  of  the 
artificial  combinations  of  difficulties  could  be  omitted  entirely  ;  the  discus- 
sion of  such  as  may  be  necessary  should  be  postponed  from  the  earlier 
stages.  Teachers  and  examiners  alike  should  avoid  matters  such  as  curious 
combinations  of  brackets ;  eztravagantly  complicated  algebiaie  expres- 
sions, particularly  fractions ;  resolutions  of  elaborate  ezpreisions  into 
factors  ;  artificially  difficult  combinations  of  indices  ;  ingeniously  manipu- 
lated  equations  :  and  the  like.  They  have  no  intrinsic  value  or  impoi-t- 
ance ;  it  is  only  the  mutual  rivalry  between  some  writers  of  text-books 
and  some  examiners  that  is  responsible  for  the  consideration  which  has 
been  conceded  to  such  topioSi 

Otnmil  BemarkB* 

If  general  simplification  either  on  these  or  on  similar  lines  be  adopted, 
particularly  if  graphical  methods  are  freely  used,  it  will  be  found  possible 

to  introduce,  quite  naturally  and  much  earlier  than  is  now  the  case,  some 
of  the  leading  ideas  in  a  few  subjects  that  usually  are  regarded  as  more 
advanced.  Thus  the  foundations  of  trigonometry  can  be  laid  in  connec- 
tion with  the  practical  gwmetry  of  the  .subject-m.vtter  of  the  .Sixth  Bfjok 
of  Euciid.  The  general  idea  of  co-ordinate  geometry  can  Ik;  made  familiar 
bv  the  use  of  graphs  ;  and  many  of  the  notions  underlying  the  methods 
off  the  infinitesimal  calculus  can  similarly  be  given  te  comparativelj 
youthful  students  long  before  the  formal  study  of  the  calculus  is  begun. 
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Tuio  Suggested  Schedules  of  £xpei%meiilal  (Jeomciry, 

{Schema  ntbmtted  5y  Mt.  Egoab,  c^t>/7y  Owmeirtcal,  on  Euclidean  Linei.} 

Accurate  raeasurements  of  lines,  angles,  areas,  and  (if  possible)  volumes, 
should  precede  any  formal  definitions.  The  following  suggestions  ax^ 
intended  for  the  earliest  stages. 

Inalrumenit, — Hard  pencil,  coupaaeee,  dividere,  Btnught^ge  gra- 
duated in  inohea  and  tentke,  and  in  centimetres  and  millimetres  ;  protractov 
(if  rectangular,  its  connection  with  the  division  of  the  circle  should  hm 
carefully  pointed  out)  ;  set- squares  (45°  and  60°)  ;  notebook  of  squared 
paper ;  tracing  paper ;  scissors  and  loose  paper  for  cutting  out  and 
folding. 

It  IS  important  that  careful  dranghtmanship  and  the  use  of  properly 
adynsted  instroments  should  be  insisted  on.  AXL  constmotions  shmild  be 
drawn  in  fine  pencil  lines.    Inaoourate  work,  at  work  done  with  soft  or 

blunt  pencils,  should  receive  very  little  credit. 

Processes. — Test  of  a  straight  line  ;  intersection  of  two  lines;  notioa 
(not  definition)  of  a  point ;  measurement  of  a  length  ;  estimation  of  the 
second  place  of  decimals  of  inches  or  centimetres  ;  use  of  set-squares  for 
drawing  parallel  lines ;  eonstraotion  ai|d  measarement  of  angles  from 
0"  to  360°  by  the  use  of  a  protractor ;  limits  of  error  in  setting  off  angles  ; 
test  of  a  right  angle ;  test  lor  aocnracy  of  set-sqaaras :  thdr  use  ia 
drawing  perpendiculars. 

The  drawing  of  parallels  and  perpendiculars  by  the  aid  of  compasses  ; 
the  bisection  of  angles  and  straight  lines  ;  construction  of  triangles  from 
given  dimensions ;  the  fandamental  properties  of  triangles  Tenftad  and 
ulnstrated  by  drawing ;  similar  triangles ;  the  division  c«  lines  into  eqoal 
parts  and  into  parts  in  given  proportion  ;  test  of  equality  of  ang^  Jbf 
the  superposition  of  the  angles  of  similar  (not  equal)  triangles  by  means 
of  t  racing  paper. 

The  construction  of  rectangles,  parallelograms,  and  quadrilaterals, 
from  adequate  data  ;  notion  of  a  tangent  line  ;  construction  of  tangents 
to  circles,  using  drawing-offioe  methocu ;  notion  of  a  locus ;  construction 
of  circles  satiSying  given  conditions ;  verification  of  the  properties  d 

circles. 

^Measurement  of  area  ;  use  of  squared  paper;  area  of  an  irregular 
figure  found  by  counting  the  number  of  squares. 

Illustrations  of  propositions  relating  to  the  areas  of  squares,  rect- 
angles, parallelograms,  and  triangles.  Calculation  of  ^eie  areas  horn 
given  dimensions  (e,ff^  base  and  altitude),  and  verification  squared 
paper. 

The  lencrth  of  the  circumference  of  a  circle  detprmilied  experimrntally 
{e.g.,  by  rolling  a  coin  with  an  ink  mark  on  its  rim  down  an  inclined 
sheet  of  paper,  or  by  wrapping  a  strip  of  paper  tightly  round  a  cylinder, 
pricking  the  paper  where  it  overlaps,  unwrapping  and  measuring  the 
distance  between  the  two  marks) ;  the  area  of  a  drde  determined  by 
squared  paper. 

The  area  of  a  rectangular  sheet  of  paper  can  be  calculated  from 
measurements  in  inches  and  in  centimetres,  and  hence  the  number  of 
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iqilare  centuueti^  in  n  square  inch  can  be  obtain^  by  division.  To  how 
many  places  of  diwrfmalu  may  the  tmalt  be  ngaided  as  aceumte  t 

Conitructioti  of  paper  modda  of  aoilidB  to  lUastrate  the  notioiis  of 
•orSace  and  rolume. 

Measurement  of  volume  should  be  illustrated  by  cubical  bricks. 
Oubcs  1  inch  and  1  centimetre  can  bo  oht.iined  cheaply.  Volumes  of 
rectangular  solids,  prisms,  cylinders,  and  cones  should  be  measured  where 
possible,  and  the  reeultB  Teiified  by  displacement  of  water  if  acoees  to  a 
pbydce  laboratory  is  to  be  had.  Meaturemeiits  of  area  and  volume  form 
a  oaefnl  introduction  to  the  notion  of  an  algebraic  formula. 

As  a  pupil  advances  in  elementary  algfbni,  ijeonu^tiical  ilhistiations 
may  be  employed  with  advantage,  e.g.y  the  veritication  withscjuared  paper 
of  the  formuhe  corresponding  to  the  propositions  of  Euclid,  Book  II., 
graphs,  the  solution  of  quadratic  equations  with  ruler  and  compasses. 

(Sekem^  ttAmitUd  hy  Prof.  Pebet  :  tki$  Schem*  iamtended  to  accompany 
a  Count  of  AritkmetiCf  Alffedra,  and  ExptrimenitU  Science.) 

Ptaetice  in  deoimah^  luing  ecake  for  meaearing  suoh  diatances  aa 
3*22  inchflo^  or  12*5  centimetreB. 

CJontraotod  and  approximate  methods  of  nndtiplying  and  dividing 
numbers  ;  usinjj  rough  checks  in  arithmetical  work  ;  evaluating  fonmilfp. 

3Ifn»Hralion. — Testing  experinientally  the  rule  for  the  length  of  the 
circumference  of  a  circle,  using  strings  or  a  tape  measure  round  cylinders, 
or  by  rolling  a  disc  or  apbere,  or  in  other  ways ;  inventing  methodB  of 
measuring  approximately  the  lengths  of  curvea ;  testing  the  rules  for 
the  areas  of  a  trian|^e,  rectangle,  parallelogram,  circle,  ellipse,  sur&oe  id 
cylinder,  surface  of  cone,  ttc,  using  scales  and  squared  paper  :  proposi- 
tions in  Euclid  n  lating  t<^)  areas  tested  by  squared  paper,  also  by  arith- 
metical work  on  actual  measurements  ;  the  determination  of  the  areas  of 
an  irregukr  plane  figure  (1)  by  using  Simpson's  or  other  well-known  rulea 
for  the  ease  where  a  numbw  of  equidistant  ordinates  or  widths  are  given  | 
(2)  by  the  use  of  squared  paper  when  equidistant  ordinates  are  not  gtveOf 
finding  such  ordinates  ;  (3)  weighing  a  piece  of  cardboard  and  comparing 
with  the  M  i'ight  of  a  square  piece  ;  (4)  counting  squares  on  squared  paper 
to  verify  rules.  Rules  for  volumes  of  prisms,  cylindei^,  cones,  spheres, 
and  rings,  verified  by  actual  experiment ;  for  example,  by  filling  ves^ls 
with  water,  or  by  weighing  objects  of  these  shapes  made  of  material  of 
known  density,  or  by  allowing  such  olgects  to  cause  water  to  overflow 
ttom  a  vessel. 

Tlie  determination  of  the  volume  of  a.n  irregular  solid  by  each  of  the 
three  methods  for  an  irregular  area,  the  process  Vicing  first  to  obtain  an 
irregular  plane  figure  in  which  the  varying  ordinates  or  widtlis  repre^nt 
the  varying  cross-sections  of  the  solid ;  volumes  of  frustra  of  pyramids 
and  cones ;  computation  of  weights  from  volumes  when  densities  are 
given. 

titating  a  mensuration  rule  as  an  algebraic  formula.  In  such  a  formula 
any  one  of  the  quantities  may  be  the  unknown  one,  the  others  being 
known.  Numerical  exercises  in  mensuration.  The  experimental  work  in 
this  subject  ought  to  bo  taken  up  in  connection  with  practice  in  weighing 
and  measuring  generally,  finding  specific  gravities,  illustrations  <2  the 
principle  of  Arohimedes,  the  displacement  of  Boating  bodies,  and  other  ele- 
mentary  scient^c  work.  A  good  teacher  will  not  overdo  this  experimental 
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work  :  he  will  preserve  a  proper  balance  between  experimental  work| 
didactic  teaching,  and  numerical  exerciiie  work. 

Uie  of  squand  paper, — ^The  vae  of  iqiiand  paper  bj  merdiaiite  and 
others  to  show  at  a  gUnoe  the  rise  and  nil  of  prices,  of  temperature,  oi 
the  tide^  ise.  The  use  of  squared  paper  should  be  illustrated  by  the 
working  of  many  kinds  of  exercisers,  but  it  shoulfl  be  pointed  out  that 
there  is  a  geneiul  idea  underlying  them  all.  The  following  may  be  men- 
tioned : — 

Plotting  of  staLiHtics  of  any  kinrl  whatsoever  of  general  or  special 
intercut  ;  what  such  cui-\  fs  teach  ;  rates  of  increase. 

Interpolation,  or  the  tindiug  of  probable  intermediate  values  ;  probable 
errors  of  obeervation ;  forming  complete  price-lists  by  manufseiaten ; 
finding  an  average  value  ;  anas  and  Tolumes  as  explained  above. 

The  plotting  of  simple  graphs;  determination  of  maximum  and 
minimum  values  ;  the  solution  of  equations.  Very  clear  notions  of  what 
we  mean  by  the  roots  of  equations  may  be  obtained  by  the  use  of  squared 
paper. 

Determination  of  lawi  which  exist  between  observed  quantities, 
especially  of  linear  laws. 

Ck>rrections  for  errors  of  observation  when  the  plotted  qoantttifli  are 
the  results  of  experiment. 

G9ometry,—A  knowledge  of  the  properties  of  straight  lines,  parallel 

lines,  right  angles,  and  angles  of  30**,  45°,  and  60°  obtained  by  using  and 
testing  straight-edges  and  squares  ;  dividing  lines  into  parts  in  given  pro- 
portions, and  other  experimental  illustrations  of  the  Sixth  Book  of  EucHd ; 
the  definitions  of  the  sine,  cosine,  and  tangent  of  an  angle,  and  the  deter- 
mination of  their  values  by  graphical  meUiods ;  setting  out  of  angles  by 
means  of  a  protractor,  when  they  are  given  in  degrees  or  radians,  idso  (for 
acute  angles)  by  construction  when  the  value  of  the  sine,  cosine,  or  tangent 
is  given  ;  use  of  t^ibles  of  sinfs,  cosines,  and  tangents  ;  the  solution  of  a 
right-angled  tria!i::rlo  ])y  calculation  and  by  drawing  to  scale  ;  the  con- 
struction of  any  triangle  from  given  data  ;  determination  of  the  area  of 
a  triangle.  The  more  important  propositions  of  Euclid  may  be  illustrated 
by  actual  drawing.  If  the  pi  oposition  is  about  angles,  these  may  be 
measured  in  degrees  by  means  of  a  protractor,  or  by  the  use  of  a  table  of 
chords  ;  if  it  refers  to  the  equality  of  lines^  areas,  or  ratios,  lengths  inaj 
be  measured  by  a  decimal  scale,  and  the  necessary  calculations  made 
arithmetically.  This  combination  of  drawing  and  arithmetical  calcula- 
tion may  be  freely  used  to  illustrate  the  truth  of  a  pioposition.  A  good 
teacher  will  oocadonally  introduce  demonstrative  proof  as  well  as  mere 
measurement. 

Defining  the  position  of  a  point  in  space  by  its  distances  from  three 
co-ordinate  planes.  What  is  meant  by  the  projection  of  a  point,  line,  or 
a  plane  figure,  on  a  plane?  Simple  models  may  be  constructed  by  the 
student  to  illustrate  the  projections  of  points,  lines,  and  planes. 

The  distinction  between  a  scalar  quantity  and  a  vector  quantity ; 
addition  and  snbtraetion  of'  vectors  ;  experimental  iUustrationi,  snoh  as 
the  verification  by  the  student  himself  of  the  triangle  and  polygon  of 
foroei^  using  strings^  pulleys,  and  weights. 
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Th9  Tmc/mvi^  of  Science  in  Elemeniary  Schoch. — Rep<n*t  of  the  Com" 
mi f tee,  comisUng  of  Dr.  J.  H.  Gladstone  ((7/ia»n»an),  Professor 
H.  K.  Armstrong  (Secrolanj)^  Iiord  Aveiu  ry,  Professor  W,  R. 
DuNSTAN,  Mr.  George  Gladstone,  Sir  Philip  Magnus,  Sir 
II.  E.  RoscoE,  Professor  A.  Smituells,  mid  I^fessor  S.  P. 
Thompson. 

Tbk  introdnedon  of  the  Block  grant,  in  place  of  the  former  £xaminatioa 
grants  in  Elementary  Day  Schools,  deprives  your  Committee  of  the  oppor- 
tanity  of  giving  the  usaal  statistical  data  as  to  the  number  of  children 

recoiviii!;]^  instruction  in  scientifio  subjects.  Tlie  loss  of  this  interesting 
inforiaation  is,  however,  more  than  mudo  up  by  the  satisfaction  of  knowing 
that  the  teachers  are  now  more  free  to  adopt  true  educational  principles 
than  when  they  were  trammelled  by  the  necessity  of  preparing  their 
schoUn  for  an  official  examination,  on  the  result  of  which  the  financial 
position  of  the  school  would  be  dependent. 

One  of  the  returns  of  the  Board  of  Education  does,  however,  afford 
some  indication  of  the  measure  of  attention  given  to  certain  subjects  as 
comparf'd  with  otliers.  Accordint^  to  this  the  number  of  departments  iu 
which  subjects  of  a  more  or  less  scientific  character  are  taken  are  as  follows, 
though  tlie  number  of  acholan  is  no  longer  given  (the  numbers  are  for 
schools  in  England  and  Wales) : — 


Al^rebra   l/JGfi 

Km*  lid   lo.** 

Mensuiation   3H7 

Mccbunics   .Wi 

Cbemirtry   185 

Physics                                                    .       .  I0» 

Klomeotary  rhy»ici«  ami  Cbeuiistry       .      .      .  162 

Animal  Physiology .    41 S 

Hygiene  •      .  34 

Botany   138 

Principlefl  of  Agriculture   20 

Domestic  Bconoiny  or  Domestic  Science            .  1,070 


These  correspond  with  what  were  formerly  known  as  specific  subjects 
of  instruction. 

In  the  case  of  the  Evening  Schools  your  Committee  are  able  to  con- 
tinue the  tabular  statement  for  another  year.   Though  the  total  given  is 

somewhat  larger  than  in  the  two  years  immediately  preceding,  it  will  be 
noticed  tiiat  ni  Mathematics  and  Physics  there  is  a  general  falling  otf",  the 
only  increases  worth  noting  being  in  those  subjects  that  may  be  more 
appropriately  designated  '  applied  science.' 

Both  the  Day  and  the  Evming  Schools  are  now  passing  through  a 
crisis  in  their  history,  and  may  be  regarded  as  in  a  transition  state.  The 
Day  Scliuols  uikUm-  School  Boards  are  adversely  affected  by  the  r^nlation 
of  the  Board  of  Eriucatioii.  limitin:,'  tli(>  ai^^  of  scliolars  to  fifteen  years* 
There  were  3,697  scholars  of  fift«"en  years  and  u])waids  in  the  year  ending 
August  31,  11)01.  The  corresponding  numbers  were  4,140  in  liS98,  3,817 
in  1899,  and  3,828  in  1900.  The  Evening  Schools  under  the  same 
authority  are  not  allowed  to  give  instruction  to  adults  except  with  the 
coni'ent  of  the  County  ConnoU  or  the  County  Borough  Council,  as  the 
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case  may  be,  and  that  consent^  if  given,  is  limited  to  the  current  school 
year.  In  the  majority  of  cases  that  consent  has  l^een  freely  given,  though 

in  sonie  instances  schools  have  Imd  to  Im?  closed  in  consequence  of  the 
consent  being  withlield.  The  uncertainty  as  to  the  future  is  a  great  cause 
of  discouragement  both  to  the  managers  of  schools  and  to  the  scholars. 


I  Number  of  Bcbolskra 

SoteiiM SobjMte  '  —  —  -  -         -    -— . —  . 

1890-«7  I  1897-06  |  1898-M  1899-1900|l900-lllOl 


1,036 

1,526 

1,216 

1,601 

1,384 

7.467 

9,996 

7.432 

7,247 

6,18S 

Xi  t»n  uti  Fo  t  ir>n 

27,388 

29,9fifi 

24  369 

23,09iJ 

22  1  '12 

Blenaeutary  Physiography  . 
Blementaiy  Physics  aiidOheinittiy 

Domestic  Science  .... 

3J12 

4,807 

4.213 

3^552 

2,il43 

8436 

9,909 

8.116 

3.497 

3.316 

117 

142 

471 

303 

Soience  of  Common  Things  . 

10,910 

13,874 

11.499 

11,418 

11,802 

ObomiKtry  

6.668 

6,590 

5.963 

6,704 

6,642 

Mechanics  

1,365 

1,129 

987 

1.2o2 

1,0.')0 

Sound,  Lifjht,  and  Heat . 

726 

813 

437 

305 

313 

ilagnetism  and  Kiectricity  . 

S.834 

8,967 

8,005 

3,244 

2.i»49 

Human  Fliyriology      .  • 

6.865 

6.237 

4,2yG 

4,619 

4.312 

Hygiene  

3.179 

4.062 

3,276 

3,228 

3,IK^8 

692 

763 

597 

718 

747  ' 

AgrUniltttxe    •      •      .      .  . 

2.355  ' 

9,300 

I.82G 

1.847 

1.287  , 

i,3r.4 

1.350 

1,511 

1,840  ' 

68 

37 

46 

116 

I7r, 

9,066  . 

18.030  1 

12.980 

14,836 

18,704 

Domestio  Eoonomy 

19.666  1 

28.271 

19.916 

18.968  . 

19.343 

Totals  . 

107,042 

1 

.126,740 

106,665 

108,228  1 

110.104 

There  have  b^n  no  changes  of  importance  in  tlie  code  of  regulations 
for  Day  Schools,  but  that  for  Eveniog  Schools  has  been  i*emodelled  much 
more  on  the  lines  of  the  South  Kensingtim  branch  of  the  Board  of  Educa- 
tion, and  it  is  issued  from  that  othce,  as  these  schools  are  now  regarded 
by  the  Government  as  giving  Secondary  Education. 

The  Higher  Elementary  SchooLs,  for  which  special  provision  was  made 
two  years  ai<o,  have  not  to  any  large  exU^nt  supei*seded  the  Higher  Grade 
Schools  whicli  had  been  previously  established  in  most  of  the  large  towns. 
The  additional  grants  oflrared  have  scarcely  proved  to  be  an  equivalent 
for  the  increased  cost  of  conducting  these  schods,  and  this  fact^  coupled 
with  the  stringent  regulations  imposed,  has  discouraged  the  transfer  of 
the  Higher  Grade  Schools. 

The  exhibitions  which  have  been  held  this  suniiaer  in  Tx)ndon  by  the 
London  School  Board  and  the  Nature-Study  Exhibition  Association 
indicate  the  progress  of  practical  work  in  science,  especially  in  the  region 
of  Physics  s^  Biology.  The  School  Board  has  sought  to  encourage  the 
making  of  scientific  apparatus  by  the  science  masters  and  their  scholars  out 
of  ordinary  and  inexpensive  materials,  as  more  instructive  than  the  mere 
manipulation  of  purchased  articles  ;  and  the  exhibition  of  what  has  been 
thus  producc<l  in  the  schools  during  the  last  twelve  months  shows  a  very 
marked  advance,  both  in  quantity  and  quality,  over  that  of  tiie jpreoediog 
year.  The  exhibits— 651  in  number— raqgied  over  Botany,  CSianistiT, 
Heat,  Light,  Hygiene,  Magnetism  and  Electricity,  Mathemf^tics,  Meclianicflb 
Xifatttial  fMstory,  Physiography,  Physiology,  Sound,  sod  Steani.  The 
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Board  alio  entered  into  arrangementa  with  the  eastodiana  of  the  Boyal 
Farks  for  a  weekly  supply  of  eat  flowen,  leavesy  kc.,  to  famish  illustra- 
tions of  the  reading  lessons  as  well  as  material  for  the  scientific  study  of 
Botany.  The  Nature  Study  Exhibition  Association  has  been  organised 
for  the  purpose  of  crenting  an  interest  in  biological  studies  and  »if 
illustrating  the  must  approved  methods  of  arranging  school  museums  and 
pther  appliances  for  teaching.  The  Exhibition  oonsisted  of  a  large 
eolloe^n  of  objeets  gathered  by  ohil<(ren  in  their  own  neighbourhoo&i 
and  of  drawings  whidh  they  had  made  from  the  plants  and  animals  them- 
selves,  and  of  manuscript  notes  as  t<>  their  development.  These  illustra- 
tions were  generally  given  in  their  proper  colours,  and  often  with  the  aid 
of  the  microscope.  The  Exhibition  was  made  still  more  valuable  by  a 
series  of  conferences  conducted  by  ladies  and  gentleuieu  who  have  given 
s|)e<»al  attention  to  Nature  study. 


Oji  the  CmidiHons  of  HeaUh  esscniud  to  the  Carrying  on  of  the  Work 
of  Tiwtruction  in  8eho<d9. — Report  of  the  Coriunittee^  consiitfing  of 
Professor  C.  S.  Sherrington  {Chairman),  Mr.  E.  White  Walus 
(Secretari/),  Mr.  E.  \V.  BKAimooK,  Dr.  C.  W.  KiMMiNS,  Protessor 
L.  C.  A[uLl,  and  Professor  H.  L.  Withers. 

Tbb  Conunittee  had  co>opevating  with  them  in  tiieir  investigations 
and  deliberations  the  valuable  assistance  of  Dr.  G.  Childfi  Dr.  Clement 
Dukes,  Miss  Findlay,  Miss  Ravenhill,  Dr.  Rivers,  Mr.  J.  Bussell,  and 

Dr.  Sydney  Stephenson. 

In  all  methods  adopted  for  carrying  on  the  work  of  instruction  in 
schools  health  conditions  must  be  recognised  as  an  essential  principle, 
seeing  that  in  most  cases  the  greater  part  of  a  child's  day  is  spent  within 
the  influence  of  the  school,  and  no  teaching  can  be  oonsid«red  suc- 
cessful unless  so  arranged  that  the  health  of  the  scholars  may  be  properly 
maintained. 

The  health  conditions  relating  to  school  life  which  appeared  to  the 
Committee  to  bo  appropriate  for  consideration  include  :  — 

1.  Bodily  nourishment. 

2.  Clothing. 

3.  Housing  of  children  in  scliools. 

4.  The  working  of  the  bodily  functions  and  organs  of  sense. 
6.  Physical  exercise. 

6.  The  apportionment  of  time  to  work  and  rest,  including  length  of 

lessons  and  holidays. 

7.  Healthy  tone  of  mind  and  morals, 

8.  Preventive  and  precautionary  measures  against  infectious  diseases. 

It  was  not  considered  practicable  to  deal  with  all  of  these  subjects  iu 
the  $rst  report^  and  it  was  therefore  decided  to  direct  attsntion  to  the 
following  points : — 

A  collection  and  tabulation  of  records  o£  original  observations  on  the 
periods  of  day  appropriate  for  different  studies,  Sie  length  of  lessons,  au4 
periftdv  of  itudy  mitable  for  ebUdxen  of  difiBumnt  ages. 
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A  collection  and  tabulation  of  anthropometrical  and  physiological 
observation  forms  in  use  in  various  schools  with  a  view  to  prepwi^ » 
typical  form  for  general  use. 

A  collection  and  tabulation  of  autliropometrical  and  pbvaiolcgial 
observations  racorded  in  different  schools  for  a  series  of  years  on  tlietti 
children. 

A  collection  and  tabulation  of  recorded  investigations  into  the  cmm 
of  defective  eyesight  in  school  children  and  a  definition  of  the  ooD^tim 
necessary  for  preserving  the  sight. 

An  inquiry  into  the  practical  knowledge  of  hygiene  posMwd  hj 
school  teachers. 

For  this  purpose  several  sub-oommittees  w«re  appointed,  sad  tki 
following  information  has  been  collected  : — 


A29TBBOPOMBTB10AL  AHD  FhySIOUKIICAL  ObSKBVATIOXS. 

The  sub-committee  appointed  to  collect  and  tabulate  anthroposKtrial 
and  physiological  forms  in  use  in  various  schools  with  a  view  toprep^risg 
a  typical  form  for  «:eneral  use^  and  to  collect  and  tabulate  anthroponslmd 
and  physiological  observations  recorded  in  ditferent  schools  for  a  sens <l 
years  on  the  same  children,  report  as  follows  : — 

An  application  to  the  schools  from  which  infonnation  wis  foniM 
to  the  Anthropometric  Committee  in  1878-1883  haa  given  the  loDovbf 
results : — 

At  Eton  College  Dr.  Warre  informs  the  Connnittw  there  haa  not 
been  any  systematic  collection  of  information  since  1S83,  aiid  that  bo 
forms  are  in  use  for  the  purpose. 

At  Westminster  School  Dr.  Oow  informs  the  CSommittee  tint  it 
anthropometrical  observations  are  taken,  but  he  expresses  the  opinka 
that  they  ought  to  be  made,  and  the  Committee  hope  that  the  preseotstMS 
of  this  report  may  lead  to  their  being  undertaken. 

At  Badley  College  measurements  are  taken  in  the  following  foim 
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At  Felsted  School,  ]!^ex,  the  form  adopted  is  as  follows  :  — 


Number 

1 

NttniMi 

f:irriinK»'<l  in 
iJpli»b«tic«l  order) 

Hf<i>rlit 
(in  fttockiugii) 

1  1 

t 

Weight 
(in  IroBBerv  only) 

t 

Chest  1 
(stM)diM„'  iKtttl-  ' 
r»lly,  Army  i 
meaenrement)  | 

feet  inches 

•tones  1     lb.  | 

inches 

Dr.  Edwyu  B.  Trow  has  kindly  furnished  the  Committee  with  the 
record  from  January  to  April  1902,  when  21 1  hoys  were  observed.  They 
give  an  averao;e  of  ')  fcot  3^  inches  in  lu'itjht,  7  at.  U  lb.  in  weight,  and 
31^  inchea  che:>t  girth,  ranging  from  minima  of  4  feet  4^  inches,  4  st.  2  lb., 
2i\  inches  to  maxima  of  6  feet  4  inches,  12  st  2  lb.,  40  inches  re- 
spectively ;  hut  as  the  ages  are  not  specified  these  figures  cannot  be  used 
lor  comparison.  This  wUl  appear  from  the  cases  in  which  the  minima 
and  maxima  occar  as  follows  : — 

ft.  in. 

A    •    .    .  \  n 

B  '  *  H 

C       .  .    i  il 

1}  .46 


B  ...  5  6^  10  10  40 
r      ...   6  4  18  8  3tf 

which  leads  to  the  inference  that  the  differences  are  dae  to  age.    F  has 

the  maximum  both  in  height  and  weiglit. 

In  Bootham  School,  York,  anthroponietrical  measurements  have  been 
tftken  regularly  six  times  every  year  (i.e.,  at  beginning  and  end  of  every 
term)  since  January  1896,  and  Mr.  A.  L.  Dawesi  has  kindly  furnished  the 
Oonunittee  with  a  copy  of  the  form  used  as  follows : — 


Anikropometneal  Meamtrementi, 
Ufame  


EadolTenii 

Beginning  of 
Term 

A  rssrago 

Age  (yean,  months) 

Height  (feet,  inch»'.>) 
Weight  (pouD(ls)     .      .      .  1 
Cb«^  expanded  (inches)  . 
<'hest  contnicted  (inches)  • 
Forearm  (inches)     .      •  . 
Upper  Arm  (inches)  •      •  • 

Signed 

DaU 


At  the  Harapstead  School  of  the  King  Alfred  School  Society  (founded 
1897,  incorporated  1898)  the  following  is  the  form  adopted  : — 


si.  lb. 

4  U 
fi  13 
4  2 
4  7 


m. 
8^ 
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1 

 1 

Bate :  \ 

Age: 

1 
1 

'  "1 

1 

1 
1 

1 

Weight: 

1 

1  1 

Height : 

! 

Head  Measurementa : 

I 

» 
p 

1 

p 

J 

I 

■ 

Obeet  Girth: 

»  1 

Chest  Expansion : 

1 

Kooth: 

i  1 

1 
» 

1 

Sight :  1 

'  1 

Heeling: 

1 

i 

■ 

Nose : 

1 

1 

Nutrition :  | 

1 

! 

Nervoas  Signa :  | 

'II' 

Benuurks: 


I 


The  moit  importent  and  qrsteoMitie  ooUeotloii  of  anthropmneliib 
tiitict  in  a  tohool  of  which  the  Comialtted  are  aware  is  that  made  in 

Marlborough  College.  The  master  has  kindly  furnislu d  the  Committed 
with  coj^ies  nf  the  annual  reports  of  the  Marlborough  College  Natural 
History  Society  from  the  year  1884  (except  that  of  1890,  which  is  out  of 
print),  which  contains  each  year  a  return  of  the  number,  name,  form, 
a£e,  height,  weight,  chest  girth,  circumference  of  head,  leg,  and  arm,  and 
of  the  increase  in  eadi  since  the  last  measurement.  In  later  years  the 
chest  has  been  measured  both  expanded  and  contracted.  Mr.  Mayiick, 
by  whom  this  j»reat  work  has  been  superintended  for  many  years, 
observed  that  the  full  expansion  of  the  chest  is  easy  to  get,  but  the  full 
contraction  is  not  so  easy  ;  if,  however,  the  chest  bo  emptied  by  an  audible 
continued  expiration,  it  is  easy  tu  tell  by  the  sound  when  the  limit  is 
reached.  A  column  is  given  showing  thediflforence  between  the  expanded 
and  contracted  chest.  This  is  a  measure  of  the  capacity  of  the  emwtiTe 
respiration,  and  the  greater  the  difference  the  higher  is  the  effidenogr  of  the 
breathing  apparatus,  and  probably  the  vital  energy  is  greater  in  propor- 
tion. This  index  by  no  means  necessarily  rises  with  the  age,  and  is,  in  fact, 
sometimes  unexpectedly  high  in  young  boys.  The  age  is  recorded  in  years 
and  months,  not  in  decimals  of  a  year  ;  the  height  is  given  in  inches  and 
decimals  of  an  inch  ;  the  weight  in  pounds  to  within  half  a  pound  only ; 
the  chest  measurement  in  inches  and  decimals.  The  Report  of  Uie 
Anthropometric  Committee  presented  to  the  British  Association  in  1880 
contains  a  series  of  tables  founded  im  the  observations  taken  in  Marl- 
borough College  from  1874-1676  on  height^  weight,  chest  ||irth,  head 
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girth,  arm  girth,  and  leg  girth.  It  would  be  desirable  to  continue  that 
tabulation  to  thp  present  time,  hut  that  would  be  ft  work  of  very  great 
labour  and  not  inconsiderable  expense. 

In  the  North  London  Collegiate  School  for  Girls  a  lady  medical 
inspector  has  been  appointed  since  1887,  especially  with  a  view  to  deter- 
mining the  kind  of  physical  ezerolfiea  that  are  suitable  in  different  caaeSi 
and  that  official  has  established  a  qrstem  d  anthropometric  observation^ 
which  is  more  than  usually  complete.  Mrs.  Sophia  Bryant,  D.Sc,  the 
head  mistress,  has  kindly  furnished  the  Committee  with  a  copy  of  the 
form  in  use,  which  is  as  follows : — 


iVb. 


.  J'ower 


1 


I  Age  (years) 
i  Height  (inches) 
Weight  (il>.)  . 


AnterO'posterior  diameter 
Transverse  diameter . 
Citcnmferenoe  . 
Yanlt 


Oolonrs 


Circumference  (inches) 
Condition  of  lungs 
Condition  of  heart 
Vital  capadty  (cabio  inobes) 


Circumference  of 


Power  of  grasp  I 
Power  of  back  miuolss 


Stays  waist  •§ 
Vfist  waist 


IfEDiCiiL  Ikspkctob's  Notks. 


Skcbi:tary's  Notls. 


The  forty-fourth  report  of  the  Inspector  ot  Beformatory  atid  Indus- 
trial  Schools  in  Great  Britain,  Mr.  J.  B.  Lc^ge  (' Parliamentary 
Paper/  od.  840»  p.        oontaini  a  physical  cehsus  of  boyt  and  girla 
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in  those  schools  Uken  in  July  1001.  The  siiporintendents  in  industrial 
schools  wero  asked  to  furnish  thr  lu  iglit,  weight,  and  chest  measurement 
of  all  boys,  and  weight  of  allgirls,  between  the  ages  of  eleven  and  twelve 
and  lovrtoen  and'mtMii.  These  ages  were  selected  because  they  were 
conveideiit  lor  comparison  with  the  statistics  published  by  the  Aothropo- 
metric  Committee  in  1883.  The  height  was  taken  without  boots,  the 
weight  in  clothes  but  without  boots,  and  the  chest  girth  with  the  chest 
empty.  Tiie  results  witli  .some  important  comments  upon  tfiem  will  be 
found  in  the  Blue-book  referred  to,  and  the  Committee  are  glad  to  know 
that  Mr.  Legge  contemplates  calling  for  a  similar  return  in  1903,  when 
the  boys  and  girls  who  were  between  the  ages  of  eleven  and  twelve  will 
have  reached  that  which  wan  the  higher  age  in  the  previous  census,  and 
then  a  double  compmson  may  be  effected.  The  Committee  have  been 
favoured  by  Mr.  Legge  with  an  expression  of  liis  strong  opinion  that 
inquiries  of  this  sort  are  far  more  likely  to  get  results  if  the  particulars 
asked  for  are  few  and  the  apparatus  to  be  used  perfectly  simple  and  as 
little  like  a  laboratonr  instrument  aa  possible.  In  asking  merely  lor 
height^  weight,  and  chest  measurement  he  obtained  those  particulars 
from  practically  everybody  he  applied  to.  so  that  minor  inaccuracies  were 
checked  by  the  great  mass  of  figures  (3,679  boy.s,  1,24»)  girls)  he  had  to 
deal  with.  Had  he  asked  for  arm-stretch,  force  of  resistance,  and 
nervous  tests,  he  might  not  have  obtained  one-tenth  as  many  returns,  and 
those  with  greater  difficulty.    The  following  is  the  form  he  used : — 

JRtformatinry  School. 

Boijg  hetftfin  11  and  15. 

Height  (without  boots^,  weight  (in  clothes,  but  without  boots),  cbest  measnrement 

(over  shirt,  but  with  che-st  eiupty). 


Name  or  Number 


Town  nr 
Country  from 


Hoi^fht 


Weijjlit  (in 


CIh'hI  (fivpr 


Country  from   ,  /_;»i,_,,Tk-wa-\      cloUies,  but       bliirt,  but  witli 


oz. 


in. 


Thus  far  with  regard  to  the  collection  of  anthropometric  observations 

in  schools.  With  regard  to  the  practical  application  of  them  and  the 
deductions  to  be  made  from  them,  the  Committee  desire  to  draw  atten- 
tion to  an  excellent  paper  on  the  physical  examination  and  developnient  of 
public  schoolboys  read  before  the  medical  othcers  of  Schools  Association 
on  April  4,  1899,  by  Mr.  Cecil  Hawkins,  of  Haileybury  College.  Taking 
the  records  of  over  40,000  obeervatiooB  and  adopting  a  Qiodification  m 
Mr.  Francis  Gal  ton's  plan  of  percentiles,  the  author  has  conitmcted 
diagrams  showing  from  each  year  of  age,  from  eleven  to  eighteen,  a  series 
of  twenty  curves  of  growth,  increfise  of  weight,  and  increase  of  chest 
girth.    Xiie  application  of  these  diagrams  is  simple  and  effective  where 
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periodical  observations  of  the  same  individual  are  kept.  Thus  an  example 
is  i^ivon  of  a  boy  who  for  three  successive  half-yearly  periods  was  in  the 
curve  numbered  nineteen,  next  to  the  lowest  in  respect  alike  of  height, 
weight,  aud  girth.  In  the  fourth  half-yearly  period  he  was  up  to 
the  eighteenth  curve  in  height ;  in  the  fifth  he  reached  the  seventlt  in 
weight  Mid  the  eighteenth  in  girth.  In  the  seventh  he  gained  a  place  on 
the  seventeentli  curve  for  height  and  the  sixteenth  for  w^ght.  In  tlie 
eighth  he  fell  bade  a  little,  receding  to  the  eighteenth  curve  in  wei^rlit 
and  the  nineteenth  in  girth  ;  but  in  tlie  ninth  he  recovered,  rising  one  step 
in  each.  This  example  and  others,  given  in  the  same  paper,  show  that 
bj  means  of  theie  carvee  an  exact  demonstration  of  the  physical  history 
of  each  individnal  may  be  made.  They  lead  to  the  consideration  of 
another  point  which  is  within  the  reference  to  this  Committee — that  u, 
the  necessity  for  physiological  ol)ser\ ations.  ^Vhc^('  tho  statistics  aro 
treated  in  this  method,  showing  a  f;ill  and  recovery  in  the  relative  condi- 
tions of  growth,  it  is  evident  that  the  cause  of  such  fall  and  the  conditions 
of  such  recovery  ought  to  be  sought  for.  The  Committee  are  therefore  of 
opinion  that  the  play  adopted  by  Mrs.  Bryant  of  leaving  a  space  for  the 
medical  inspectors'  notes  is  desirable,  and  that  in  that  space  should  be 
entered  any  event  in  the  history  of  the  person  under  observation  affecting 
his  general  health. 

Subject  to  this  observation  tlie  Committee  attach  weight  to  the 
recommendation  of  Mr.  Legge,  and,  while  desiring  that,  wherever  practi- 
cable^ a  more  extended  series  of  obtervationt  should  be  set  on  foo^  such 
as  that  at  Marlborough  CoUcige  and  the  North  London  College  for  Girls, 
cannot  resist  the  couclusioDS  that  for  schools  generally  a  simple  record  of 
•  height,  weight,  and  cliest  girth  is  all  that  can  be  expected.  For  the  pur- 
pose of  keeping  the  record  of  each  individual  and  dealing  with  it  upon 
the  ingenious  method  devised  by  Mr.  Hawkins,  the  card  system  would  be 
found  very  convenient. 

The  following  form  of  card  is  suggested : — ' 


.School,                          .  Date, 
Initial  or  Register  2io.  of  scholar,         .   Sex,  « 

,19  . 
Age,    yean  months. 

JVoffkt  and  Measurements, 

Weight  in  iDdoor  school  costume,  witbont  shoes  . 

Height,  without  shoos  ....... 

Cheat  girth  at  luj-plu  line  when  fully  expanded,  tbu 
pupil  standing  upright,  with  chin  elevated  and  eyes 
directed  horiaontally  forward  

lb. 
in. 

in. 

oz. 
qnarters. 

Observations. 

[Teeth 
Month  <  Tongue 
Ll'alAte 

Eyes  Snellftif^'s  letter  test  (in  fall  daylight) 

Nose  /  ^^'■^athing 
1  Adenoids 

r  Face 

«   .  Hands 
herve  signs. 

V.  Posture 
Medical  ienpectors*  notes. 

'  Sug.L'cstion.s  made  by  a  Committee  previously  appointed  are  given  in  the  Report 
of  the  Oxford  Meeting,  WH,  p.  43t). 


Digitized  by  Google 


490 


KiiruUT-  1902. 


KnO\VLED(JK  of  lIvfJIENK  POSSESSED  BY  SCHOOL  TeACHKK.S. 

In  order  to  obtain  tlio  infonnatidn  desired  it  >vas  decided  to  send  a 
circular  letter  to  some  of  the  chief  School  Boards,  training  colleges,  and 
public  schools  in  the  United  Kingdom  ;  also  to  certain  private  schwU 
and  hiflfa  schools,  and  other  societies  and  institutions  engaged  in  edaca- 
tion.  The  cireiilar  letter  contained  questioni  framed  for  the  purpoae  ol 
obtaining  information  with  regard  to  the  practical  knowledge-  of  hjrgiene 
possessed  by  school  teachers. 

This  letter  was  sent  to  fifteen  public  sciiools,  four  high  schools,  four 
private  schools,  two  Church  schools,  oiglit  School  IJoanls  in  the  Iniited 
Kingdom,  also  to  the  iioard  of  National  Education  of  Ireland  (l)ublin), 
thirteen  training  colleges,  two  polytechnics,  five  societies  connected  with 
teaching,  and  to  certain  educationists. 

Replies  were  received  from  eight  public  schools,  eight  School  Boards, 
four  training  colleges,  and  two  other  institutions. 

In  answer  to  the  questions  contained  in  the  dlrcular  letter  it  was 
elicited  : — 

( I .  Are  any  certiiicates  in  hygiene  for  teachei-s  recognised  in  your 

schools  I) 

That  certificates  in  hygiene  vrere  recognised  (a)  in  only  one  private 
school ;  (6)  in  all  the  eight  Board  schools ;  (c)  and  in  only  three  training 
coUeges  from  whom  answers  were  received  ;  but  none  were  reoogniaed 
in  the  ei^ht  public  schools  nor  in  ihe  high  schools  that  replied. 

(2.  \N  iiat  certiiicates  in  hygiene  have  you  found  most  suitable  to  the 
requirements  of  teachers  1) 

That  the  following  certificates  connected  with  the  health  subjects  were 
those  held  by  the  teachers  or  recognised  as  a  qualification 

The  Certificate  of  the  Science  and  Art  Department  in  ilygiene  (Board 
of  Education) ;  Certificate  of  the  British  CoUe^  0f  Physical  Training  ; 

the  Ck>ll^e  of  Preceptors'  Associate  and  Licentiate  Diplomas ;  the 
Certificate  in  Hygiene  of  the  National  Board  of  Education  in  Ireland  ; 

the  Certificate  of  the  Sanitary  Institute  in  Practical  Hygiene  for  School 
Teachers.  The  examination  for  this  last- named  certificate  appears  to  be 
the  only  one  in  which  the  teacher's  practical  knowledge  is  tested  by  an 
oral  examination. 

In  those  .schools  in  which  no  certificate  in  hygiene  for  teachers  are 
recognised  the  teachers  liave  received  no  systematic  instruction  in  the  sub- 
ject at  all. 

(3.  If  the  teachers  with  whom  you  are  connected  have  not  been  pre* 

pared  for  any  special  certificate  in  hygiene,  have  they  received  any 
insti'uction  in  it  or  dealt  with  the  subject  at  all,  and,  if  so,  in  what 

manner  ?) 

In  those  schools  in  which  no  certificates  in  hygiene  for  tetichers  are 
recognised  the  teachers  have  received  no  systematic  instruction  in  the 
subject  at  aU. 

(4.  To  what  extent  are  teachers  required  to  exorcise  their  knowledge 
of  the  subject  l) 

a.  The  teachers  in  eight  of  the  schools  are  expected  to  exercise  their 
knowledge  to  a  slight  extent  in  the  management  of  the  school  building. 
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In  all  the  others  the  munagement  is  left  to  the  head  master  ur  head 
mistrasB  or  to  medical  officers  and  nothing  is  required  of  the  teachers. 

6.  The  arrangements  of  the  curriculum  are  for  the  most  part  left  to 
the  head  master  or  bead  mistress  with  occasional  discussions  with  the 
stafT. 

r.  The  physical  traiiiins:  aiul  flrill  are  apparently  eondiictccl  hy  the 
teachers  in  tlio  Board  schools  aiul  partly  by  specialists  in  other  schools. 
d.  In  three  of  the  largest  School  Boards  teachers  are  expected  to  make 

Sstematic  observations  of  the  pupils'  health,  eyesight,  defects,  dsc.,  under 
6  guidance  of  specialists. 

In  other  reports  the  methodical  observations  seem  to  be  simply  con- 
fined to  inspection  by  the  teachers  for  cleanliness  and  si^ns  of  infectious 
diseases  or  entrusted  to  a  limited  extent  to  the  medical  officer,  or  to  be 
altogether  ignored. 

(5.  What  opportunities  and  encouragements  are  afforded  to  the  teachers 
for  the  study  of  mental  and  moral  as  well  as  of  ph3r8ical  hygiene  t) 

In  some  few  schools  periodical  meetings  are  held  at  wliich  mental  and 
moral  school  hygiene  are  dealt  with  in  addresses  and  discussionsi  but  there 
is  no  other  endmoe  of  the  matter  being  treated  as  important. 

In  addition  to  the  replies  to  the  circular,  reports  on  the  subject 
have  also  been  received  nom  the  Dublin  Board  of  National  Education 
and  the  I^oodon  School  Board,  with  notes  by  Dr.  Kerr.  These  reports 
contain  valuable  infonnation  but  are  too  long  to  quote  in  full,  and  are 

therefore  summarised  in  the  followinp;  notes. 

The  Report  of  the  Commissiouers  of  National  Education,  Dublin, 
shows  : — 

That  about  three  hundifd  ajid  fifty  teachers  hold  special  certificates 
ill  hygiene  granted  to  them  by  the  Commissioners  :  Hygiene  and  Domestic 
Kconomy  for  the  female  teachers,  Elementary  Science,  8chool  Discipline, 
Physical  Drill  (into  which  questions  of  hygiene  largely  enter)  for  the  male 
teachers. 

Teadiers  are  required  to  attend  to  the  ventilation  of  schoolrooms  at  least 
three  times  a  day,  to  take  charge  of  the  offices,  il'c,  and  see  that  these  ar»» 
kept  in  proper  order.  Tlie  arrangement  of  the  curricula  does  not  depend 
upon  the  teachers,  and  the  methodical  observation  of  the  children  is  limited 
to  personal  cleanliness.  The  dozen  good  books  on  hygienic  subjects  sanc- 
tioned by  the  CSommlssion  for  use  in  National  Schools  includes  the 
'  Temperance  Lesson  Book '  (Blchardscm).  The  proi^ramme  of  instruction 
Ssaned  to  managers  and  teachers  calls  special  attention  to  the  need  of  the 
lessons  in  cookery  and  laundry  work  being  nuide  the  occasion  for  impart- 
ing sufficient  information  on  hygienic  matters.  The  object  lessons  and 
elementary  science  are  well  planned,  working  from  the  child's  point  of 
view,  but  the  list  of  the  optional  subjects  does  not  include  hygiene. 

The  Keport  of  the  School  Board  for  London  shows — 

That  the  only  qualification  in  hygiene  generally  recognised  by  the 
School  Board  for  London  is  the  advanced  certificate  of  the  South  Ken- 
sington Branch  of  the  Board  of  Education,  already  referred  to  in  Miss 
Ra\  enhill's  report.  Papers  taken  at  random  of  one  hundred  teachers 
applying  for  promotion  showed  that  beveuty  had  taken  this  certificate* 
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Teachers  are  also  required  to  obtain  the  Board's  phyncal  education  certi- 
ficate, but  are  exempt  from  the  theoretical  part  if  they  have  already  taken 
the  advanced  hyginne.  The  British  College  of  Physic.il  Education  grants 
a  certificate  for  male  and  female  .school  teachers  ;  a  cerliticate  on  the 
Swedish  system  is  also  granted  by  that  College  for  women  teachers.  Both 
of  these  are  regarded  as  falfilling  the  Board's  requirement 

The  Board  also  recognises  in  special  cases  the  certificate  ol  the 
Sanitary  Institute  as  an  idtemative  to  the  advanced  hygiene  certificate 
of  the  Board  of  Education. 

The  head  te.u  her  of  each  department  of  a  school  is  responsible  for 
seeing  that  the  regulations  as  to  school  liygiene  are  carried  out  with 
regard  to  <deanliness,  ventiUtioa,  keeping  temperature  of  claR8*rooiii8  at 
sixty  degrees,  supervision  of  offices,  Ac, 

The  Board  have  recently  arranged  for  eiglit  oculists  to  make  an  in> 
spection  of  the  children's  eyesight,  and  teachers  are  instructed  to  place 
blackboards  in  a  good  light  and  to  wi  ito  large  upon  them  j  also  to  study 
the  children's  eyesight  when  at  needlework. 

Remarhi  by  Dr.  Kkru. 

(a)  Female  teachers  generally  are  utterly  indifierent  to  the  question 
of  ventilation.   Many  of  the  older  teachers  are  opposed  to  any  opening  of 

windows. 

(6)  Most  teachers  resist  the  sutlicient  breaking  up  of  lessons,  and  do 
not  interpose  short  drills,  desk  exercises,  and  rests  as  they  should, 
especially  with  younger  children,  in  such  continuous  exercise  of  special 

ner%'e-centre8  as  is  involved  in  writing  lessons.  They  are  much  prone 
to  adopt  new  methods  witlunit  understanding;  })rincipleSy  and  the  results 
are  frequently  caricatures  of  what  is  really  wanted. 

Infant  teachei-s  seem  to  use  most  common  sense  in  relation  to  their 
work,  probably  through  the  influence  of  Froebel  Child  Study  and  other 
such  Societies. 

(c)  In  many  parts  of  the  oountry  there  is  little  or  no  physical  drill  or 
training  in  Pupil  Teacher  centres.  All  such  centres  ought  to  have  this 
8iil)iect  insisted  on  :  the  drill  they  want  is  more  elaborate  than  ordinary 
scliuol  woi  k,and  marks  awarded  for  drill,  general  carriage,  and  deportment. 
The  bearing,  carriage,  and  geneial  behaviour  of  pupil  teachers  has  a 
decided  influence  (subconsdousiyj  on  their  children.  A  report  to  the 
Bradford  School  Board  last  November  deals  with  the  inferior  physical 
oondition  of  pupil  teachers  at  central  classes. 

{d)  Most  teachers  only  look  oti  these  matters  as  they  are  likely  ti» 
atlect  their  school  results.  They  will  look  after  mouth  breathers  when 
they  realise  the  efiectual  result  of  surgical  treatment  educationally.  They 
do  not  take  the  trouble,  and  cannot  be  trusted  to  conscientiously  carry 
out  eyesight  testing  (probably  it  is  so  exceedingly  uninteresting  and 
monotonous,  the  immediate  results  are  not  apparent,  and  the  reasons  fw 
its  importance  they  fail  to  rf'rili?;o). 

(<?)  A  few  teachers  enter  into  «n  cry  educational  question  with  avidity, 
and  in  most  ca.ses  they  tind  in  towns  plenty  of  m»"ans  of  following  up 
subjects  in  which  they  are  interested.  Hygiene  as  a  part  of  every 
teacher's  equipment  should  be  Insisted  on,  and  have  equal  maiirt  with 
art.  It  would  greatly  add  to  the  teachers'  interest  in  their  work. 
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Kotes  by  Miss  RAV£yaiLL. 

!Mo8t  certidcated  teachers  have  'got  up'  the  subject  from  some  text- 
book in  order  to  take  the  Soienoe  and  Art  Department  '  Elementary 
Hygiene'  oertifioate.  This  is  usually  found  practicable  after  fifteen  or 
twenty  hours'  memorising  of  statements.    A  considerable  number  of 

teachers  atteiul  a  courso  of  instruction  wliicli,  almost  without  exceptions 
consists  of  theoretical  lectures,  sometimes  illustrato<l  with  a  few  experi- 
ments, occasionally  by  models,  but  more  oftfii  only  l)y  diagrams. 

There  is  little  or  no  evidence  of  any  practical  application  of  the  informa- 
tion  aoqnired,  and  no  linking  it  with  the  formation  of  habits,  either — 

(1)  in  the  rej^ulation  of  individual  life  and  personal  health  : 

(2)  in  the  schools  or  class-rooms  where  daily  work  is  carried  on  : 

(3)  in  the  lessons  given  to  the  children,  should  such  be  included  in 
the  time-tables. 

For  this  I  aoooant  by  the  following  reasons  : — 

(a)  The  force  of  habit,  which  leads  to  unquestioned  acceptance  of 
what  is  {i.e.,  of  a  low  standard  of  health,  ol  bad  conditions  for  work,  Ac). 

ih)  Ilie  absence  of  trainini,'  in  the  application  of  scho<d  or  college 
stadies  to  the  problems  of  life.  Hitherto  most  subjects  have  been 
memorised  for  teaching  purposes,  rather  than  studied  to  form  character 
and  to  influence  action. 

(c)  The  want  of  eucouragonient  from  inspectors  or  school  authorities, 
themselves  frequently  deficient  in  appreciation  of  the  great  importance  of 
hygiene  in  school  life.  Suggestions  on  sanitary  reforms  or  requests  for 
amendment  of  faulty  conditions  by  well-informed  teachers  are  not 
unusually  met  with  indifference,  occasionally  even  by  unpleasant  rebuffs 
and  hints  that  a  repetition  of  such  interference  will  mean  a  'block  mark' 
against  its  author's  name. 

{d)  The  deadening' efi*ect  of  work  carried  on  under  pressure,  often 
under  unwholesome  conditions  of  air,  which  reduces  energy  to  a  minimum. 

(tf)  The  English  point  of  view  that  *  someone  else '  is  responsible ;  and 
that  the  efforts  of  one  solitary  individual  must  be  futilo— therefore  to  make 
them  is  useless. 

My  experience  shows  these  teachers  to  be  quickly  aroused  to  a 
profound  self-sacrificing  interest  in,  and  appreciation  of  the  importance  of 
hygiene.  Their  enthusiasm  makes  them  active  in  the  desire  to  apply  such 
knowledge  as  soon  as  they  j^rasp  the  fact  that  opportunities  for  doing  so 
exist.  They  are  delighted  also  with  the  educational  possibilities  the 
subject  affords,  but  they  tind  themselves  checked  and  their  hands  tied  by 
the  attitude  of  their  authorities.  Speaking  generally,  little  encouragement 
is  given  to  pursue  the  study  with  tnoroughness ;  no  special  incentive  is  as 
jet  offered  for  its  practical  acquirement ;  while  the  prevalent  ignorance 
of  what  constitutes  school  hygiene  among  authorities,  the  fact  that  /.  $.  d, 
must  be  their  first  consideration  in  the  supposed  interests  of  tlio  rate- 
payers, and  the  custom  of  entrustini,'  tlie  care  and  regulation  of  school 
buildings  chiefly  to  untrained  caretakers,  limits  very  seriously  a  teacher's 
opportunities  for  direct  application  of  hygienic  knowledge* 
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Qficial  Ee/erences  to  Uie  Poasession  of  an  Acquainlance  with  Uyy  iene 

ofi  Ike  pari  of  EUmitUary  TeaeherB* 

(1)  Article  101,  Day  School  Code,  1901,  requires  managers  and 
teaohera  '  to  8atitf7  ^  inspector  that  aU  reasonable  care  is  taken  in  the 
ordinary  management  of  the  school  to  bring  up  the  children  in  habits  of 

punctuality,  of  good  manners  and  langiiage,  of  cleanliness  and  neatne&s, 
and  also  to  impress  upon  the  children  the  importance  of  cheerful 
obedience  to  duty,  of  consideration  and  respect  for  othera,  and  of  honour 
and  truthfulness  in  word  and  act,'  — but  no  special  reference  is  made  to 
the  formation  of  healthy  habits  as  such. 

(2)  Among  <  Notes  on  Artiolee  of  the  Code  of  1901,'  in  the  *|teviMd 
Instructions  applicable  to  the  Code  of  1901/  the  following  appeays  niider 
Article  15,  III. 

<Hoiiseh(^  management,  including  cookery,  laundry  woi^  and 
practical  housewifery,  is  reco^^^nised  in  the  Code  as  a  subject  of  int^voptiom 

and  a  irrant  is  made  for  it.  As  it  is  a  wide  subject  requirin£^  a  thorough 
knowledge,  not  only  of  the  practical  work  of  a  house  and  its  management, 
but  of  elementary  hygiene  and  physiologj',  it  is  necessary  that  the 
teacher  should  be  well  grounded  in  these  subjects.' — ^There  is  no  suggestion 
how  she  is  to  acquire  tms  knowledge. 

3.  In  'Specimen  Scheme  6  for  a  Girls' School'  (Revised  Iiistruction, 
1901),  lesQons  on  air,  yentilatiou  and  respiration,  water,  washing  and 
cleaning,  food,  drinks,  and  the  management  of  health  are  indudeq,  and 

presuppose  capacity  on  the  part  of  the  teacher  to  gi^  e  such  instruction. 

4.  Kiaijs  Si  hohiraJi  't i>  Fjainlnation  Si/Jhibus. — Until  December  1901 
this  included  domestic  economy  for  girls  ;  the  regulations  and  syllabus  for 
1902  omit  any  reference  to,  or  inclusion  of,  domestic  economy,  physiology, 
or  hygiene  in  the  girls'  studies. 

5.  Beffulatums  and  SyUabua  for  Aetififf  Teacher^  Certificai^  Sxaminfh 
(ion  for  1 903. — Subject  7,  theory  of  teaching,  B,  (2),  contains  the  foUowine 
dealt  with  theoretically  School  hygiene,  ventilation,  heating  and 
temperature,  overcrowding,  posture,  play  and  games,  cleanliness  and 
appearance,  signs  of  fatigue  in  cliildren,  influence  of  health  on  etliciency 
of  work,  unhealthy  children,  common  signs  of  depressed  health,  pallor, 
wasting,  ophthalmia,  stunted  growth,  neglected  children,  underfeeding, 
childrBn  requiring  special  attention,  crippled  chOdren,  mental  deficiency, 
real  and  appaiwit.  Apparent  deficiency  due  to  malnutrition,  irregular 
attendance,  errors  of  vision  and  deafness.  Onset  of  acute  diseases 
requiring  immediate  removal — rashes,  sickness,  swellings,  feverishnesf, 
irritability,  lits.' 

Subject  U  (for  women  acting  teachers).  General  element^  seience 
pfferB  candidates  a  choice  of  three  subjects : — 

A.  Physiography  : — 

I.  Elementary. 
II.  Advanced. 

B,  Elementary  biology : — 

(a)  General. 

(6)  Plant  life. 

(c)  Animal  life.  ^ 
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G.  Domestic  noienoe  tmd  ganeial  hygiene^  of  which  the  lyllabnB  is  as 
follows 

Domestle  SeienM  and  General  Hygiene, — Work  and  rest,  exerotse, 
halnts,  fecrsation,  food,  its  composition,  purity  and  preparation,  its 

transformation  and  destination  within  the  body,  dietaiy,  water-supply 
and  cleanliness,  fresh  air  and  iieating,  clothing,  materials  and  their 

selection.' 

Candidates  are  not  oxpectod  to  master  the  whole  of  these  subjects, 
and  may  choose  those  which  their  opportunities  of  stndy  and  observation 
or  their  special  tastes  render  suitable,  but  they  are  all  required  to  take 
elemental  physiography  (A).  Consequently  the  number  who  will  study  C 
is  quite  nhcertain,  and  in  any  case  the  subject  is  treated  in  a  very  restricted 
manner. 

I  hope  to  procure  later  on  some  information  as  to  what  is  finally 
required  of  certificated  teachers. 

It  should  also  be  noted  that  the  Education  Act  of  1898,  Clause  3, 
relating  to  tlic  inspeotton  of  secondary  schools,  states  that  the  inspection 
should  be  f(ir  the  purpose  of  ascertaining  the  provisions  made  for  the 
teaching  and  health  of  the  scholars. 

Notes  from  Hdioole  in  ike  United  States, 
Dtpartmtnt  of  Eduoatton^  CUjfo/Nsw  York, 

Answering  your  questions  in  the  order  in  which  you  state  them,  I  beg 
to  say,  in  answer  to  question  No.  1,  that  physiology  and  hygiene  are 
taught  systematically  in  high  schools  ;  physical  culture  and  care  of  heating 
and  ventilating  apparatus  are  taught  theoretically  and  practically. 

In  answer  to  question  No.  2  I  beg  to  say  that  teaciiers  .ire  hold 
responsible  for  the  heating  and  ventilating  conditions  in  their  class- 
rooms. 

In  answer  to  question  Ko.  3,  Yes. 

Tn  answer  to  question  No.  4  T  lu  g  to  say  that  physicians,  under  the 
direction  of  the  Department  of  Health,  visit  the  schools  daily  for  the 
pui-pose  of  making  cxamiTmtion  of  the  pupils.  Tho  sanitary  conditions  of 
the  buildings  are  looked  after  by  inspectors  appointed  by  this  department 
and  also  by  local  superintendonis. 

(Signed)  WlLLIAM  H.  MaxwBL]^ 

City  Superintendent  of  Schools, 

C/ev&land  Public  Schools. 

1st.  We  give  quite  detailed  attention  to  the  teaching  of  the  subject  of 
hygiene  through  our  teachers  in  our  City  Normal  School,  which  is  both 
theoretical  an<l  practical,  though  larg€'ly  the  fornipr. 

2nd.  Oui  teachers  are  held  responsible  for  the  care  of  their  rooms  in 
respect  to  all  immediate  hygienic  conditions,  including  temperature, 
ventilation,  and  other  matters  which  come  under  their  notice. 

3rd.  They  are  not  only  permitted  to  make  statements  in  regard  to 
sanitary  defects  or  arrangements  of  time  tables,  but  they  are  required  to 
do  so  whenever  they  have  special  viows  upon  these  matters. 

4th.  We  have  had  recently  appointed  a  supervisor  of  physical  educa- 
tion and  sanitary  conditions  of  the  schools.  It  is  Ms  province,  in  addition 
to  his  work  in  supervision  of  gymnastics,  to  make  suggestions  on  eSX  points 
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included  in  the  aanitation  of  school  buildings.  We  tiiink  we  have  mado 
great  progress  in  five  years  in  these  matters. 

(Signed)  Lb  H.  Johes, 

Superiniendeni  of  InHrueiion, 

*  School  Uyijlenf  '  in  (I'rrmtiii  Tni  'tn  'tng  Colie(/es, 
Kate  bif  Mr.  jM.  K.  Sadlek. 

Kcforonco  to  instruction  in  hy^i^ieno  is  made  in  tho  roi^uhilions  for 
Prussian  tiaining  colleges,  both  for  elementary  and  secondary  school 
teachers.  In  the  case  of  the  former  it  is  required  that  '  in  the  instruction 
given  to  tho  stndent  as  to  the  administration  of  his  oflice  he  shall  be  made 
aoquaintod  with  the  demands  of  school  hygiene.'  The  secondary  school 
teachers  in  training  are  liable  to  Ixj  called  upon  *  to  write  short  essays  on 
matters  connected  with  the  principles  of  school  hygiene.*  In  neither  case 
is  tliere  any  prescribed  syllabus,  and  the  extent  to  which  such  study  is 
pursued  will  vary  witli  local  circumstances.  Tho  many  excellent  text- 
books (^.y.,  Enbenbcrg  and  Bach,  Baginsky-Janke)  written  in  part,  if  not 
wholly,  by  teachers  prove  the  great  interest  taken  in  such  matters  by 
members  of  the  teaching  profession.  Nevertheless  there  exists  in  some 
quarters  a  desire  for  the  introduction  into  the  training-college  conrse  of  a 
much  more  detinite  scheme  of  study. 

COXCLUSIOK. 

The  information  so  far  collected  indicates  that  scliool  authoiities  verv 
imperfectly  realise  how  important  for  school  life  is  that  applied  knowledge 
of  the  several  sciences  which  constitutes  modern  hygiene. 

School  authorities  art>  content  to  allow  tetichers  to  remain  ignorant 
in  respect  to  this  knowledge  ;  or  they  are  content  to  accept  from  them 
as  evidence  of  suthcient  knowledge  certificates  which  guarantee  a  merely 
superficial  and  secoml  hand  actjiiaintance  with  thr  subject,  not  asking  for 
any  assurance  of  practical  insight  into  or  experience  of  the  facts  and 
problems  of  hygiene  in  its  application  to  school  life.  Encouragement 
shonld  be  given  to  those  teachers  and  school- workers  who^  learning  by 
the  heuristic  method  by  observation,  experiment,  comparison,  and  contrast 
In  personal  and  in  si  hotil  life,  are  bringing  al)out  healthier  meiiial  and 
moral  conditions  in  school  children  as  well  as  better  physical  conditions. 

The  careful  consideration  and  scientitic  and  practical  application  of 
health  conditions  in  all  arrangements  connected  with  education  and  school 
life  in  elementary  and  secondary  and  especially  also  in  public  schools  is 
of  such  vital  importance  to  the  effective  well-being  and  pix)gre«iS  of  the 
nation  that  the  Committee  urge  the  British  Association  to  memorialise 
the  Education  Department — 

1.  To  adopt  or  recognise  some  more  thorough  and  practical  test  of  a 
teacher's  knowledge  and  experience  of  the  application  of  health  conditions 

in  school  life. 

2.  And  further  to  protect  health  in  scliool  life  by  making  practical 
knowledge  of  hygiene  as  applied  to  school  life  an  essential  qmilification 
for  those  to  whom  it  entrusts  school  inspection. 

The  Committee  desire  to  be  reappointeil,  and  ask  for  a  grant  of  lOA 
in  order  to  continue  their  inquiry. 
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Section  A.— MATHEMATICAL  AND  PHYSICAL  SCIENCE, 

President  of  tue  Section— Professor  JouN  Pubseb,  M.A., 

LL.D.,  M.K.I.A. 


THURSDAY,  SEPTEMBER  II. 

The  Presidttiit  deUvered  the  foUowiag  Address : — 

Ih  opening  our  proceedings  to-day  aBow  xne  at  the  oatset  to  express  my  deep 
sense  of  tliu  honour  the  Ajsocietion  has  conferred  upon  me  in  asking  me  to  preside 

over  this  Section. 

My  predeceeaore  in  this  Ohair  have  nsnally  given  yon  a  survey  of  some  depart^ 

ment  of  Mathematics  or  Physics,  tradng  what  had  been  already  accornpliahed  in 
that  department  and  indicating  the  nature  of  the  problems  which  still  awaited 
aolutiou. 

Hay  I  crave  jour  ixidu](^oe  if  I  deviate  ftom  this  conrse  and,  fdlowbg  the 

suggestion  of  some  of  my  friends,  take  the  opportunity  of  the  Association  meeting 
on  Irish  soil  to  give  you  a  slight  historical  sketch  of  our  Irish  School  of  Mathe- 
matics and  Pliysics  ? 

In  attempting  such  a  review,  for  the  sake  of  brevity  as  well  as  for  other 
reasons,  I  shaU  confine  it  to  the  work  of  those  who  are  no  longer  with  us,  and  I 
would  not  carry  it  further  back  than  the  beginning  of  last  rentury.  This  spems  a 
natural  starting  point,  as  there  was  at  that  time  a  very  marked  revival  of  the  study 
of  science  in  the  TTniveTBity  of  Dublin,  a  revival  largely  due  to  the  influence  of 
Provost  Bartholomew  Lloyd. 

Lloyd  won  hia  Fellowship  in  Trinity  Colle<:e  a  few  years  before  the  century 
opened,  and  subsequently  tilled  in  succession  the  Chairs  of  Mathematics  and 
Natural  Philosophy.  In  both  departments  he  imprirted  a  radical  change  into  the 
methods  of  teaching.  By  his  treatises  on  Analytical  Geometry  and  on  Mechanical 
Philosophy  he  introduced  the  study  of  what  was  then  called  the  French  Mathe- 
niatics,  in  other  words  the  more  advanced  Analytic  Methods,  which  were  in  use 
on  the  Continent.  In  1881  he  was  appointed  Provost  of  the  College,  and  his 
tenure  of  the  oiiiee,  though  brief,  was  signalised  by  many  important  improve- 
nients  and  new  t]('vel.)',unents  eflected  in  the  University  teaching. 

Dr.  Bartholomew  Llovd  was  President  of  one  of  the  earliest  Meetings  of  this 
Association,  that  held  in  Dublin  in  183ft. 

His  son,  Dr.  Humphrey  Lloyd,  had  a  course  which  was  a  singularly  dose 
parallel  to  his  fathers. 

He  won  his  Fellowship  in  1824,  and  succeeded  his  father  in  the  ('hair  of  Natural 
Philosophy.  He  also  was  aftermufds  appointed  Provost,  and  he  too  presided  over 
another  Dublin  Meeting  of  this  Association,  that  held  in  1867.  He  also,  in  this 
again  following  in  hi?  father's  steps,  wrote  important  works  on  difft-rent  branches  of 
Physica ;  '  Light  and  Visionj'  a  systematic  treatise  on  plane  an  distinct  from 
physical  optics,  *  Lectures  on  the  Wave  Theory  of  Light/  and  lastly  a  treatise  on 
<  Sugnstism** 
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It  is,  perhaps,  in  eotiaeetioo  with  this  Utter  milrieet  thtt  his  most  important 
work  was  done.   He  made  in  association  with  Sabine  an  elaborate  series  of 

oh?orvntions  on  terrestrial  magnetism  in  twenty-four  Ktationa  in  various  parts  of 
Ireland,  and  when  subaequeutlj,  at  the  inatauce  of  this  Association  and  of  the 
Royal  Society,  the  Government  established  magnetic  observatories  in  different 
parts  of  the  world,  it  was  Lloyd  who  was  entrusted  with  the  task  of  drawiii|p  up 
the  manual  of  instnirtinn'^  for  the  oh<;prver8  and  of  rec*  ivin-j  tht-ir  report?. 

In  the  interval  between  the  t«vo  Lloyds  another  name  claims  utteution. 
*  Dr.  Romney  Rohioson  oecnpied  during  an  exoeptionally  long  life  a  much  honoured 
and  influential  position  amonirst  men  of  !4cienee.  It  was  in  this  city  he  received 
his  earlv  educntidn,  f'>v  \vh>'u  youTii'  Ilobin«on  was  only  nin*'  years  of  age  his 
father  had  occa^iion  to  move  to  BcUui^t,  and  he  placed  his  son  under  Dr.  Bruce,  a 
well-known  seboulmaster  of  those  days.  RobiiKon  was  afterwards  m^nt  to  Trinity 
College,  and  after  a  di9tin?uish<'(l  coune  was  elected  to  a  Fellowship  in  IrtU. 
For  some  years  h<  K'rtur< d  in  colleo'e  as  Deputy  Professor  of  Natural  Philosopliy. 
lie  reliiK^uibhed  his  l-  ellowiship  on  obtaining  a  College  living,  and  a  few  years  later 
was  appointed  Astronomer  in  chaige  of  the  Armagh  Observatory.  The  results  of 
his  observations  were  considered  so  Taluablc  as  to  he  used  by  the  German  astronomer 
Argelander  in  dft'  rmininir  the  proper  motions  of  stars.  The  rantre,  linwert-r,  of 
his  published  pap<  rs  was  by  no  means  confined  to  Astronomy,  but  extended  to  the 
most  varied  subjects,  Heat,  Electricity,  Magnetisia,  Turbines^  Air-pumps,  Fog- 
signals,  and  others.  He  is  best  known  to  the  general  public  as  the  inventor  of  the 
Cup  Anemometer.  He  was  chosen  to  presido  over  the  Birmingham  Meeting  of 
this  Association  in  1849. 

Robinson  was  intimately  associated  with  Lord  Rosse  and  keenly  interested  in 
the  experiments  which  culminated  iu  the  construction  of  the  great  reflector  in 
Parsonstown.  This  naturally  leads  us  to  speiik  n(  Lord  Ros^e  liimself.  Few 
sdentitic  achievements  took  a  greater  hold  upou  the  pubUc  mind  than  the  suc- 
cessful completion  of  bis  great  telescope.  Only  those  who  have  read  in  Lord 
liosse's  own  papers  the  description  of  the  many  difficulties  he  had  to  contend  with 
in  forging  and  p(dir<liing  that  wonderful  speculum,  harder  than  steel  yet  more 
brittle  than  glass,  can  adequately  appreciate  the  patience  and  resource  with  which 
tiiose  difficulties  were  successively  overcome. 

Of  the  results  obtained  with  this  instrument  the  most  notable  were  in  the 
ohservatiDU  of  the  Nebula',  a  department  wliere  its  unsurpassed  power  of  light-con- 
centration carae  fully  into  play.  No  doubt  at  tho  time  public  attention  was  most 
excited  1>y  the  resolution  of  a  number  of  hitherto  supposed  nebulie  into  star 
clusters,  leading  to  the  premature  conclusion  in  the  minds  of  those  less  instructed 
that  all  the  nebuhe  might  ultimately  lie  so  resohed.  To  tn.  luiwevr-r,  a  far 
greater  interest  attaches  to  the  ob.servution  of  the  structure  of  what  we  now  know 
to  be  genuine  nebulte,  especially  the  great  discovery  that  these  had  in  many  cases 
a  peculiar  spiral  form.  All  previous  telescopes  bad  failed  to  detect  this*  spiral 
character;  but  the  drawings  t:il;*ti  hy  L  ud  IJosse  aud  lii^  nss'stniils  put  this 
feature  beyond  question,  and  these  ha\e  been  fully  confirmed  in  recent  years,  when 
more  accurate  delineations  were  obtained  by  photography.  I  need  not  dwell  upon 
the  signifieanoe  of  this  form,  indicating,  as  it  does,  a  rotatory  movement  in  these 
mighty  masses  and  fitting  in  with,  if  not  actually  confirming,  Laplace's  Nebular 
Hypothesis. 

Sir  William  Rowan  Hamilton  was  undoubtedly  the  most  striking  figure  in 
the  annals  of  the  Dublin  School  o(  ^fathematics.  In  limine  we  must  make  good 
our  right  to  call  him  an  Irishman,  for  his  greatest  admirer  and  disciple,  Pro- 
fessor Tait,  has  claimed  him  for  a  countryman  of  his  own,  asserting  that 
Hamilton's  grandfather  was  a  Scotchman  who  migrated  to  Dublin  with  his  two 
young  sons.  That  this  was  a  complete  misconception  has  been  abundantly  proved 
by  till'  careful  investigations  of  his  friend  and  biographer.  Dr.  Tl.  V.  Crr;vi\-.  who 
shows  conclusively  that  the  only  known  strain  of  iScotch  blood  in  HamiJton  cauic 
through  his  grandmother,  who  was  the  daughter  of  a  minister  of  the  Church  of 
ScQkland. 

It  is  interesting  to  find  how  early  Hamiltoo's  remarkable  mental  poweia  began 
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to  abow  themtelTes.  Br.  Qmwm  bu  given  us  a  letter  from  his  motber  in  wbidi 

she  writei^  to  Ii^r  sister  of  thu  luarvellouB  prt>cocity  of  her  little  four-year-old  hoy, 
tellinpr  liow  '  hi'  reads  Latin,  (Jieek.  and  H.-brew.* 

His  mental  developmeut  did  not  belie  these  early  indications,  lor  at  the  age  of 
thirteen,  thanks  to  the  teaehing  and  oare  of  his  uncle,  who  was  a  most  extra- 
ordinary linguist,  he  had  not  only  acquired  a  considerable  knowled|pB  of  the  classics 
and  thf  modern  European  langiiagej!,  but  nUn  attained  some  profici»»ncy  in  Ariibic, 
Sanscrit,  and  Persian,  ills  mathematical  studie.^,  on  the  other  hand,  appear  to 
haTO  been  eanied  on  without  help  from  anyone,  and  it  is  noteworthy  that  ne  does 
not  seem  to  have  used  common  i«  \'  -l>  H>kr^.  ])ut  to  huvu  gone  direct  to  the  great 
original  authors;  e.g.,  he  read  his  algebra  in  Newton's  *  Arithtn«>tioa  Universalis'; 
while  at  the  age  of  tifteen  he  set  himself  to  read  the  '  I'rincipia,'  and  two  years 
later  began  a  systematic  ftudy  of  Laplace's  'Mdcsnique  Ctieste.'  I  lis  own  esti- 
mate of  his  powers  inny  be  gathered  from  a  characteristic  letter  to  Ids  sister 
written  just  after  he  had  entered  Trinity  College: — 

*  One  thing  only  have  1  to  re^r.  t  in  the  din  ction  of  my  studies,  that  tb.ey 
should  be  diverted— or  rather  rudely  forced — by  the  College  cour-^e  from  their 
natural  bent  and  favourite  channel.  That  bent,  you  know,  is  science— science  in 
its  most  exalted  heights,  in  its  most  secret  recesses.  It  has  so  captivated  me, 
eo  seized  on,  I  may  say,  my  aflfections  that  my  attention  to  classical  studies  is  an 
ellort  and  an  irksome  one;  and  I  own  that,  before  I  entered  College,  I  did  not 
hope  that  in  them  1  would  rise  above  mediocrity.  Mv  success  surprised  me,  but 
it  bss  also  given  me  a  spur  by  holding  out  a  prospect  that  even  in  the  less  sgieeable 
part  of  my  business  I  may  hope  still  to  succeed.' 

This  letter  is  interesting  a.s  indicating  on  Hamilton's  part  a  consciousness 
wherein  lay  his  real  strength  and  vocation.  Not  that  his  interest  in  litera- 
ture ever  abated.  To  the  last  he  loved  to  try  his  hand  at  poetical  composition, 
frequent  ly  inserting  in  his  letters  to  his  friends  sonnets  of  his  own. 

He  knew  Wordsworth  intimately,  and  the  poet  to  whom  he  sent  some  of  bis 
productions  gives  him  the  following  candid  advice : — 

'  Tt  woul<i  be  in.'^inrere  not  to  say  that  somotbing  of  a  style  more  terse  and 
ft  harmony  more  accurately  balanced  must  be  acquin-d  before  the  bodily  form  of 
your  verses  will  be  quite  worthy  of  their  living  souls.  You  are  perfectly  aware 
of  this,  though  ])erhaps  not  in  an  equal  d^ee  with  my.^elf ;  nor  is  it  desirable  you 
feliould  h\  for  it  niiglit  u^myt  \nn  to  labour  which  would  divert  you  from  subjects 
of  inflnitt  ly  ;:reater  imjwrtance." 

Hamilton  was  lir.sl  in  his  Colb-iro  classt»s  in  ovory  .>nl)ii ct  iind  nt  every  examina- 
tion, and  it  was  fully  expected  that  he  would  Ciury  ull  both  the  medals  in 
Ifathematics  and  Classics  at  his  Degree  when  the  following  circnmstsnces 
suddenly  changed  all  his  ])lans.  Dr.  Brinkley,  tlie  l'rofe.v*or  of  Astronomy  in 
the  University,  was  appointed  to  a  Bishopric,  and  Hamilton,  though  still  an 
undergraduate,  was  invited  to  ofl'er  himself  for  the  vacant  Chair.  Sir  Cleorge 
Airy  and  more  than  one  of  the  FeUows  of  Trinity  were  also  candidates,  but 
Uamilton  was  unanimously  elected. 

His  career  as  an  original  author  dates  from  this  time,  for  immediately  after 
his  appointment  lie  communicated  to  the  Iloyal  Irish  Academy  the  first  of  three 
remarkable  papers  on  '  Systems  of  liays.' 

Two  striJung  features  may  be  observed  in  these  papers,  as  indeed  in  all  his 
scientific  memoirs  :  the  generality  and  comproliensiveness  with  which  he  states 
his  object  at  the  out«ct  and  the  conlidence  with  which  he  follows  the  bold  and 
original  lines  of  treatment  whioh  he  lays  down  for  himself,  and  closely  connected 
with  this,  the  determination  not  to  be  baffled  by  any  laboriousness  of  cslculations 
which  the  application  of  his  method  may  involve  him  in.  In  his  first  paner  he 
be^fins  by  examining  what  happens  to  a  system  of  rays  of  light  emanating'  from  a 
point  and  subjected  to  any  number  of  redcctions  at  curved  surfaces.  He 
establishes  the  theorem  that  such  a  system  will  be  cut  orthogonally  by  a  system 
of  talhoBSf  the  length  of  the  path  neasued  fiom  the  oi%inal  source  to  any  of 
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thtfle  saifMM  being  the  tame  for  all  the  rays.   The  proof  he  fpvee  of  fhia  theoram 

is  80  simple  thnt  it  now  seems  almost  axiomatic;  but  it  i.^  curious  that  ^rahis,  who 
had  made  the  laws  of  I>i|^ht  his  special  study,  though  he  suspected  that  the 
theorem  ought  to  hold,  yet  found  himself  unable  to  establish  it. 

Hatnilton,  now  oonsideriniBc  the  length  of  the  path  to  any  point  as  a  funetioQ 
of  the  coordinates  of  that  point,  and  denoting'  this  function  by  V,  proves  that  V 
satisfies  a  simple  partial  differential  equation  of  the  first  order  and  proceede  to 
•how  the  important  part  the  function  V  plays  in  the  theory. 

He  goes  on  to  proye  generally  that  if  we  are  dealing,  not  with  right  lioef^ 

that  is,  with  paths,  for  which  aa  between  any  two  points  jd«  is  a  mtninran, 

hut  with  curved  paths  for  which  |/i<2<  is  a  minimum  (where  |t  is  a  function  of 

the  coordinates),  and  a  system  of  sucli  path*  be  drawn  through  a  given  point,  O, 
the  system  of  surfaces  V«=conpt.  will  still  cut  all  the  paths  at  rifrht  angles.  If  we 
adopt  the  emission  theory  of  Light,  and  we  take  for  n  the  velocity  of  Light,  V 
becomes 'the  Action/ and  the  minimum  property  which  the  paths  satisfy  is  the 
principle  of*  Least  Action.'  If,  on  the  other  hand,  wo  adopt  the  undulatory  theor\' , 
and  we  take  for  n  the  reciprocal  of  the  velocity,  the  minimnm  property  becomes 
the  principle  of  *  Leant  Time.'  Thus  liarailton  shows  thai,  by  alteriag  the  signifi- 
cance of  fi,  bis  method  applies  to  either  theory. 

Introducing  the  further  conception  th.-U  ;i  depends,  not  only  on  the  coordinates 
of  the  point,  but  also  on  the  direciion-nngles  of  the  ray,  he  is  able  to  apply  his 
reasoning  to  rays  pa&'^ing  through  a  crystal,  lie  gives  by  his  method  a  uew  and 
interssting  proof  of  the  equation  of  Fresnd*s  wave-eunace«  and  arrives  at  the 
conclusion,  hitherto  unnoticed  by  mathematicians,  that  this  wave-surface  ])np!*ecst^ 
four  conical  cusps  and  also  four  syiMfisil  taiif^ent  planes,  each  of  which  touches  the 
surface,  not  in  one  point  only,  but  in  an  infinite  system  of  points  lying  in  a  circle. 
The  pbymcal  significance  of  these  tbeotems  is  what  is  known  as  Gonieaf  Refraction. 

IlaviP!:''  drawn  this  inference  from  his  mathematlcnl  analysis,  ITamilton  wrote  to 
his  frien(i  J'r.  TJoyd  and  asked  him  to  verify  it  by  actual  observation,  and 
accordingly  Hamilton's  paper  in  the '  TrausacLions  '  of  the  Academy  is  accompanied 
by  another  from  Lloyd  describing  the  beautiftil  arrangements  by  which  he  had 
•nooeeded  in  verifying  this  reronrkable  phenomenon  in  both  its  varieties. 

This  striking  instance  of  scienlitic  ]irediction  naturally  made  a  great  sensation 
■t  the  time,  appealing,  as  it  did,  to  a  much  larger  public  than  the  few  select 
maithematicians  who  were  capable  of  mastering  tne  elaborate  treatise  <m 
'  Systems  of  Kays.' 

The  experimental  skill  that  was  required  to  obtain  these  results  may  be 
realised  from  the  circumstance  that  as  1  have  been  told  the  French  physicists 
found  themselves  unable  to  repeat  the  experiment  till  Lloyd  himself  went  over  to 
Plaris  with  his  instruments  and  showed  them  the  wny. 

Hamilton  was  so  well  satif-fit'd  with  the  success  of  his  new  method  in  dealing 
with  the  problem!)  presented  by  the  propagation  of  Light  that  full  of  enthusiasm 
he  proceeaed  to  apply  a  generalised  form  of  the  same  method  In  the  inreetigationa 
of  the  motion  of  any  mnterial  system,  and  n  paper  of  his  was  read  before  the 
Royal  SiTciety  in  1^34  with  the  following  title  :  *  On  a  general  method  in  Dynamics 
by  which  the  Study  of  the  Motions  of  all  free  systems  uf  attracting  or  i-epelling 
points  is  reduced  to  the  Search  and  Differoitiation  of  one  Central  Relation,  or 
Characteristic  Function.* 

To  show  the  importance  attached  by  the  most  competent  judges  to  Hamilton's 
work  in  this  field  of  Theoretical  Dynamics,  we  cannot  do  better  than  quote  the 
words  of  his  great  German  contemporary  Jaeobi,  who  afterwards  himself  added 
to  the  new  theory  such  valuable  developments. 

Jacobi  writes  as  follows  '  If  a  free  system  of  material  points  is  acted  on  by 
DO  other  forces  than  such  as  arise  from  their  mutual  attraction  or  repulsion, 
the  differential  equations  of  their  motion  can  be  represented  in  a  simple  manner 
by  means  of  the  partial  differential  coefficients  of  a  single  fun<  lion  of  the  co- 
oidinates.  Lagrange,  who  first  made  this  important  obaorTatioui  at  the  same  time 
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showed  that  this  form  of  the  ditVerential  equations  possesses  great  importance  for 
Analytical  Mechanics.  Tlie  marked  attention,  therefore^  of  mathematicians  could 
not  fail  to  be  aroused  when  Ili  ir  Hamilton,  IV^ft'Ssor  of  Asfronnmy  in  Jhiblin, 
indicated  in  the  Pliilosophicftl  Transactions"  thut  in  the  .Mtclianicftl  problem 
referred  to  all  the  integral  equations  of  motion  might  he  reprr'Aented  iu  juat  as 
simple  a  manner  by  ineana  of  the  Partial  Dillerential  CoetHcienN  of  a  tingle 
function.  This  i!<  und.)ubt(^ly  th**  most  oonaiderablt)  extoiudoti  which  Analytical 
JVIecltauica  has  rec«  ived  .-ince  Lagranj:*'.' 

It  will  be  of  interest  to  the  ejection  tu  recall  the  fact  thai  Hamilton  and  Jacobi 
met  each  other  for  the  first  and  I  fancy  the  only  time  at  a  Meeting  of  thit 
AMociation.  held  in  Mancheslcr  in  lS-12,  at  which  raf«ting  JacoU,  addressing  thit 
Section,  called  Hamilton  *  le  i^affranjre  de  voire  pays.* 

The  la^t  third  of  Hamilton's  life  was  mainly  devoted  to  the  development  of  his 
Qnartemion  Caleulut.  At  early  at  18S8  bit  Olatt  Fellow,  J.  T.  Qravet,  who  had 
"been  worlvinp-  at  the  theory  of  the  use  of  imajrinary  quantities  iu  Mathematics, 
wrote  an  essay  on  lnm^nnnr\'  Logarithms  which  lie  wis.hed  to  get  printed  by  thtt 
Royal  Society.  There  appears  to  have  been  some  hesitation  amongst  the  leading 
mathematicians  in  the  Soeietyt  notably,  Hertchd  and  Peacock,  amsat  publisbing 
Graves'  paper,  ns  they  felt  dubious  about  the  accuracy  of  his  restomn|(.  Hamilton 
heard  of  tliis  and  wrote  earnestly  t*>  HerscliHl  <lefHndinu'  hi^  friend'r*  conclusi  ons, 
and  it  seems  as  if  his  generous  deMre  to  Ut-lp  hi^  iiieud  iiri»t  t^t  hi$  own  mind 
working  in  this  direction. 

For  years  his  busy  brain  in  the  midst  of  all  his  other  wnrlc  kept  ponderinpovrr 
this  question  of  the  interpretation  of  the  imaginary,  and  he  has  left  us  in  hit 
*  Lectures  on  (Quaternions  '  an  elaborate  account  of  the  many  systems  he  devised. 

It  wat  only  in  1843,  fiftoen  years  later,  that  he  first  invented  the  osiebrated 
laws  nf  com])ination  of  the  ([iiadrnntal  verstirs  of  the  (Quaternion  ('alculue, 
Argand,  Cuucliy,  and  others  had  proposed  lor  space  of  two  dimen^iofis  the  theory 
now  known  as  that  of  the  Complex  Variable.    For  them  meant  tiie  vector 

to  the  point  ly,  and  the  product  of  two  vectors  meant  a  new  vector  of  the  tame 
form,  the  only  law  requtKd  being  that  i  operating  upon  i  wat  always  equivalent 

to  -  1. 

Many  uttempts  had  been  made  to  form  on  similar  lines  a  Calculus  which 
thoold  apply  to  space  of  three  dimensions ;  but  to  &r  aH'such  attempts  had  proved 

unsuccessful,  the  laws  by  which  the  new  symbols  acted  upon  one  another  leading 
to  results  hopelessly  involved.  It  was  here  that  Hamilton'i^  wonderful  faculty  of 
scientific  imagination  came  into  play.  He  proposed  that  a  vector  should  be 
denoted  by  ix-i-  jy+kz.  As  in  the  theory  of  the  oompWx  vsrisble  in  two  dimen* 
sions  the  result  of  any  number  of  Fuccessive  operations  always  preserved  the 
fund.iTnental  type  a-tib,  so  it  was  de.«*irable  that  the  residr  of  the  successive 
o()eratious  of  his  vectors  should  issue  in  an  equally  simple  luodamental  type.  This 
end  he  found  he  could  attain  if  he  discarded  the  commutative  principle  which 
hitherto  had  barred  his  own  progress  and  ihnt  of  others,  yet  preserving  the 
distributive  and  associative  principles,  nnd  finally  one  happy  evening  he  nrrived 
at  the  beautifully  simple  laws  by  which  the  symbols  of  this  Calculu.<4  act  upon 
each  other ;  that  not  only  - j»  s  ^  ■>  - 1 ,  but  also  that  rf  «  -jV ak,jk-  -  f,j  =  i, 
ki"  -  {k=j. 

Though  it  was  thuf — ns  the  product,  that  is,  of  two  vectors — that  the  Quaternion 
Hrst  presented  itself  to  Hamiltuii,  he  of  course  saw  that  it  immediately  followed 
that  it  might  be  regarded  as  the  ratio  of  two  vectors,  in  other  words  the  operation 
which  turned  one  vector  into  another.  In  fact  in  the  more  synthetic  exposition 
which  is  contained  in  '  The  Elements '  he  makes  this  latter  the  starting  definition 
of  the  Quaternion. 

It  is  noteworthy  that  this  the  more  complete  and  systematic  presentation  of 

the  subject  by  its  illustrious  author  may  be  said  to  owe  its  origin  to  the  kcflB, 
interest  ray  predecessor,  Professor  Tait,  took  in  the  new  Calculus,  of  which,  as  you 
know,  he  ever  afterwards  remained  the  most  ardent  champion.  This  interest  led 
him  to  ioek  from  Dr.  Andrews  an  mtroduction  to  Hamilton,  and  tl^e  encourage* 
mant  came  to  Hamilton  at  ap  opportune  pioment|  for  he  wpte 
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'  It  WIS  asclul  to  roe  to  have  my  attention  recalled  to  the  whole  tulrieet  of 
the  Quaternions,  which  I  had  heen  almoat  trying  to  forget,  partly  under  the 

impression  that  nobody  caved  or  would  soon  care  about  them.  The  rppult  se^^ras 
likely  to  be  that  I  shall  go  on  to  write  some  such  "  Manual/'  but  nece^isariiy  a  very 
short  one.' 

« 

The  'Manual'  thus  fonehidowed  heeame  the  Tdnminoas  tmtiie  'The 

Elements  of  (^mt-  vnions.' 

Those  interested  in  the  future  of  Quaternions  will  have  welcomed  the  new 
editbn  this  work  brought  out  hy  the  preeent  occupant  of  Hamilton**  Ohair, 
PsofesBor  Charles  Joly,  who  has  himself  also  added  some  remarkable  deTelopmenta 

to  one  branch  of  the  subject,  i]u-  Tlieory  of  the  Linear  Vector  Equation. 

Hamilton 'ri  Quaternions  mav  be  viewed  in  two  lights,  as  a  development  of  the 
logic  and  philosophy  of  symbols  In  their  relatioii  to  ipaoe  of  three  dimenMons  and 
also  as  nn  instrument  of  foaoaicfa  is  Geometry  and  Phyttcs.  In  the  former  aspect 
the  Quaternions  will  ever  remain  a  splendid  monument  of  the  imapinatiou  and 
genius  of  its  inventor.  In  the  latter  point  of  view,  that  is,  when  we  come  to 
regard  it  as  a  working  calculus,  it  would  be  prematUTe  as  yet  to  fix  the  place  it 
wUl  ultimately  ooeupy. 

A  few  years  nftcr  Hamilton  had  entered  upon  his  ."Scientific  cnreer  James 
BlacCuUagh  won  Iuh  Fellowship  in  Trinity  CJollege.  Afttyr  au  interval  of  three 
yean  he  was  appointed  Professor  of  Mathematics,  and  eight  years  later  soo- 
oeeded  Dr.  Lloyd  in  the  Chair  of  Natural  Philosophy.  It  would  be  difficult  to 
overestimato  the  stimulating  efl'ect  of  MacCulhiph's  lectures  as  Professor  upon  the 
Mathematical  School.  Many  of  those  whose  names  stand  out  afterwards — such 
men  as  JeUett,  Michael  and  William  Iloberts,  Haug'ht^m,  Townsend,  and  our 
present  honoured  Provost— were  MacCull.n^h's  pupils.  To  tlie  present  day  the 
tradition  .still  lin^^ers  in  Trinity  College  of  the  impiessioo  MacOuiiagh  made  upoo 
the  minds  of  those  with  whom  he  came  in  contact. 

When,  passing  from  his  influence  as  a  teacher,  we  come  to  examine  his  own 
original  work  we  find  that  this  natursUy  divides  it.nelf  into  two  departments,  the 
first  embracing  (if  init  try  and  that  part  of  the  field  of  Mathematical  l'hy>ics  which 
most  resembles  Cieometry,  that  in  which  the  fundamental  principles  a.e  entirely 
agreed  upon  ;  the  second  his  work  in  Physical  Optics,  where  he  has  to  imagine 
new  jinttciples  which,  mathematically  developed,  should  correlate  the  emjnrical 
laws  hitherto  obtained  and  be  capable  of  verification  by  exjx  riment. 

Of  the  first  class  we  have  his  studies  in  *  ISurfaces  of  the  Second  Degree.*  The 
most  striking  result  he  here  obtained  was  the  discovery  of  the  modular  generation 
of  the  quadric,  thus  extradinqr  to  surfaces  the  focue-mid-directrix  property  of  the 
conic  in  piano.  We  are  also  indebted  to  him  for  some  very  elegant  tlieorem*;  in 
tlie  theory  of  eonfocal  quadrics,  a  subject  to  which  he  devot^  much  attention. 
He  likewise  gave  a  course  of  lectures  containing  a  masterly  discussion  and  geo- 
metrical presentment  of  the  motion  of  a  rigid  body  round  a  fixed  point  not  acted 
on  by  external  forces. 

At  the  very  outset  of  lus  career  as  an  original  author  he  seems  to  have  been 
attracted  by  the  theory  of  Light.  To  understand  the  ardour  with  whieh 
MacCuIlagh  andhisoontemporarie.s  dt  voted  their  mathematical  powers  to  Ph3r8ical 
Optics,  we  in\\9i  f  ndenvour  to  recall  the  circumstances  of  the  time.  The  celebrated 
memoirs  of  Fresuel  h«d  recently  appeared.  In  these  he  had  proved,  following 
Young,  that  the  ethereal  vibrations  which  constitute  Light  must  be  in  the  plane  of 
the  wave-front ;  that  a  beam  of  polarised  light  was  simply  a  system  of  parHllrl 
waves  in  which  the-^e  transverse  vibrations  were  all  in  one  (lir-  oiion.  llo  hud 
applied  the  theory  of  the  ellipsoid  to  ^rove  that  there  were  three  directions  in  a 
crystal  in  which  the  restitution-force  coincided  with  the  direction  of  the  vibrations  t 
that  in  the  plane  of  every  wave  there  are  two  directions  along  which,  if  a  partida 
vibrate,  the  component  of  the  rt  stitntinn-force  resolved  in  the  plane  of  the  wave 
will  be  along  the  direction  of  displacement.  lie  had  also  from  these  principlea 
deduced  the  equation  of  his  famous  wave-surface. 

How  much  the  work  of  Freanel  filled  the  iwagiwation  of  ioifiitifie  men  in 
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those  dajs  may  be  st'en  from  the  enthusiastic  language  which  the  suber-miaded 
Br.  Hnmphrey  Lloyd  allows  himself  to  use  about  nini  in  bis  valoaUe  report  on 
Physical  Optics,  which  he  wrote  for  this  Assoeiation  in  1834. 

In  pn>i>iiiir  I  would  say  tlifit  the  name  of  I'rp.-iit-l  reminds  ns  of  th<'  loss 
Science,  uud  especially  this  Section,  has  sustained  since  we  labt  met  in  the  death 
of  that  illustrious  French  physicist  who  devoted  bis  life  with  socb  ardour  and 
success  to  the  saoM  field  of  rasearch — Alfred  Coratt.  Those  of  us  who  had  the 
privilege  of  bein'r  prt  seiit  will  rerall  willi  u  sad  pleinnre  the  beautiful  addr>  ss  he 

Sve  us  in  Cambridge  on  the  Wave  Theory  of  Light  on  the  occa&iuu  ul'  bir 
H)rge  Stokes' jubilee. 
I  resnel  in  his  SDalysis  had  assumed  that  when  the  molecules  of  the  etber  are 
disturbed  by  the  passage  of  ;i  wavo  the  force  nf  reatitufion  noting  upon  a  mole- 
cule dependb  upon  that  molecule's  absolute  displacemeut.  Cauchy  and  Neumann 
and,  in  England,  (ireen,  improved  on  Freeners  reasoning,  making  this  force 
depend  not  on  the  absolute  but  on  the  relative  displacement;  all  these  physicists, 
however,  worked  on  the  lines  of  endeavouring  to  form  an  explanation  of  the 
propagation  of  the  waves  of  Light,  by  treating  them  hs  the  waves  in  an  elastic 
medium,  akin  in  its  properties  to  a  solid  medium  in  which  the  stresses  depend 
on  the  deformation  of  the  elements. 

MacCuHaL'li  atfreed  with  the.^e  others  in  niakiii'j  the  forces  of  retititution  depend 
on  the  relative  di^tplacemeuts  at>  expressed  through  a  certain  tunctiuu  V,  which 
represented  the  potential  energy  of  the  medium.  In  the  further  development  of 
the  theory  be,  however,  diverges  fn)m  t  heui  and  adopts  a  line  of  his  own.  Struck 
by  the  t>igiii[ic  ance  of  the  fact,  to  which  he  seems  to  have  b06D  the  first  tO  direct 
attention,  that  the  vector  whose  components  are 

which  we  now,  of  course,  know  as  the  vector  of  molecular  rotational  displace- 
ment-, was,  so  to  speak,  a  phynical  vector,  independent  of  the  choice  of  our  axes  of 
coordinates,  he  was  led  to  the  idea  of  choosing  for  the  form  of  V  that  of  a  homo- 
geneous fjuadric  in  thes«'  iliree components.  It  must  l»e  admitted  that  the  reaM)oinf»' 
by  which  he  attempt<j  to  prove  the  necessity  of  this  assumption  is  eminently 
unsatisfactory,  and  that  the  assumption  itself  lay  open  to  an  apparently  fatal 
objection  urged  later  by  8toke«,  that  of  neglecting  to  secure  the  equilibrium  of 
the  element  of  the  medium  quocul  moments. 

Having,  however,  adopted  this  form  of  V,  MacCuUagh  proceeds  ^making  the 
assumption  that  while  the  elasticity  of  the  medium  Tari^l  the  density  was  every- 
where the  .>arae),  hy  processes  of  remarkable  «degance  and  simplicity,  to  develop 
the  laws  of  wave  propagation  in  a  crystal,  thus  veiifyin;,'  the  wave-surface  of 
IVesuel,  while  at  the  same  time  he  found  himself  able  to  satisfy  completely  the 
reoairements  at  the  limits.  He  could  also  point  to  «cperience,  e.ff.\  tint  experiments 
of  Brewster  and  Seebeck,  as  jastifyinji^  the  simple  and  beautifol  laws  which  he  had 
succeeded  in  obtaining. 

Nevertheless  the  force  of  Stokes'  objection  was  felt  to  be  so  strong  that  one 
who  reviewed  the  subject,  say  thirty  years  ago,  would  have  regarded  MacCttl]a|fh's 
work  in  Optics  as  presenting  indeed  opportunities  for  Ixwutiful  mathematical 
developments,  but  lackinir  sound  jdiysical  ba^is. 

The  publication,  however,  of  the  epoch-making  treatise  of  Maxwell  on 
Electricity  and  Magnetism  entirely  changed  the  aspect  of  the  question,  and  in 
particular  threw  a  new  light  on  MacCullagh's  assumption.  FitzGerald,  in  1870, 
pointed  out  that  the  Potential  Knertrv,  whit  li  in  .Mavwell's  theory  was  equivalent 
to  the  electro-static  energy,  reailv  was  a  quadratic  function  of  three  variables,  which 
answered  to  the  components  of  MaeCullagh's  molecular  rotation,  and  accordingly 
led  to  the  same  diffemntial  equations  nf  the  motion  ss  MacOidln^h  had  deduced. 

Subsequently  Larmor,  in  his  remnrlirihh  invest  it;ahon  of  the  Ih  naniical  Theory 
of  the  Electric  and  Luminiferous  Ether,  deliberately  reconsiders  MacCuUacb's  posi- 
tion, finds  in  Act  in  his  aquations  the  starting-point  of  his  own  tbeoiy.  He  points 
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out  the  real  significAnce  of  l^IacCuUagh'R  f imction  V ;  that  it  eorretponda  to  a  strNS- 

Btrnin  system,  but  one  of  a  very  ivn-*A  f  vpo;  one  in  which  tho  stresses  depend 
entirely  on  tbe  rotAtiooal  dieplacemenis  of  the  molecult!^,  and  are  otherwise 
ahflotntelj  unaffected  hr  the  ordtnary  d«foniiation-fitrains.  He  fitrthinr  shows  thiit 
the  difficulty  under  which  MacCullaifh's  theory  laboured,  that  it  did  not  provide 
f-  r  the  rotatory  t'qnilihrinm  thf  r;t»!r:frit .  ctuiM  1m-  rpuiored  if  we  allowed  OW* 
ttelvva  to  atittuuie  the  e\it»tfuctt  ut  ti  hidden  torque  HCting  on  each  element. 

As  I  understand  the  advocateR  of  this  theory,  they  maintain  that  an  important 
atep  haM  been  made,  e?cn  thou^'h  in  the  present  Htate  of  our  knowledge  we  ntoy 
imt  hi'  able  to  account  for  tlif  oxistence  of  this  liiddt  n  tnrqiif.  Tlipy  ]»oint  out, 
however,  that  such  a  torque  is  at  least  not  inconceivable,  whether  its  explanation 
he  MHight  in  ecmAeakd  ktnetic  phemnneiia,  as  in  Lord  KeMn's  material  gyrostat!- 
cally  cjnstitnted  medium,  or  in  qaasi*magnetic  forces  supposed  to  reside  in  tbe 
ethereal  elements. 

Should  this  theory  of  a  rotutiouallv  elastic  ether  obtain  linal  acceptance,  it 
will  of  course  he  a  matter  of  congratufation  to  MacCulIsirh's  countrymen  to  find 
that  his  labours,  in  this,  perhaps  the  most  important  field  of  his  researches,  huvo 
not  been  thrown  away  ;  that  they  represent  no  mtTo  play  of  elegant  mathematical 
aualy»ui,  but  a  real  step  in  the  progress  of  physic<ii  science. 

A.  few  years  after  MacCuIIat;h,  two  other  well-known  men,  whose  names  for 
half  a  cHiitiiry  were  associated  with  tbe  Mathematical  S^-hool  in  Dublin,  were 
elected  Fellowa  —  Andrew  Senrlf  TIart,  afterwards  Sir  Andrew  liar*,  am!  «'li:irle8 
Graves,  bubsequently  Jiishop  of  Limerick.  They  won  their  Feliowshipii  in  two 
flttocessiye  year.s,  and  hoth  lived  to  an  advanced  age. 

Hart  liad  a  great  reputation  ns  a  georoeter.  His  examination  papara  were 
specially  noted  for  the  number  of  or:g^in;i!  problems  they  containcxi.  As  specimen!* 
of  hii  work  we  may  instance  the  following.  Extending  Feuerbach  a  theorem  for 
the  ninC'poiDt  mrcle,  Hart  diowed  that  the  eirdes  which  touch  three  gi\  en  circlet 
can  be  distrihttted  into  sets  of  four  all  touched  by  the  same  circle.  1  le  also  showed 
that  Poncelet's  beautiful  pori-^m  forconTfil  circles  in  piano  held  for  the  surface  of  an 
ellipsoid,  it  we  replace  the  rectiiineui  polygons  by  geodetic  polygons  and  the  coaxal 
circles  by  lines  of  curvature. 

(iraves  became  Profei'sor  of  Mathematics  on  MacCuUagira  resigning  the  Chair  in 
l84'•^.  He  was  lar^'cly  intluencf^d  by  tlie  writing's  of  flimsies, of  whcse  two  memoirs 
on  Cones  and  Sphenc-ul  Conies  he  published  a  translation.  In  this  were  iucor- 
poratedvalttahleoriirinaladcUtiooaof  his  own,  amongst  othersthe  remarkahle  theorem 
that  if  two  spherical  ellipses  are  conA^cal  the  .sum  of  the  tangents  drawn  to  the 
inner  from  any  point  of  the  outer  exceed.s  the  intt^rct  ]>f''rl  are  between  the  points  of 
contact  by  a  constant  length,  a  theorem  which  of  couri^e  includes  the  corresponding 
proposition  for  confocals  in  piano.  Graves  wss  one  of  tbe  first  to  apply  the  method 
of  the  Separation  of  Symbols  to  J  >itrerenlial  Equation?,  and  gave  an  elegant  de- 
monstration by  tln<  ii'.rtlirni  of  .Tacobi's  Celebrated  test  for  distinguishing  between 
maxims  aiid  minima  in  the  Calculus  of  Variations. 

On  the  death  of  MacCullagh  it  was  determined  to  strengthen  the  Natural 
Philosophy  department  by  the  efttablishment  of  a  second  Professonhip  in  that 
aubject ,  ami  Jellett,  one  of  the  ablest  of  MacCullsgh*s  pupils,  was  appointed  to  the 
new  (/hair. 

His  first  published  work  waa  liis  <  Calculus  of  Variations,*  which  at  the  time 
it  was  written  constituted  the  only  systematic  English  treatise  on  the  subject.  It 
is  marked  by  that  peculiar  ncuteness  and  power  of  fastenin<r  on  e^<etuinl  ]>oint  ?j, 
whether  for  criticism  or  exposition,  which  was  the  author's  leading  chnractcrutic* 
Apart  from  the  ezcelleBt  aooonnt  he  gives  of  the  researches  of  Continental  mathe- 
maticians, I  would  notice  especially  his  most  interest!  ngchaptera  on  the  conditiona 
of  integrability  and  many  valuable  geometrical  theorems  on  surfacts  hence 
resulting,  in  discussing  his  more  properly  original  work  we  may  arrange  it  in 
three  diviuons:  let,  his  papers  on  EUsticity;  2nd,  that  on  the  properties  of 
Inextensible  Surfaces ;  3rd,  those  on  the  application  of  polarissd  light  to  the  new 
iubject  of  Chemical  Equilibrium. 

i|i  taking  up  the  problem  of  an  elastic  medium  and  the  propagation  of  waves 
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in  such  modiam,  Jellett  follows  the  example  of  MacCuUafrh,  wKo  had  mode  thii 

subject  one  of  special  interest  to  the  Dublin  school.  In  these  raeiuoirs  ht>  draws 
attention  to  a  remarkable  ditlereuce  in  the  mode  of  regarding  the  molecular  con- 
stitution of  the  medittm,  a  dtfferenee  eornMpondlng  to  what  ia  now  known  as  the 
distinetion  between  the  Uari-constant  and  Multi-constant  theories.  AVe  may,  Jellett 
points  out,  reg'anl  the  acttun  between  two  nirilfciiles  nn!y  eoiiditidin"!  by 
relative  position  of  these  molecules,  or  as  dependent  alhu  on  the  position  ot  tho 
noi^hbouring  molecules.  The  first  is  termed  dj  Jdlett  the  hypothesis  of  indepen- 
dent action,  and  this  he  shows  to  lie  at  the  ba^is  of  Cauchy's  theory,  whereas  tho 
theory  of  Cireen,  the  Entflish  elastician,  essentially  involve!*  tho  second  hypothesis 
which  Jellett  calls  '  modified  nctioo.'  lie  established  in  the  same  papers  the  im- 
portsnt  theorem  that  if  a  Work  function  exists  the  three  directions  of  vibration, 
Cori  esjioDding  to  a  plune-wave,  are  rectangular,  andvtcr  verm. 

ill  his  memoir  on  Inexteiislble  Surfaces  various  interesting  questions  are 
discussed,  lie  proves  that  in  the  case  of  a  fynclastic  surface  if  a  closed  curve 
on  the  surface  be  held  fixed,  the  entire  surmce  will  be  immorable ;  that  on  the 
other  hand  on  an  anticlustic  surface  it  is  possible  to  draw  a  curve  which  may  be 
held  tixed  without  itivolviog  the  immovability  of  the  surface,  the  conditions  l)ein^'' 
that  the  curve  will  be  that  formed  by  the  t^ucce8»ive  elements  of  the  iuUexiouai 
tangents.  The  mathematical  theory  of  such  curres  hsd  been  already  studied,  but 
Jellett  seems  to  have  been  the  first  to  signalise  their  importance  in  the  theory  of 
defunuution,  and,  on  account  of  «})♦'  property  referred  to,  he  propof-ed  to  cmU  them 
Curves  of  l-lexure.  It  m  luteresung  to  remark  that  Maxwell  was  attracted  by  the 
same  Mibject  of  InextennUe  Surfaces,  and  in  one  of  his  earliest  p  a  i  t  rs  confirms  by 
an  entirely  different  method  several  of  Jellett's  conclusions. 

\i  the  close  of  Jfllett's  paper  a  rem rirk able  ])r(>]iof;itinn  islftid  down,  !\])parently 
for  the  first  time,  that  a  closed  ovui  uurlace  cannot  be  luextensibiy  deformeil ;  io 
other  words,  that  if  such  a  surface  be  perfectly  inextensible  it  is  also  perfectty 
rigid.  I  think  we  must  admit  that  the  proof  of  this  striking  theorem  offered  by 
Jellett  is  by  no  means  satisfactory.  hubt<rquent  attempts  by  others  to  establish 
this  proposition  can  hardly  be  (aid  to  be  more  successful,  but  the  fact  that  it 
can  DO  rigorously  proved  true  for  a  sphere  or  more  genersUy  for  any  ellipsoid 
seems  to  indicate  that  we  have  here  to  do  with  n  real  and  important  theorem,  but 
one  which  needs,  as  is  SO  often  the  case,  to  have  the  limits  of  Its  application  more 
clearly  dehned. 

Many  experimental  physk»sts  will  know  JeUett  best  by  the  beautiful  and 

delicate  instrument  be  invented, '  The  Double-plane  Analyser,'  an  instrument  which 
he  devilled  in  order  to  secure  the  mor<'  (-.vact  uetermination  of  the  rotation  of  the 

5 lane  of  polari6Uliou  than  could  be  obtained  by  the  polanacupes  hitherto  in  use. 
ellett  was  actuated  hers  by  the  consideration  that  he  saw  in  this  phenomenon  of 
the  rotation  of  the  plane  of  polarisation  a  mims  of  attacking  tho  interesting 
problem  of  chemical  equilibrium.  Chemical  equilibrium  he  de tines  thus :  'Two 
or  more  substances  may  be  said  to  be  in  chemical  equilibrium,  if  they  can  be 
brought  into  chemical  presence  of  each  other  (as  in  a  solution)  without  the  forma- 
tion of  any  new  compound  or  change  in  the  amount  of  any  of  the  former  com- 
])Ound^^  wbicli  hnxetlius  been  brouL'lit  together.'  In  a  mixfd  solution  of  -undry 
hat«es  and  acids  where  all  tbe  posMble  sails  are  soluble,  what  are  the  pru^>oitiou8  in 
which  tbe  acids  are  distributed  amongst  the  bases  P  Such  was  Jellett  s  question, 
and  in  answering  it  he  arrives  by  a  remarkable  train  of  quasi-mathematical 
reasoning  at  o  rtnin  laws  «roverning  thi>!  distribution,  nnd  proceeds  to  establish  the 
truth  of  these  laws  by  observation  with  his  new  pulariscope. 

He  also  discusses  in  the  same  papers  two  alternative  theories  which  we  can 
hold  of  chemical  combination,  tbe  '  statical*  and  the  '  dynamical,'  and  shows  from 
the  consideration  of  the  number  of  equations  which  subsist  that  the  'dynamical 
theorv '  is  alone  admissible. 

When  the  Association  met  in  Belfast  twenty-eight  years  ago  Dr.  Jellett 
occupied  this  Chair,  and  at  the  close  of  his  Address,  in  which  he  took  for  his  subject 
cert  lin  frc'^h  applications  of  Mathematical  Analy.'iis  to  Physical  Science,  he  touched^ 
upon  thest;  very  researches  in  which  he  was  at  the  time  engaged. 
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All  old  Trinity  men  would  think  this  eouiiMration  iacomplcte  if  it  did  not 
refer  to  i\w  wnnd'Tf'tilly  active  animatinfr  pm«ence  of  Samuel  llaugliton.  He  also 
directed  hid  euergies  in  the  lirst  instance  to  the  subject  of  Elasticitji  ou  which  he 
wrote  several  important  memoin>,  endeavouring  to  formulate  a  system  of  laws  by 
which  he  nn<>:ht  be  able  to  explain  the  propei^tion  of  Light.  But  apparently 
di80otirn£r»  (l  I'V  tho  e\tr»^rae  difficulty  of  the  problem  liia  vcrsfttiU-  brain  turned 
S'jou  to  finite  other  branchef*  of  science — to  Physical  Geolc^y,  then  to  Physiology 
and  Medical  Science,  and  in  fact  in  his  later  work  he  passes  out  of  the  cog-uisance 
of  JS»'ction  A, 

Of  the  pure  mathematicians  trained  under  Mac!  'ulbigh  two  of  the  most 
eminent  were  the  twin  brothers  Michael  and  William  Rol>erts.  Strikingly 
alike  in  their  personal  appearance  they  were  in  my  student  days  two  of  the  best 
known  figfiires  in  the  Courts  of  Trinity. 

In  Ills  peometrienl  wui  k  Michael  Uoberts  pursued  the  fruitful  linos  of  research 
starttKi  by  Chasles  and  fdUowed  up  by  MacC'ullnjjrh  in  the  study  of  quadric  sur- 
faces, and  it  fell  to  his  lot  to  discover  some  most  reintirkabl;^  theorems  on  the 
relations  of  the  ji;eodet  ice  on  the  sur&oe  to  the  lines  of  curvature;  theorems  in- 
deed to  which  the  autlior  would  have  been  justified  in  applying  words  which  QaoM 
used  of  u  great  theorem  of  bis  own : 

'Theoremata  qnie  ni  fallimur  ad  elegantiisima  veferanda  esse  Tidentnr.* 

Joachimsthal  had  shown  that  the  first  integral  of  the  equation  of  the  geodetics 
ru  !ui  e!Iijisnirl  en;!!  !  be  tliiovvii  into  the  well-known  form  I'D  -  constant. 
-Michael  Iiot>erl«  now  >liowed  that  the  geodetics,  which  ioiue  in  all  diruclious 
from  an  umbiHc,  pass  through  the  opposite  tunbilic  where  tbey  meet  again 
by  paths  of  equal  len<?th  ;  that  the  line.s  of  curvatun»  considered  with  respect 
to  two  interior  i!iiil)ilie>  pos-^ess  ]>ropirties  cloacly  analogous  to  thof^e  of 
the  plane  couic  with  rcapect  to  its  foci;  that  if  .such  umbilics  A  aud  B  be  joiued 
by  g«)detiGS  to  any  point  P  on  a  given  lino  of  enrvature  tbey  make  equal  anf^es 
with  such  line,  jind  consequently  that  as  V  ma\e>  along  the  line  of  cursaturs, 
either  PA  +  P15  or  PA  -  PIJ  remains  constant,  so  that  it  the  ends  of  a  string  be 
fastened  at  the  two  uiubilics  and  a  style  move  over  the  surface  of  the  ellipsoid, 
k*^ping  the  string  stretched,  the  style  will  describe  a  line  of  curvature.  Another 
reiuarkable  analogue  he  ])roved  wa.s  the  following:  that  as  in  a  plane  COlUC  if  a 
point  r  on  the  curve  be  joiued  to  the  Ibci  A  and  B, 

tan  ^{VAB)  tan  ^(PBA)  =  const, 
or  tan  i(PAB)/taa  i(PBA)  =  const. 

so  precisely  the  same  relation  holds  fur  a  line  of  cunature  on  ihe  quadric,  re- 
placing the  foci  by  the  umbilics  aud  the  right  hues  by  geodetics. 

Sir  Vndi-ew  Hart  made  a  valuable  contribution  to  the  subject  by  investigating 

the  !■  lation  between  the  angles  which  an  umbilienr  geodetic  makes  witJi  the 
principal  plane  when  it  leaves  the  unibilic  and  when  it  returns  to  it  again  after 
going  the  circuit  of  the  surface.    He  proved  that  if  o)  and  w'  be  the.se  angles, 

■  can  be  expre.si^ed  by  means  of  complete  elliptic  integrals  independent 

tan  ^«t> 

of  <.).  This  is  interesting,  a.n  it  shows  that  .such  a  geodetic  \n  not  a  linite  closed 
curve,  but  that  it  crosses  itself  over  aud  over  again  at  the  umbilics,  the  successive 
Ta]nf*8  of  tan  |»  forming  a  geometric  series. 

To  Michael  Roberts  is  also  due  much  important  work  in  the  department  of  pure 
analysis— notably,  in  modern  Algebra  his  method  of  deriving  Covariants,  and  the 
investigation  oi  their  relations  by  meana  of  their  suurcet^,  and  in  the  theory  of 
Abelian  integrals  his  construction  (following  the  method  of  Jaoobi)  of  a  Trigono- 
metry of  the  hyperelHptic  functions. 

His  brother  William  Robert?  is  perhaps  best  known  for  some  of  the  investi- 
gations he  carried  out  by  means  of  elliptic  coordinates,  iof  example,  he  Applied 
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til*  m  to  Fresners  wave-8urfaco,  and  showed  that  the  two  aliMts  of  the  amfhee  caa 

be  expresaed  in  the  simple  forms 

X*  +  r»  s  a2  +  6»  -  c>  and  X«  +     »  «^  +  ~ 

Bt  following  the  same  method  he  suoceeded  also  In  adding  an  intoreeting  new 
tnple  system  of  orthogonal  aurfaces  to  those  already  known. 

Richnrd  Town^end  was  finothfr  of  tlu*  Fellows  of  Trinitv  of  MarrulliK'li's 
hIiooI.  lb'  was  known  t  >  n>  in  (  olle^^e  in  my  day  As  the  prout  expositor  ot  th»^ 
uew  geometry  of  AiihAimouic-s  and  Involution.  He  wrote  many  valuable  original 
papers,  but  it  waa  as  a  lecturer  he  was  moat  leoiarkahle.  I  never  met  a  tescher 
10  enthosiattic  nor  one  who  seemed  to  enjoy  teadiing  more  thoroughly. 

lie  inspired  hi^  pupils  with  much  "f  l  i-^  own  ardour,  and  it  is  prrfatlv  owinp'  to 
To^  n>^'nd^  influence  that  the  old  name  Irioitj  had  for  the  study  of  Geometry  watf 
so  A\eil  keut  up  in  hi6  day. 

He  imUisliiBd  in  tiie  ktter  part  of  his  life  an  extensiTe  treatise  on  Modem 
Geometry,  which  did  good  senrice  in  presenting  the  subject  in  the  light  of  an 
OigBnised  system  and  not  as  a  collection  of  isolated  problems. 

In  this  connHftion  1  must  not  omit  to  mention  one  of  our  mo.-^t  original  Irish 
geometers  of  rec»  nt  days.  Dr.  John  Ca^^ey.  AVhere  Casey  learnt  hi.-*  Mathematics 
ki  indeed  a  marvel.  Up  to  middle  life  he  was  engaged  iu  the  engrossing  labour  of 
asehcoimaster  in  Kilkenny  under  the  National  Board  of  Education.  It  was  not  till 
hs  was  nearly  forty  that  hy  the  advice  of  Townsend,  to  whom  he  used  to  send  up 
some  of  his  ingt^nious  geonif^riral  solutions,  ho  moved  up  to  Dublir  and  i-nt.  r-  d 
Trinity  Colle<re.  ( >f  his  original  paperb  hia  best  known  are  those  on  Bicircular 
Quartics  and  Cyclides. 

In  elementary  Oeometiy  we  owe  to  him  a  very  elegant  eatension  of  Pfolemy'a 
ikmous  theorem  that  for  four  points,  ABCD,  on  a  circle  AG.BD«AB.0D 
+  Al).HC'.  Casey  shows  that  the  same  equation  i<<  true  if  we  n  pl  ue  the  four 
points  by  four  circles  touching  a  common  circle  ami  the  lines  joining:  the  points  by 
the  common  tangents  to  the  circles.  He  acquired  so  higii  a  n  jiute  both  a»  h 
teicher  and  as  a  writer  that  be  was  offered  and  accepted  the  post  of  Professor  ot 
Msihematica  in  the  Gatholic  University 

It  is  not  yet  two  yean  since  George  FitsGerald  was  taken  from  us.  Tlie  many 
loving  tributes  to  his  memorv  which  appeared  in  the  scientific  jonrnals  after  hu 
death  reveal  to  us  how  deep  and  widespread  his  loss  wns  felt  to  be,  but  it  is  in 
liel&nd  this  loss  is  most  serious.  As  long  as  he  lived  and  wurited,  our  country 
eosld  chum  to  own  one  of  the  foremost  members  of  that  select  band  who  are 
enf]"ii\ouring  to  wrest  from  Nature  her  inmost  secrets. 

You  know  how  sedulous  an  attendant  he  was  of  the  Meetings  of  this  Section, 
and  Trinity  Collefre  nevt-r  sent  you  a  representative  of  whom  she  lind  more  reason 
U)  be  proud,  for  he  hu6  done  more  than  any  of  her  sons  for  many  years  to  maintain 
tlM)  reputation  of  her  scientific  school.  This  he  has  brought  about,  not  by  his 
^ritii^  only,  able  and  original  as  these  were,  but  also  by  the  encouragement  and 
Mimulos  he  gave  the  younger  men  he  gathered  round  him,  and  the  self-foigetful 
i^  adiness  with  which  he  gave  all  the  help  he  could  to  those  who  in  any  measure 
fchaml  his  own  genuine  love  for  science. 

You  will  all  rejoice  that  wu  are  now  in  possession  of  u  volume  containing  a 
eomplete  collection  of  fitzQerald's  scientific  papNors.  I  am  sure  he  himself  could 
not  have  wished  for  a  better  chronicler  of  his  life  and  labour  than  his  intimate 
fripad  Dr.  Farn^f»r,  more  especially  as  Dr.  Larmor's  own  far-reach inir  speculations 
on  the  great  niyst'TV  of  the  Fther  qualify  him  in  a  very  pecuhar  manii*  r  to 
appreciate  the  work  of  his  fellow-physicist.  The  admirable  analysis  of  that  work 
in  the  opening  pages  of  this  volume  renders  any  further  account  of  it  on  my  part 
completdy  unnecessary. 

.\  few  months  before  FitzGerald's  death  there  passed  away  one  of  his  most 
dis'tinguished  pupils,  Thomas  Preston.  Though  cut  off  so  young  ho  had  already 
flone  much  work,  and  of  a  quality  which  rai.sed  high  expectations  of  hi-  future. 
His  treatises  on  Light  and  on  Heat  are  to  be  noted,  not  merely  for  the  e.vcelient 
Mooont  they  give  of  tiie  recent  additions  to  the  subjects  treated,  but  for  the 
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thoughtful  and  philosopLic  spirit  in  wbieh  tlie  whole  is  preMOted.  It  wm,  how- 
ever, his  experimental  researchea  which  most  excited  attention,  more  particolariy 

thoPf^  on  the  action  on  Light  of  a  strong  * !  •(•tnvmagnetic  field  and  the  fine  fx- 
perimeuts  in  which  he  extended  beyond  any  obserrationa  hitherto  made  the 
analyris  of  tiie  Zeeman  effect. 

Of  two  others  I  have  yet  to  speak,  and  these  were  empliatioally  repreiientatirea 
of  this  city  and  of  the  College  in  whose  IlalU  we  are  meetinpr  to-day — ThnninH 
Andrews  and  James  Thomson.  It  would  be  diiHcuIt  to  describe  ade(^uatelv  all 
the  phases  of  to  manifold  an  activity  as  that  of  Dr.  Aiidx«w8.  As  one  long 
associated  with  him  as  a  colleague  I  would  bear  testimony  to  one  side  of  his  lile^ 
work  the  potent  intliu'ncc  be  exerriscd  in  this  College  in  its  earlier  years  as  a 
skilful  pilot  ffuiding  the  ship  till  it  was  well  out  of  port.  His  high  ideal  of  the 
function  it  uionld  discharge  in  tha  edueation  of  the  country  and  the  pfaetical 
zeal  and  ability  which  he  ever  brought  tu  bear  on  the  administration  of  our 
afi^airs  contributed  in  no  small  measure  to  place  the  OoUe^  in  tha  assnred  positi«m 
it  occupies  to-day. 

On  ois  great  phTsical  and  chemical  investigations  it  is  happily  the  less  nsoes- 
sary  for  me  to  touch,  ns  they  have  been  so  fidly  brought  before  you  by  our  Presi- 
dent in  his  opening  Address  ;  and  as  regards  the  most  important  of  these  researches, 
those  on  the  continuity  of  the  Liquid  and  Gaseous  states,  no  one  asnurediy  could 
have  moie  fitly  expounded  them  than  one  who  has  himself  pressed  forward  with 
such  splended  succsts  in  th  •  })aths  which  Andrews  op< m  d  up. 

I  have  alway?  considered  that  Andrews,  through  the  lung  cotirise  of  the>e  later 
lescarches,  was  most  fortunate  in  having  near  at  hand  such  a  frieud  as  James 
Thomson ;  not  that  he  was  a  coUaboratoiv— for  Andrews  did  all  tbb  worir  nnalded 
"but  that  Thomson  gave  him  throughout  that  best  of  all  encouragement  which 
consists  in  enlightened  npjirecintion  of  the  importance  of  the  ceaults  bs  WSS 
obtainiuK  and  ot  their  inner  meauing  and  siguiticauce. 

Of  Thomson  himself  what  shall  I  say  F  Of  all  the  sdentific  men  I  have  oome 
across  he  perhaps  most  fulfilled  the  idea  of  a  philosopher,  his  ever-working  brain 
ever  seeking  out  causss,  avw  pondering  on  the  why  and  the  wherefore  of  the 
unexplained. 

One  of  his  eariiest  investigations  is  perhaps  the  best  known,  that  in  which, 
basing  his  reasoning  on  Camot's  princij^e,  he  demonstrates  the  efiect  of  pressme 
in  lowering  the  free/in<:-])<>int  of  water,  sttd  in  which  he  gav6  at  the  same  time  a 

numerical  estimate  of  this  eliect. 

His  disco^'ery  was  of  great  practical  import,  for,  small  as  the  effect  was,  it 
enabled  him  to  explain  fully  the  rationale  of  the  plasticity  of  ice. 

Forbe.s  bad  alreaciy  shown  that  the  motion  of  glaciers  depended  upon  a  plastic 
or  viscous  quality'  in  the  ico.  it  remained  for  Thomson,  by  the  aid  of  his  newly 
diseovered  principle,  to  go  a  step  further  and  account  for  this  plasticity. 

It  is  interestuig  to  note  that  the  questions  which  led  to  8onie  of  his  mo9t 
valuable  investigations  seem  to  ha\o  been  started  by  the  hlial  task  he  took  upon 
himself  of  re-editing  his  father's  educational  .text-books.  It  was,  for  example,  the 
revision  of  a  chapter  in  his  ftthet^s  Geo^phy  which  I  believe  led  him  to  examine 
more  thoroughly  into  Hadley^sUieory  ot  the  Trade  wind.-),  and  to  make  the  following 
important  addition  to  that  tli'  or\'.  fie  showed  that  while  In  the  tropical  latitudes, 
f>ay  of  our  northern  hemisphere^  two  currents  would  satisfy  all  the  conditions, 
t.e.,  the  Trade  wind  hlowing  from  N.K  to  S.W.  in  the  lower  regions  of  the 
atmosphere,  and  the  return  current  in  the  upper  regicms,  on  the  other  hand  that 
in  the  temperate  latitudes  there  must,  bo  three  cnrronts  at  differeTit  elevations ; 
that  the  uppermost  and  the  lowest  of  the^e  have  a  movement  towards  the  pole, 
but  in  the  ndddle  regions  of  the  atmosohere  between  tiiese  there  must  be  a  large 
return  current  from  the  Pole,  and  that  tne  prevailing  motions  of  all  three  eorrents 
would  be  from  west  to  east. 

Thomson  was  particularly  successful  in  his  treatment  of  this  aud  other 
questions  of  fluid  motion.  He  was  not  familiar  with  the  technique  of  the  higher 
mathematics,  and  on  this  very  account  wai>  not  tempted,  as  so  many  mathematical 
experts  are,  to  assume  impoasiUe  conditions  in  order  to  bring  the  problems  within 
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Msehof  their  a1f;r«^raic  analysis;  but  for  all  that  his  raiod  was  eminently  of  a 

mathniTiatical  fa«t.  IT*'  iu'ver  vague  or  looso  in  liis  rca.soninjr,  and  h*'  had  a 
^von<lerfllllv  toiuicions  ^Tasp  ot"  physical  principles.  The  result  was  that  he  liaa 
succeeded  iu  finding  out  the  key  to  some  of  the  most  curious  phenomtaa  in  the 
motioos  of  fluidfl. 

T  may  pive  as  a  typical  Instancf  of  his  line  of  n^asonliiir  his  beautiful  explana- 
tion of  the  action  of  the  water  of  a  river  tlowing  round  n  bend.  He  saw  clearly 
that  from  true  dynamical  principles  the  flow  of  the  wat^T  must  be  moat  rapid  near 
the  inner  bank,  and  the  question  which  pfeeented  itself  to  his  mind  was  why  then 
the  inner  hnnlv  was  not  worn  away.  The  answer  lie  showed  to  cnn>ist  in  tlie 
friction  of  the  bed  checking  tht;  velocity  of  the  lowest  stratum  of  the  wat.  r. 
The  cll'ect  of  this  he  proves  to  be  that  an  under-current  is  produced  iu  this  stratum 
aeroes  the  bed  of  the  river  firom  the  outer  towards  the  inner  bank,  a  current 
which  doej?  two  thincrs:  it  carries  sand  and  detrilns  and  <]eposits  them  on  the 
inner  bank;  and,  since  thf  v.ater  in  this  current  has  to  rise  vertically  to  the 
surface  wlieu  it  reaches  this  bank,  it  thus  protects  it  from  the  scour. 

In  a  review  of  Thomson's  work  we  should  emphasise  his  constant  endeavour, 
whether  in  Mathematics  or  Piiy?ics.  to  attain  clear  conceptions  of  fuii  luTnental 
principles.  This  >howed  itself  in  the  various  innovations  iu  nomenclature  ho 
introduced.  Many  of  the  n«;w  words  he  coined,  'radiaii,'  'numeric,'  'torque,* 
'  interface,*  *clinuie,"posure/  &c,  are  grear  helps  both  in  thinking  and  teachmg. 

The  same  determination  at  any  cost  of  hard  thinklnp  to  arrive  at  rli  arness  in 
regrard  to  fundamental  principles  is  strikingly  evidenced  by  one  of  hi.^  later  papers, 
that  on  the  '  Law  of  Inertia  aud  the  Principle  of  Chronometry,'  which  is  a  most 
ieaxehing  discussion  of  the  true  significance  of  Newton's  first  and  second  laws  of 
motion. 

I  must  now  close  this  rt-vlew.  I  shall  be  glad  if  I  liave  succeeded,  Iiowever 
imperfectly,  iu  giving  you  some  impression  of  our  Irish  schools  of  Mathematics 
and  Physics,  of  the  workers  and  of  the  sources  from  which  they  drew  their  inspira- 
tion.  Tie  re  surely  never  was  a  tiine  when  the  problems  presented  to  the  mathe- 
matician by  Phy.-^ical  Science  were  more  interesting ;  never  a  time  when  Science 
for  its  onward  progress  stood  more  in  need  of  those  gifted  ones  who  combine 
clearness  of  tiioujght  with  imagination  and  hopeful  courage.  Let  us  hope  that 
amongst  thepe  in  this  new  century,  others  of  our  cniintryni'^n  may  h&  found  not 
nnwnrfliv  to  have  their  names  inscribed  in  th»'  lull  which  contains  those  of 
Hamilton  and  MacCullagh,  ol  Andrews  and  Thomson. 


The  following  Papers  wera  read 

1.  On  the  Question  as  to  the  Accurate  Conservation  of  Weight  in 
Ohsntieal  B$action$»  By  Lord  Ratleiqh,  F,R  S, 


2.  Motion  of  n  Drtachf/l  Thrrad  of  Lirfuirl  i)i  a  C'ndllary  Tube* 
By  Professor  W.  B.  Morton,  M.A.,  and  W.  Hawtuobx. 

3.  On  the  Vibrations  of  a  Plucked  String. 
By  Professor  W.  B.  Mo&TOif,  ifJL.,  and  T.  £.  Vintcomb. 


4«  On  ContmnoiM  Motion  produced  hy  VibraiUnu, 
By  Profeaaor  W.  B.  Mortok,  M,A,^  and  A.  M.  KnrasT. 


h»  On  the  Prevention  qf  a  Depoait  of  Dew  on  the  Lenses  of  a  PftQeetintf 
Laniem,  By  Profisasor  A.  SoavtTBB,.  it 
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6.  Further  £xperimi8ni8  by  ihe  Thtirmioi  Method  on  the  VariaHon  of  the 
Critical  Vdocttif  of  Water  toith  Ten^mxthtre,   By  Howard  T.  BABins, 

In  a  paper  communicated  by  the  aathor  with  Dr.  E.  G.  Coker  to  the  Britieli 

Ast»nf  i;iTion  at  rJlaspow  it  was  shown  from  a  snrips  of  expf^rimcnts  by  a  new 
tin  inial  metlKxl  on  the  upper  limit  of  stream-line  tiow  that  this  point,  at  which 
Mieam-line  motion  breaks  down,  apparently  does  not  follow  the  temperature  func- 
tion of  Poimuille  exactly.  A  Kcond  aeries  of  meamrements  by  the  Mine  method 
for  a  diHt  rnnt         ha>  given  identically  the  same  result. 

Keiilising  how  contrary  to  th»K)rv  the  re.*?ult  of  tiiis  experimental  inve*«tij?ation 
fieems  to  be,  it  was  decided  both  by  Dr.  Coker  aud  the  author  to  carry  out  separate 
determinations  invoWinff  measurements  of  the  lower  limit  of  etrevm-line  flow  and 
the  dependence  of  the  <nnii' on  the  temp(»rature.  Since  the  theoretical  equations 
apply  to  this  lower  limit,  wliich  is  tht^  point  whore  the  law  of  resistance  chansres 
and  the  true  criterion  in  obtained,  a  rigid  adherence  to  the  law  of  Poiseuille  neces- 
wrily  follows.' 

In  place  of  fttartinff  with  water  fn-e  from  initial  disturbance,  ns  in  onr  preAnon«: 
experiments,  and  mea.xurinjr  the  velfx-ity  at  which  stream-line  motion  l)reaks  down, 
water  in  a  disturbed  state  wtus  allowed  to  flow  through  a  pipe  ol  sutlicient  length 
to  allow  of  the  dyin^  nut  of  the  eddies  for  relocitiea  less  then  the  critical.  By 
fiurroundin;,'  the  fiid  of  the  ])ipe  with  a  ^vntcr-jacket  at  a  sliphtly  difVerent  tempera- 
ture from  that  of  the  waf«T  (lowing' tlirouL'h,  and  n-ing-  the  thernioniel<>r  as  Ix'fore,  it 
has  been  posbible  to  determine :  (a)  the  velocity  at  which  all  the  eddies  die  out 
and  stream-line  motion  is  the  stable  l!o«r ;  (h)  the  velocity  at  which  the  motion  is 
entirely  .*inuon.s  with  no  tendency  to  form  stream-line.s  ;  and  (c)  the  intermediate 
veloeitv  wlu'if  by  the  o cillafion  of  tin-  thread  of  the  tiiermometer  tiie  formation 
of  alream-lin»'6  and  the  breaking  up  into  eddies  were  seen  to  follow  in  regular 
intervals.  These  experiments  were  made  by  the  author  partly  to  test  the  efficacy 
of  tlie  thermal  method  for  determuung  the  lower  limit  of  Stream-line  flow  with  a 
view  to  extension  to  other  liquids. 

The  result  of  thi^  and  the  previouii  work  may  be  sutuuiarised  brietly  as 
follows : — 

1.  An  experimental  Terifieation  of  the  law  of  Foiaeuille  for  the  temperatom 

coefficient  of  the  lower  limit  of  strenm  Hi:,  il  uv. 

'2.  That  th^re  is  a  small  divergence  from  the  law  of  Poiseuilleinthe  case  of  the 
temperature  coetUcieut  of  the  upper  limit  of  stream-Uue  flow. 

d.  The  reformation  of  stream-lines,  shown  both  by  the  thermal  method  and 
colonr*ba&d  testa^  for  velocities  above  that  at  which  eddies  fint  make  their  appear- 
ance. 

4.  I'he  attainment  of  exceedingly  high  velocities  of  stream-line  flow  for  certain 
sisea  of  pipes  under  steady  conditions. 


FRIDAY,  SBPTEMBEB  19. 
DfiPABTUB!VT  11. — AbTRONOMY  A9D  C06MICAL  PHYSICS. 

CiiAiRMAN  :  Professor  A.  Schuster,  Ph.D.,  F.R.S. 

The  Chairman  delivered  the  following  Address:— 

OVB  i>rooeeding!s  to*day  constitute  an  innovation  and  require  a  few  worda  of -ex* 

planation.  AVhi-n,  a  few  years  ago,  some  astronomers  felt  that  oor  Assoeiatioa 
bestowed  an  insnlhdent  share  of  attention  on  their  subject,  an  easy  remedy  siig- 
geiited  iti^elf  in  the  formation  of  a  special  sub-section  devoted  to  that  subject.  Such 
a  sub-seefcion  was  accordingly  organised  at  Bradford  and  Glasgow,  bat  fof  reason*, 

>  Osborne  Reynolds,  PkU,  JhtiM.,  1683  and  1M6. 
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irlneh  are  perhaps  not  altogether  to  be  regretted  the  ezperunent  was  only  par- 
tially succeesful.    In  the  meantime  the  work  of  Section  A  became  beayiw  and 

heftvif-r,  nn<}  a«»  it  seemed  necessary  to  find  some  way  <if  roHovinpr  it*  meetings  it 
ms  decided  to  hand  over  to  the  already  establiMlied  8uli>-eection  of  Astronomy 
other  Bobjects,  each  as  meteorolorry,  terreetrial  magnetism,  seismology,  and,  in 
&ct,  anytninjf  that  the  majority  of  physicists  are  only  too  plad  to  ignore. 

W!t»'ii  tlv  C  uinril  of  the  British  Afsocintion  asked  m"  to  act  as  President  of 
such  an  enlarged  aub-sectiou  I  was  very  doubtful  whether  I  ought  to  accent  the 
honour.  In  the  first  place,  I  feH  imsompetent,  owing  to  my  almost  complete  ignor- 
ance of  most  iH'anches  of  astronomy,  and  in  the  second  place  I  do  not  approve  of 
the  formntion  of  sub-sections  dealing  with  important  branches  of  physics.  If 
I  eventually  consented,  it  wu^  jiartly  because  I  lacked  the  strength  of  mind  to  refuse 
an  honour  of  this  kind,  but  partly  because  I  was  glad  to  haTe  an  opportunity  of 
iAisin<2:  the  whole  Question  <k  the  oiganisation  of  our  meetings.  The  gionod  for 
such  a  discussion  haf,  howf>vor,  to  a  great  extent  disappeared,  beeanse  when  the 
Organising  Committee  of  i>ection  A  met  in  the  spring  tiiere  appeared  amongst  those 
present  a  sudden  revival  of  interest  in  the  suljeeta  assigned  to  the  sub-section,  and 
It  was  decided  that  the  main  section  should  not  meet  at  all  to-day,  so  as  to  allow 
all  members  to  help  us  in  our  discussions.  The  parent  Section  has,  therefore, 
Toluntarily  submitted  itself  to  absorption  by  its  neglected  offspring,  which  now 
has  to  show  that  cosmical  physioi  ob^  the  laws  of  terrestrial  physics,  and  that 
gocxl  absorbers  are  also  good  ladtators. 

Cratlfyini"'  as  this  reunion  must  to  ns,  it  fails  t,o  realise  one  of  the  original 
objects  for  which  we  have  been  called  into  existence,  because  instead  of  lightening 
your  work  it  has  added  to  it  imposiog  upon  you  the  burden  of  having  to  listen 
to  a  second  Presidential  Addoess.  I  will  try  to  make  this  additional  oarden  aa 
light  as  possible  by  concentrating  my  general  r»*nifirks  into  a  few  pentences,  and 
then  introducing  the  business  of  the  Section  by  means  of  a  contribution  to  its 
scientific  VTork,  which  I  othervrise  would  have  made  in  the  ordinary  course  of  the 
meeting. 

To  make  our  meetings  as  fruitful  as  possible.  wt»  would  make|the  fullest  use  of 
the  opportunities  afforded  us  of  personal  contact  and  interchange  of  ideas.  This 
is  not  accomplished  by  dividing  into  separate  camps  as  soon  as  we  have  come 
together,  but  rather  hj  finding  some  common  ground  for  our  debates.  We  should 
not  trv  to  minister  to  the  separate  needs  of  the  specialist  in  electricity,  or  in  meteo- 
rology-, or  in  astronomy,  but  should  impress  upon  each  of  these  specialists  that 
he  must  bring  before  us  the  results  of  his  investigations  in  so  far  as  they  bear 
on  the  more  general  questions  in  which  we  all  are,  or  ought  to  be,  interested.  If 
it  is  necessary  to  lighten  the  work  of  thf  Srctinn  this  should  ho  done  by  excluding 
all  papers  which  are  of  interest  only  to  specialists,  or  by  establishing  sul>-s<>ctions 
for  such  papers.  Let  us  divide — if  divide  we  must — according  to  the  character  of 
the  contribution,  rather  than  according  to  the  subject  it  happens  to  deal  with.  The 
difticult  and,  perhaps,  unpopular  censorship  which  such  a  course  would  involve 
would  probably  be  temporary  only,  as  the  character  of  the  papers  which  are  de- 
sired for  the  main  Section  would  soon  become  known,  and  the  increased  attraction 
and  usefulness  of  our  discussions  would,  I  ua  eonvinred,  in  a  few  years  compen- 
sate for  the  initial  tronhlr.  \\'e  all  require,  occasionally,  to  be  reminded  that  the 
detail  work  which  is  necessary,  and  on  which  most  of  us  are  engaged,  is  only  of 
importance  or  interest  if  it  helps  us  forward  towards  thi?  solution  of  the  great 
proUems  of  nature. 

Addressing  myself  more  particularly  to  astronomers,  T  should  like  to  sny  fhnt 
we  .•'hall  ahvnys  welcome  tliem  as  members  of  Section  A,  and  (hat  thf  l>enelit  we 
shall  derive  from  their  contributions  will  be  great  in  proportion  as  they  consider 
tiieiDaselfee  to  be  dtizens  of  the  general  empire  of  that  SeetioOi  rather  than  inhabi- 
tants of  an  independently  povcrncd  state. 

There  is  a  minor  reform,  or  perhaps  I  ought  to  call  it  a  protest,  against  one 
of  the  traditions  of  the  Association  which  I  feel  called  upon  to  urge  on  you.  Discua- 
akm  is  our  principal  aim,  and  we  are  always  trying  to  find  suitaUe  subjecta  for  dis- 
cnmion;  yet  wo  are  prevented  by  roto  or  custom  from  discnaaing  the  Presidential 
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AildfMB  and  tbe  reports  of  committees.  Thoie  who  framad  such  a  rule  must  hare 
had  some  unfortunate  idea  that  the  dignity  of  the  Chair  mifrht  be  endangered  if 
some  criticism  happened  to  be  exprewed  in  the  diacut^Lou  of  the  chairman's  ad- 
dress, or  that  the  value  of  the  report  of  a  committee  might  be  endangered  some 
adverse  comment  coming  from  ontsidft.  But  it  aeems  to  me  that  a  scientific 
8<iciety  or  af»«5oriatioTi,  and  especially  one  framed  on  a  democratic  constitution, 
ought  not  to  take  Huch  a  narrow  aod  unscientific  view.  I  can  remember  aeTeral 
Pfeeidential  Addressee  which  might,  and  probably  would,  hare  given  rise  to  meet 
instructive  debates  had  the  rule  not  existed. 

Ileport8  of  noin!iiittr>f8  if  not  suitabl  >  for  discussion  should  not  be  read  At  all; 
bnt  if  read  they  should  be  open  to  discussion. 

I  hope  that  to-day  you  will  not  feel  yourselres  bound  by  ancient  custom,  but 
in  order  that,  at  any  rate,  the  more  scientific  portion  of  my  oontribotion  to  our 
pr'>cff>flitin^,  >]ionld  Tint  bt-  staint'd  by  the  suspicion  of  immneulate  conception,  T 
will  now  ank  the  duly  constituted  President  of  our  Section  to  take  bis  proper  place. 

The  question  I  wish  to  bring  to  your  notice  to-day  is  an  old  one :  if  two  events 
happen  simultaneously,  or  one  follows  the  other  at  a  short  intwral  of  time,  does 
this  give  us  any  reason  to  suppose  that  these  two  events  are  connected  with  each 
other,  both  being  due  to  the  same  cause,  or  one  being  the  cause  of  the  others* 
Everyone  admits  that  the  simple  concurrence  of  events  proves  nothing,  but  if  the 
same  coral)ination  recurs  siitliciently  ofujn  we  may  reasonably  conclude  that  there 
is  a  real  conupotiou.  The  question  to  Ix'  decided  in  each  case  is  what  is  *  sufficient  * 
and  what  is  *  reasonable.'  Jlere  we  must  draw  a  distinction  between  experiment 
and  observation.  We  often  thinlc  it  sufficient  to  repeat  an  experiment  three  or 
four  times  to  establish  a  certain  fact;  but  with  meteorological  observations  the  case 
is  difl'erent,  and  it  would,  ^  .7.,  prove  very  little  if  on  four  pucc^ssive  full  moons  the 
rainfall  had  been  exceptionally  high  or  exceptionally  low.  The  cause  of  the  differ- 
ence lies  in  the  fact  that  in  aii  experiment  we  can  control  to  a  great  extent  all  the 
circumstances  on  which  the  result  depends,  and  we  are  generally  ri^^ht  in  assuming 
that  an  cxinTiment  which  gives  a  certain  result  on  three  f^ucces^ive  days  will  do  so 
always.  But  even  this  sometimes  depends  on  the  fact  that  the  apparatus  is  not 
disturbed,  and  the  housemaid  has  not  oome  in  to  dust  the  room.  Here  lies  tbe 
diffiarence.  What  is  possible  in  a  laboratoryi  though  perhaps  difficul  t,  is  not  posriUe 
in  the  upper  regions  of  tlm  atmosphere  where  some  unseen  hand  haa  made  a 
clean  sweep  of  some  important  condition. 

AVhen  we  cannot  control  accessory  circumstances  we  must  eliminate  them  by 
properly  combining  the  observations  and  increasing  their  number.  The  advantage 
does  lit'  alt<)f:rf'ther  nn  the  side  of  experiment,  because  the  very  identity  of 
condition  under  which  the  experiment  is  performed  gives  rise  to  systematic  errors, 
which  Nature  eliminates  for  us  in  the  observationaf  sciences.  In  the  latter  al<so 
the  <rreat  variety  in  the  combinations  which  offer  themselves  allow  us  to  apply  the 
cahnilus  of  probability,  so  that  in  any  conclusion  we  draw  we  cnn  form  an  idea  of 
the  chance  that  we  are  wrong.  Astronomers  are  in  the  habit  of  giving  tbe  value  of 
tbe  '  probable  error  *  in  the  publication  of  their  observations.  Meteorologist^^  have 
not  adopted  tbis  custom,  and  yet  their  science  lends  itsdf  more  readily  than  any 
other  to  the  evaluation  of  tlu'  doviations  from  the  mean  rrpult  on  which  the 
detprjnination  of  the  probable  error  depends.  AVe  look  forward  to  the  time  when 
weather  forecasts  will  be  accompanied  by  a  statement  of  the  odds  that  tbe  pre- 
diction will  be  fulfilled. 

Tlie  calculation  of  tlm  probability  thnt  any  relationship  we  ma^  trace  in 
dillerent  phenomena  indicates  a  real  connection  seems  to  me  to  be  vital  to  the 
true  progress  of  meteorology,  and  although  I  have  on  previous  occasions  '  already 
drawn  attention  to  this  matter  I  hhould  like  once  moi-e  to  lay  stress  on  it. 

Tbe  particular  case  I  wish  to  discuss,  though  the  methods  nre  not  restricted  to 
this  case,  is  tlial  in  which  one  of  the  two  series  of  events  between  which  i-elation- 
ship  is  to  be  e:^tabii&hed  has  a  definite  period,  and  it  is  dejured  to  investigate  the 
eviaenee  of  an  equal  period  in  the  other  series. 

*  Cambrid'jc  rUil,  Tratut,t  vol  :cviii.  p.  107, 


Digitized  by  Google 


TRANSACTIONS  OK  SECTION  A. 


oio 


ronncctions  between  the  moon  and  earthquakes,  or  between  sunspots  and  rain- 
f.tll  it  provtHi  to  exUt,  would  form  examples  of  such  relationship.  The  question  to 
be  decided  in  those  coses  would  be :  Js  there  a  lunar  period  of  earthquakes,  or  a|i 
•l«Ten  3reii»'  sunspot  period  of  minftU  P 

Evtrvone  familiar  with  Fourier's  analysis  knows  that  there  is  a  lunar  or  sun- 
s]>of ,  nr  any  other  period  in  any  set  of  ovent?  from  volcanic  eruptions  down  to  the 
bu  th-rate  of  mice ;  what  we  want  to  find  out  i»,  whether  the  periodicity  iudicutes 
a  real  oonnectum  or  not  Let  as  put  the  problem  into  iu  stoiplest  fbrm.  Take 
n  balls,  and  by  some  mechanism  allow  them  to  drop  »•»  that  each  falls  into  one  of 
tn  compurtnients.  If  tinally  they  art?  equally  distributed  each  compartment  would 
hold  n/m  balls,  if  different  compartiueuts  contain  a  diH'erent  number  of  balls,  we 
may  wish  to  find  ovt  whether  the  observed  uieqaality  is  sufficient  to  indioate  any 
preference  for  one  compartment,  or  how  far  it  is  compatible  with  equality  of  chance 
for  each.  If  we  were  able  to  n^peat  the  experiment  as  ohm  as  wo  likiHl,  wo  should 
have  no  diiiiculty  in  decidiuj;  between  the  two  cases,  Ixxiause  in  the  loufir  run  the 
average  nnmber  received  hy  each  compartment  wouU  indicate  more  and  more 
do,'')  ]y  the  extent  of  bias  which  the  dropping  mechanism  might  poesesn.  But  we 
are  suppot^ed  to  be  coniined  to  a  single  trial,  and  draw  our  conclusions  as  iar  as  we 
can  from  it. 

It  would  he  ewf  to  calculate  the  probability  that  the  number  of  hslls  In  any  one 

compartment  should  exceed  a  ^ven  number :  but  in  order  to  make  this  investi^nition 
applicable  to  the  genenil  problem  of  periodicities  we  must  ])roceed  in  a  ditferent 
manner.  If  the  compartments  are  numbered — it  does  not  matter  in  which  order — 
and  a  curve  be  drawn  in  the  usual  manner  representing  the  connection  between 
the  compartments  and  the  number  of  balls  in  each,  wf>  may,  b^  Fourier's  analysis, 
express  the  result  by  means  of  periodic  functions.   The  amf^tude  of  esch  period 

can  be  shown  on  the  averoffe  tohe     ^/^^  It  is  often  more  convement  to  take 

the  square  of  the  amplitude — call  it  the  intensity — as  a  ^est,  and  we  may  then  say 
that  the  '  expectancy  '  of  the  intensity  is  4w/m^  The  probability  that  the  intensity 
of  any  period  should  be  fc  times  its  average  or  expectancy  is  We  may  apply 

this  result  to  test  the  reality  of  a  number  of  coincidences  in  periods  which  haire 
been  suspected.  A  lunar  effect  on  earthquakes  is  in  itself  not  improbable,  as  we 
may  imagine  the  final  catastrophe  to  be  started  by  some  tidal  deformation  of  the 
earth's  crust.  The  occurrence  of  over  7,000  earthquakes  in  Japan  has  been  very 
carefully  tabulated  by  Prof.  Knott  according  to  lunar  hours,  who  found  the  Fourier 
coefficient  for  the  lunar  day  and  its  three  first  sub-multiples  to  be  lO  '.i,  17-9,  10.9, 
o"07;  the  expectancy  on  the  hypothesis  of  chance  distribution  fortliese  coelHcients 
I  find  to  be  19  3,  167,  10  0,  6  02.  The  compari.son  of  their  numbers  disprov»*s  the 
supposed  connection ;  on  the  other  hand,  the  investigations  of  Mr.  Davison  on 
solar  influence  have  led  to  a  result  much  in  favour  of  such  inBuence,  the  ampli. 
lude  found  being  in  one  scries  of  observations  equal  to  five  times,  and  in  the  other 
to  fifteen  times  the  expectancy.  The  probability  that  j-o  larjre  an  amplitude  is  due 
to  accident  in  the  firstcase  is  one  in  300  millions,  and  in  the  second  tbe  probability 
of  chance  coincidence  would  be  represented  by  a  fraction,  which  would  (  ontain  u 
number  of  over  seventy  in  the  tiennuiinator.  We  may  tlierefore  take  it  to  !«• 
establiiihed  that  the  frequency  of  earthquakes  depends  on  the  time  of  year,  being 
greater  in  winter  than  in  summer.  With  not  quit«  the  same  amount  of  certainty, 
but  still  with  oonuderable  probability,  it  has  also  been  shown  that  eurthqu^e 
abocks  show  a  preference  for  the  hours  between  0  a      nudi  noon. 

A  great  advantage  of  the  scientific  treatment  of  periodical  occurrences  lies  in 
the  fact  that  we  may  determine  a  priori  how  many  events  it  is  necessary  to  take 
into  account  in  order  to  prove  an  effect  of  given  magnitude.  Let  us  ai^ree,  fbr 
iti>tanrp,  tliat  we  are  satisfied  witli  a  ])robability  of  a  million  to  one  as  giving  us 
reasonable  security  ajxainst  a  chance  coincidence.  Let  there  be  a  periodic  effect  of 
such  a  nature  that  the  ratio  of  the  occurrence  at  the  time  of  maximum  to  that  at 
the  tima  of  minimum  shall  on  the  avera^^e  be  as  1  +  A  to  1  ~X,  then  the  number  of 
observations  to  establish  such  an  effect  is  given  by  the  equation    -  'JOO'X-. 

If  there  are  2  per  cent,  more  occurrences  at  the  time  of  maximum  than  at 
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the  time  of  mimmiim  X«(H)1»  sod  n  is  eqnal  to  2,000,000,  Aawka^  the  large 

number  of  eventa  required  to  prove  an  eticct  which  is  small.  If  tilB  €waet  18  6  per 
eent.  the  nurab<>r  of  events  required  to  establish  it  is  80,000. 

To  further  illustrate  these  results,  1  take,  tis  a  second  example,  a  suggested  cod- 
Bection  between  the  occonence  of  thaodentorms  and  the  rewtive  poettioo  of  sun 
and  moon.  Amou<f  the  various  statistical  investigations  which  have  been  made  on 
thin  point,  that  of  Mr.  McDowhU  lend.**  itself  most  easily  to  treatment  by  the  theory 
of  probability.  One  hundred  and  eighty-two  thunderstorms  observed  at  Greenwich 
during  a  period  of  fourteen  yeen  hsye  been  plotted  hy  Mr.  McDowell  as  dietri- 
buted  through  the  different  phases  of  the  moon,  and  seem  to  show  a  striking 
connection.  T  have  calculated  the  principal  Fourier  coetiicient  from  the  data 
supplied,  and  tind  that  it  indicates  a  lunar  periodicity  giving  for  the  ratio  of  the 
number  of  thuDderstorms  neiir  new  moon  to  that  neiir  rail  moon  the  fraction  8*17 
to  4-83. 

This  apparently  indicates  a  very  stronp:  effect,  but  the  inequality  is  only  twice 
as  great  as  that  whu:h  we  should  expect  if  thunderstorms  were  distributed  at  rnndom 
over  the  month,  and  the  probiUHty  of  a  true  conuection  is  only  about  twenty  to 
niit>.  No  decisive  conclusions  can  be  founded  on  thiH.the  number  of  thunderstorms 
taken  into  account  being  far  too  fsmnll.  We  might  dismi^  as  equally  inconclusive 
most  of  the  other  researches  published  on  the  subject  were  it  not  for  a  remarkable 
agreement  among  them,  that  a  larger  number  of  etorms  occur  near  new  moon  than 
near  full  moon. 

I  have  put  together  in  the  foUowinir  table  the  results  of  all  inve.ctigations  tliat 
are  iuiown  to  mu.  Following  the  example  of  Koeppen,  1  have  placed  in  parallel 
eoliunne  the  number  of  thunderBtorme  whidi  have  oocuried  during  the  foit&i|^t» 
including  new  moon,  and  the  first  quarter  and  the  fortnight,  inoluding  the  ouier 
two  phases. 


Fhwe  of  Obeerfataon  and  Author 


Karlsruhe  (Eiscnlohr)  . 
Got  ha  (Luedicke)  . 
Vigevano  (Schia{NueIli) . 

Germany  (Koeppen) 

Glatz  (iUchter) 

United  (States  (Haaen)  . 

Prague  (Oriiss) 
* 

i»  »»  •  •  • 
Guttingcn  (Meyer)  . 
Kremsmunstcr  (Wagner) 
Aix-la-Chapellc  (Polis)  . 
Sweden  (Sckbolm) 
Ba«Kvia(T.d.  Stock)  . 
Greenwidk  (HcDowall) . 


Time  of  Obier- 


PeroenUge  of  Thunder- 
storms daring  the  foct- 
nighl  inofading 


Average 


I 


▼ations 

New  Moon 

New  Moon 

and  First 

and  Lasi 

Qaerter  ' 

Quartar 

1801-31 

508 

492 

1867-75 

725 

27-5 

1827-64 

46 

54 

1879-83 

56 

44 

1877-«4 

62 

88 

1884 

66-6 

48*5 

1840-50 

51 

49 

18GO-7;i 

52-5 

47*5 

1857-80 

54 

46 

1882-87 

53-8 

46*2 

183:{-II2 

64-4 

45-6 

1880-95 

53-8 

46-2 

1887-95 

61-9 

481 

1888^91 

64 

46 

1  540 

451 

-It  will  be  seen  that  out  of  fourteen  comparisons  thirteen  show  higher  numbers 
In  the  first  column,  there  beinir  also,  except  in  two  cases,  a  general  afrreement  on 
the  magnitude  of  the  effect.  Two  of  the  station*'  friveii  in  the  tuMe.  (iiit  tin-roii  ji'vI 
Gotha,  are  perhaps  geographically  too  near  together  to  be  treated  as  mdepeudeiit 
Stations,  and  wc  may  therefore  say  that  there  are  thirteen  cases  of  agreement, 
against  which  there  is  only  one  pulushed  uiTcstigation  (Schiaparelli)  in  which  the 
maximum  efliKt  is  near  full  moon. 
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The  probability  'hat  out  of  thirteen  caseB  in  which  there  are  two  ulterna- 
tiveB,  selected  at  random,  twelve  should  agree  and  one  disagree,  is  one  in  1^200. 
Whoii  tho  details  of  the  inveitigatioiw  summairiaed  in  the  above  taUe  are  examined, 
considerable  differences  are  found,  the  maximum  taking  place  sometimes  before 
new  moon  and  sometimes  a  week  later,  Thpn»  is,  liowpver.  apparently  eufHcieut 
prifnd  facie  evidence  to  render  an  exhaustive  investigation  desirable.  The  most 
remarnble  of  all  coincidenoes  between  tbnndentorms  and  the  podtion  of  the 
moon  remains  to  be  quoted.  A.  Richter  has  ananged  the  thunderstorms  obserred 
at  Glatz,  in  Silesia,  according  to  lunar  hourf,  and  finds  that  in  »»nch  of  seven 
successive  years  the  maximum  takes  place  witiiin  the  few  hours  begiiming  with 
upper  culminatton.  If  this  ooincideiloe  is  a  fieak  of  chance,  the  prdbabuitj  of 
its  rec  urrence  is  only  one  in  300,000.  The  seven  vears  which  were  sul^jeoted 
to  calculation  ended  in  1884.  What  has  happened  since  ?  Miirhtwn  years  have 
now  elapsed,  and  a  further  discussion  with  increased  material  would  have  defi* 
nilely  settled  the  question,  but  nothinr  has  bean  done,  or,  at  any  rate,  pub« 
lished.  To  me  it  seems  qiute  unintelligible  how  a  matter  of  this  hind  can  be  left 
in  this  unsatiafnotorv  stutf^.  ^leteorolopioal  observations  have  been  allowed  to 
accumulate  for  years — one  might  be  tempted  to  »ay  fur  ceuturies — ^yet  when  a  ques- 
tion of  extraordinary  interest  arises  we  aze  obliged  to  rsmain  satisfied  with  pvtial 
disenstton  of  insufficient  data. 

The  ca?*'.-?  T  have  so  fsr  discufw^ed  wore  confined  to  periwlic.il  nx^urrences  of 
single  detached  and  independent  events,  the  condition  under  which  the  mathe- 
BsBeal  lemlts  hold  tme  oein^  that  every  event  is  entinly  independent  of  every 
other  one.  fiat  many  phenomena  which  it  is  desirable  to  examine  for  periodic 
r^'^ularities  are  not  of  this  nature.  The  barometric  pressure,  fnr  instance,  varies 
from  day  to  day  in  such  a  manner  that  the  deviations  from  the  mean  on  successive 
days  are  not  indepiaident  If  the  barooMter  on  any  partionUr  day  stands  half  aa 
inch  above  its  average,  it  is  raooh  more  likely  that  on  tbe  following  day  it  should 
deviate  from  the  mean  by  the  same  amount  in  the  same  direction  thnn  that  it 
should  stand  half  an  inch  below  its  mean  value.  This  renders  it  necessary  to 
modify  the  method  of  redaoticm,  but  the  theory  of  probability  is  still  eapable  of 
sop|dying  a  safe  and  certain  test  of  the  reality  of  any  suppOHnl  periodic  influence. 
I  can  only  briefly  indicate*  the  mathematical  theorem  on  which  the  test  is  founded. 
The  calculation  of  Fourier's  coetticieuts  depends  on  the  calculation  of  a  certain 
time  integral.  This  tfane  integral  will  for  tenl^r  homogeneous  periodidties  osoiSato 
about  a  mean  value,  which  increases  inoportimiately  to  the  intsrval,  while  for 
variations  showing  no  preference  for  uiy  given  period  the  increase  is  only  pro- 
portional to  the  square  root  of  the  time. 

Investigations  of  periodicities  are  much  facilitated  by  a  certain  preliminaiv' 
treatment  of  the  observations  suggested  by  an  optical  analogy.  The  curve,  which 
marks  the  changes  of  surli  variables  as  the  barometric  pressure,  pre8<?nt8  charac- 
teristics similar  to  those  marking  the  curve  of  disturbance  along  a  ray  of  white 
l^ht.  The  exact  outline  of  the  luminous  disturbance  is  unknown  to  us,  but  we 
obtain  valuable  information  from  its  prismatic  analysis,  wliich  t>nab]es  us  to  draw 
curves  connecting  tbe  period  and  intensity  of  vibration.  For  luminous  solids  we 
thus  get  a  curve  of  zero  intensity  for  infinitely  short  or  infinitely  long  radiations, 
but  Iwving  a  maximum  for  a  period  depending  on  temperaUure.  Gttes, which 
show  preference  for  more  or  less  homogeneous  vibrations,  will  give  a  soiaied 
outline  of  the  intensity  curve. 

I  believe  meteorologists  would  find  it  useful  to  draw  similar  curvc>s  connecting 
intensity  and  period  for  all  variations  which  vary  round  a  mean  value,  such  as 
barometric,  thmnometrie,  or  magnetic  variations.  These  curves  will,  I  believe, 
in  all  cnof's  add  much  to  our  knowledir'^ ;  but  thev  are  absolutelv  essential  if 
systematic  searches  are  to  be  made  for  homogeneous  periods.  The  absence  of  any 
imowledge  of  the  intensity  of  periodic  variation  renders  it,  e.g.,  impossible  to  judge 
4it  the  reality  of  the  lunar  effect  whieh  Eckholm  and  Arrhenius  believe  to  have 
traced  m  the  variations  of  electric  potential  on  the  surface  of  the  earth.  The  pro- 
blem of  separatiutr  a^iy  homopreneous  variation,  such  as  might  be  due  to  lunar  or 
sunspot  eliects,  is  ideutical  witii  the  problem  of  separating  the  bright  lin^  of  the 
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cliromospliere  from  the  continuous  oT«rkp|n]ig  apectmm  of  the  mm.  This  sepa- 
ration is  accomplished  hy  applying  spectroscopes  of  ^re&t  resolvinp  powers.  In 
the  Fourier  aoalysia  resolving  power  corresponds  to  the  interval  of  time  which  is 
taken  into  account ;  hence,  to  dieooTer  periodicitiet  of  amall  amplitode  we  most 
extend  the  time  interval  of  the  observationa. 

I  believe  that  the  curve  which  connects  the  intensity  with  the  p^rio<l  will  plar 
an  important  role  in  meteorology.  It  is  a  curve  which  ought  to  have  a  name,  and 
for  want  of  a  IwCter  one  I  bare  foggested  that  of  'periodograph.'  To  take  onoe 
nore  barometric  Tariations  as  an  example,  it  is  «  asy  to  see  that  just  as  in  the  caaa 
of  white  light  the  periodograph  would  be  zero  lor  very  short,  and  probably  al^  for 
Tery  long  periods.  There  must  be  some  period  for  which  intensity  of  vuriation  is 
a  raaximom.  Where  is  that  maximam  P  And  does  it  vaxy  aooorainir  to  loMlitj  f 
The  answer  to  these  ({uestions  might  give  us  valuable  informatioD  on  the  ditierence 
of  climate.  Oiic'  th(>  periodograph  has  been  obtained,  the  question  of  testinir  the 
reality  of  any  special  periodicity  is  an  extremely  simple  one.  if  />  be  the  height 
of  the  periodftffrapb,  the  probabilttv  that  during  the  time  interval  cboaen  tbo 
square  of  the  Founer  coefficient  should  exceed  kh  is  «  .  If  we  wish  tbii  quantity 
to  be  less  than  a  million  k  must  be  al)out  eleven ;  so  that  in  order  to  be  reasonably 
certain  that  any  periodicity  indicates  the  existence  of  a  truly  homogeneous  varia- 
tion the  square  of  the  Fourier  coefficient  found  should  noi  be  less  than  eleven 
times  the  corresponding  ordinate  of  a  periodograph. 

I  have  calculated  in  det/iil  the  jjeriodo^Tapii  of  the  changes  of  magnetic  declina- 
tion nt  Greenwich,  taking  as  a  basis  the  uWrvations  published  for  the  twenty-hve 
years,  1871-96.  It  was  not  perhaps  a  very  good  example  to  cbooeOi  on  aooount  of 
the  oomplieationt  introduced  bv  tne  secular  vniation,  but  my  obj^t  wis  to  test 
the  very  persistent  assertions  that  have  been  made  as  to  the  reality  of  periodic 
changes  of  20  days  or  thereabouts.  The  tirst  suggestion  of  such  a  period  came 
from  Hornstein,  of  Prague,  who  ascribed  the  cause  of  the  period  to  the  lime  of 
vevolntion  of  the  sun  round  its  axis.  He  only  discussed  the  leoords  for  one  year's 
observations,  but  the  evidence  he  otfered  was  sufficient  to  impress  Clerk  Maxwell 
with  its  genuineness.  Since  liornstein's  tirst  attempts  a  great  many  rough  and 
some  very  elaborate  efforts  have  been  made  by  himselt  and  others  to  pn^ve  a  ranilaor 
period  in  various  meteorological  variations.  The  period  found  by  diflerent  OOOi- 
putors  difTered,  but  there  is  a  p-nod  deal  of  hititude  nll'iwfid  if  the  rotation  of  the 
sun  really  has  an  etlect  on  terrestrial  phenomena,  because  the  angular  velocity  of 
the  visible  solar  surface  varies  with  the  latitude.  Hornstein  himself  and  some  of 
his  followers  deduced  a  period  not  differing  much  from  20  days,  while  Professor 
l-'mnk  Hi^t'low,  using  a  large  quantity  of  material,  finds  26'(58  days,  and  Fx'kholm 
and  Arrhenius  return  to  26  days,  or,  as  they  put  it  more  accurately,  to  25'92U  da^s. 
The  two  latter  investigators  do  not,  however,  adopt  the  idea  that  this  periodicity 
is  due  to  the  rotation  of  the  sun.  None  of  these  periods  eui  stud  tbo  test  <rf 
accurate  investigation. 

As  the  result  of  my  calculations  I  can  definitely  state  that  the  magnetic  docli* 
nation  at  Greenwich  shows  no  period  between  25-6  and  27*0  days  having  an 
amplitude  as  gi  eat  as  tV.  The  influence  of  solar  rotation  on  magnatio  variation 
may  therefore  be  considered  to  be  dediiitely  disproved. 

The  int<!usitv  of  the  periodograph  increases  rapidly  with  the  period,  and  minute 
variations  are  tnereforB  more  easily  detected  in  short  than  in  longer  periods.  Sht 
seconds  of  are  forms  about  the  limit  of  amplitude  which  can  be  detected  in  tMrenty* 
Ave  years  of  observation  when  the  perio<l  is  about  2(5  days,  and  from  what  has 
been  said  above  the  amplitude  which  can  be  detected  will  lie  seen  to  vary  inversely 
with  the  square  root  of  the  time  interval.  For  periods  of  about  14  days  an  ampli« 
tnde  of  3"  is  still  distinguishable  with  the  material  I  have  used,  and  sudi 
an  amplitude  is  actually  found  for  a  period  which  has  half  the  synodic  month  as 
its  time.  The  chance  that  this  apparent  variation  is  due  to  an  accidental  coinci- 
dence Is  one  in  2,000,  and  I  cannot  therefore  assert  its  definite  existence 
beyond  all  pocribility  of  cavil.  But  it  is  surely  significant  that  of  all  the  period^* 
possible  between  ll'-M  and  13  7  days  that  gives  tlie  hiirhe^t  ainplitude  which 
(oiopid^s  with  |ialf  the  ^ynodi^  revolution  of  the  mooo,   'l^hfit  it  is  at  all  possible 
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to  detect  variations  of  3"  in  the  obsorvatious  wliicli  nre  taken  to  T.",  'vvlth  r 
probiibility  of  error  of  ouly  ooe  in  ^,000,  is,  I  tUluk,  a  prout'  oi  die  vuluu  ut  the 
method  and  the  earefblnen  of  the  obeemtions.  The  periodograph  baa  another 
Taluable  lue.  It  not  only  gives  ua  the  time  necessary  to  establish  tnu>  periodicities 
of  p-iveo  amplitude,  btit  it  also  gives  us  nn  outside  limit  of  the  time  beyond  which 
an  accumulation  of  material  is  of  no  lurther  advantage.  That  limit  is  reached 
when  the  time  It  enffideBt  to  diaooTor  the  amalleat  amplitude  which  the  instrument, 
OwiDR-  to  its  imperfections,  will  allow  us  to  detect. 

1  am  only  concerned  to-day  with  a  purely  statistical  inquiry,  and  not  with  the 
e.\plaoatiou  of  any  suggested  relalioosbip.  To  prevent  misunderstandings,  how* 
•fer,  I  may  state  that  I  consider  the  poesibility  of  a  direct  magnetic  or  electric 
action  of  the  moon  excluded.  As  regards  the  latter  the  diurnal  variations  of 
electric  potential  would  be  so  stronrrly  affected  by  a  lunar  elect riticiition  sufficiently 
strong  to  iadueuce  the  outbreaii  of  thuuderii>torms  that  it  could  nut  have  escaped 
dtaeovety.  We  must  not,  howerer,  be  dogmatic  in  asaerting  the  impoesibUity  of 
indirect  action.  The  unexpected  discovery  of  radio-activity  has  openeil  out  an 
entirely  new  field,  and  we  cannot  dismiss  without  renewed  careful  inquiry  the 
evidence  of  lunar  action  which  i  have  given.  Its  reality  can  be  decided  by  obser- 
yation  only.  No,  not  l  y  observation  only,  but  by  observation  supplemented  by 
intelligent  discussion ;  and  this  brings  me  to  my  concluding  appeal,  which  I  wi^h 
to  unre  upon  you  with  all  the  Ic^Htinmte  weight  of  Strong  conviction  and  all  the 
illegitimate  influence  of  presidential  iul'ailibility. 

The  subjects  with  wtaieh  our  sub«eelion  is  concerned  deal  with  facts  which  are 
revealed  to  us  by  obserration  more  frequently  than  by  exneriment.  There  is,  in 
consequence,  a  very  real  danger  that  the  importance  of  oWrvntion  misleads  us 
into  mistaking  the  means  for  the  end,  as  if  observ  ation  ulone  could  add  anything  to 
our  knowledge.  Observation  is  like  the  food  supplied  to  the  brain,  and  knowlMge 
only  comes  through  the  digestion  of  the  food.  An  observation  made  for  its  own 
sake,  and  not  for  some  detinite  scientitie  object,  is  a  useless  observation.  Science 
IB  not  a  museum  for  the  storage  of  disconuected  facts  and  the  amusement  uf  the 
eoUaetlnfir  onthnsiast.  I  didike  the  name '  observatory '  for  the  astronomical  work* 
shop,  for  the  same  reason  that  I  should  dislike  mv  ]j<>dy  to  be  called  a  food 
receptacle.  Your  observing  dome  would  be  useless  without  your  computing  room 
nnd  your  study.  What  you  want  is  an  astronomical  laboratory,  a  meteorological 
or  magnetic  labotatory,  attacbin;  to  the  word  '  laboratory '  its  true  meaning, 
which  is  a  workshop  ui  which  eyes  and  hands  and  brain  unite  in  producing  a 
combined  result. 

The  problems  which  confront  the  astronomer  being  more  detinite  thtui  those  of 
meteoroloj^,  astronomy  has  grown  under  the  stimulus  of  a  healthy  tradition. 
Henoe  it  is  generally  rea>gnise<l,  at  any  rate  in  the  principal  observatories,  that 
the  s<lvance  of  knowledge  is  the  chief  function  of  the  observer.  Nevertheless  the 
President  of  the  Astronomical  Department  of  Section  A  last  year  (L'rofessor  li.  U. 
Turner)  has  found  it  necessary,  in  bis  admirable  Address,  to  warn  against  the 
danger  there  is  that  the  astronomer  should  allow  himself  to  be  swallowed  up  in 
routine  work  and  mere  dnidp>r>-. 

The  descent  is  easy:  you  begin  bv  bein^^  a  scientilic  roan,  you  become  an 
observsTy  then  a  machine,  and  finally — ^if  all  goes  well — ^yon  design  a  new  eyepiece. 

If  such  a  danger  exists  in  astronomy,  what  shall  we  say  about  meteorology ; 
That  science  is  bred  on  routine,  and  drudgery  is  often  its  hifrhest  ambition.  The 
heavens  may  fall  in,  but  the  wet  bulb  must  be  read.  Observations  are  essential, 
but  though  you  may  never  be  able  to  observe  enough,  I  think  you  can  observe  too 
much.  I  do  not  forget  the  advances  which  meteorology  has  made  in  i-ecent  years, 
but  if  vou  look  at  these  advances  I  think  you  ^\ill  find  ihat  most  of  them  do  not 
depend  on  the  accumulation  of  a  vast  quantity  oi'  material.  The  progress  in  some 
eases  has  oome  through  tbeonr,  as  in  the'auplications  of  thamuMynamles  or 
through  special  expsrimeiitSy  as  by  kite  and  balloon  observations,  and  when  it  hss 
come  through  the  ordinary  channels  of  observation  only  a  comparatively  short 
period  of  time  has  been  utilised.  It  would  not  be  a  great  ejcafingeration  to  say  that 
vatooiolqgj  hat  advanoad  in  spits  of  the  obssnratioas  and  not  oscause  of  them. 
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What  cftn_we  do  to  mend  matters?  If  we  wish  to  prepare  th-  way  fyr  the 
gradud]  substitution  of  a  better  system,  Wf  should  have  80in»^one  rt-»j»«33«bie  far 
the  couLiuLiutiou  of  the  present  one.  For  this  purpo.-ie  it  should  be  recognt^^d  thai 
tlie  head  of  the  Meteorolo^fieal  Office  ia  aomethmg  mote  than  e  aeeretaiy  wmhiari 
of  diieeton;  also  that  he  is  appointed  to  coiidu>  t  metaorologlcal  reaeaiek  aalnot 
to  sign  weathor  forena>t>.  The  f'ndowment  of  mot<» jrolojjy  should  mt»ao  a  r*>d 
deal  more  than  the  endowment  of  the  telegraph  olHce  which  transmiL-.  the  obier- 
vations.  Terrestrial  magnetism  and  atmospheric  electricity  aro  at  present  looked 
after  by  inn titutions  already  overworlnd  in  other  direetionB,  and  ahoold  he  hanM 
over  to  an  enlarged  department  of  meteorology. 

Seismology  in  this  country  at  present  depends  on  the  private  enterpriie  iid 
enthusifism  of  a  single  man,  and  as  \on^  as  Professor  Milne  is  will  til'-  tocrjntiBJh? 
his  work  wfcunnot  do  better  than  leave  it  with  him,  but  some  permanant  po* 
vision  will  ulliuialely  have  to  he  made. 

▲n  lmpiD?ed  organisation  such  as  I  have  sketched  out  wonid  do  md,  bat 
could  only  very  slowly  overcome  the  accumulated  inertia  of  agee.  I  ahoud  fsAr 
a  more  radical  tvaatnent.  Oiganisatioa  is  good,  but  aonetinMa  diaotgniHte 
ia  better. 

Most  earnestly  do  I  believe  that  the  subjects  of  meteorolc^y  and  lerrr^trm. 
magfnetiamf  and  possibly  also  of  atmoapfaene  elactvieity,  oonld  ne  nMMt  quickly 
advanced  at  thepieaant  moment  if  all  obeeKTationa  were  stopped  for  five  yeai%sad 
all  the  energy  of  every  observer  and  computor  was  concentrated  on  the  diflcusfiioii 

of  the  results  already  ol>tained  and  the  preparation  of  an  improved  scheme  of  ob^r- 
vation  for  the  future.  W  hen  we  have  made  up  our  minds  wliat  to  do  with  the 
observations  ;  when  we  have  actually  done  it ;  when  wo  know  where  our  presect 
instrunents  Tsqniia  refining  or  supplementing ;  and  especially  when  we  hnve  hmd 
out  whether  we  have  not  spent  much  tune  and  tronUe  on  unncK^eeaaiy  detail,  tbm 
the  time  will  have  arrived  for  us  to  draw  up  an  economical,  sufficient,  and  f-fficieit 
scheme  of  observations.  At  present  we  are  disinclined  to  discoatiuue  ob^ervi- 
tions,  though  recognised  as  useless,  for  fear  ot  caut»iDg  a  break.  We  make  ouraeiref 
ataTea  to  ao-callad  'oontiBuity/  which  is  important,  but  may  be,  and  I  bslisve  ii 
being,  too  dearly  purchased. 

There  are  no  doubt  some,  though  probably  not  very  many,  observations  vkkb 
it  is  necessary  to  carry  on  continuously  over  long  periods  of  time.  But  at  preseat 
we  are  groping  in  the  dark,  and  go  on  observing  everything,  And  alwavs  in  the 
hope  that  at  some  time  the  observations  may  prove  useful.  Our  whole  poistcf 
view  in  this  respect  wants  altering.  We  should  fix  on  our  proUen  fist  sm  tba 
piofide  the  obserrations  which  are  necessary  for  the  solution  of  tho  proUea.  If 
for  some  definite  purpose  it  is  advisable  to  establish  special  observatories,  let  ujr« 
be  afraid  to  do  so,  but  especially  let  us  not  be  afraid  to  di^ontinue  the  ob:»errAtor^ 
when  the  purpose  for  which  they  have  been  established  has  been  served.  Let 
reatriety  in  the  first  instance,  the  secular  obserrations  to  the  smaUeat  nonbsv  ^ 
concentrate  our  attention,  for  short  periods  of  time,  on  some  special  qneetiott.  Lrt 
us  have,  for  instance,  two  or  three  years  of  thunderstorm  observations,  all  cocntr.** 
joining  in  concentrating  their  enerjriej^  to  the  elucidation  if  all  the  vano> 
features  of  their  phenomena.  When  that  is  accomplished  it  will  probably  be  foiiai 
that  thunderstorms  may  be  left  to  shift  for  themselves  for  a  while,  and  attMtim 
dirscted  to  some  other  matter.  The  whole  queatioo  of  loaar  iniasaes  os 
meteorological  })henomeua  might  be  settled  in  a  comparatively  short  space  of  tiiEe 
if  the  civilised  countries  of  the  world  could  agree  to  record  all  observations  duni^ 
a  few  years  accordinpr  to  lunar  instead  of  solar  coordinates.  Other  problems 
readily  suggest  themselves  to  you,  aud  several  might  possibly  be  dealt  vitk 
simnltanaottsly. 

The  great  reform  I  have  in  view  is  this:  Before  you  obj^rve  makesasthrt 
your  observations  will  be  useful  and  will  help  to  answer  a  detiuite  question. 

Though  my  frankly  outspoken  criticisms  may  not  command  universal  asf«Dt,l 
hope  you  will  agree  that  there  is  some  foundation  for  them,  and  if  the  tip 
b  obnously  not  well  chosen  when  observational  science  can  be  separated  fnm  itt 
mathaniatieal  and  azperinifintal  aistM    Wa  bopa  that  oomietl  phjsicf 
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r-'^mAin  aD  intep^al  portion  of  Section  A,  and  though  we  iclmowledge  OUT  weak* 
aeases  %\  e  claim  to  h;u  »'  idso  something  to  teach. 

I  hope  our  proceediu^d  this  week  may  show  that  we  can  put  aside  ubi»erva" 
tkmAl  detail  and  tlifow  tome  light  on  tn»  great  and  important  problama  with 
which  om  Kienoa  it  conosiniad* 


J[)i.srN.>\'^io)}  on  fhf  Kfhvht  stirromidinfj  Xora  Persri^  oprtu^l  by  A.  K. 
II INKS  icifh  an  E.rhibUio^ti  o/  goma  rhoU)yrai)liS  j't'om  tJiS  Yerkes  and 
Ijick  Olfservatories, 


The  fbUowing  Papers  were  read  : — 

1.  2feu>  Solar  Badiatvm  JRecorder.   By  Dr.  W.  £.  Wilbon,  F,R.S. 

VtoUmoit  Oallandar  haa  lued  with  hia  well-known  electric  recorder  a  form  of 
teeeiver  for  aoilar  radiation  which  consists  of  two  coils  of  platinum  wire  wound 
on  a  mica  frame.    One  of  the  coils  is  bright  and  the  other  hhifk  :  they  aro  protected 
It  om  the  rain  by  a  plass  shade.  These  two  coils  are  the  two  arms  of  a  Wheatstone 
bridge,  and  the  balance  '\b>  upset  by  the  sun  warming  the  black  coil  more  than  the 
bright.   There  are  two  diiturbing  fiwtoia  in  thia  form  of  leoeiTer  which  are  diffi* 
cult  to  eliminate.    Fifsty  the  rarying  angle  of  the  hun  above  the  coils,  which  are 
fixed  horizontally ;  and  secondly,  the  amount  of  radiation  received  from  the  entire 
tky.    This  is  constantly  changing  from  the  nmount  of  cloud  and  haze  present. 
To  overcome  these  dithcultiea  1  have  had  a  receiver  made  in  which  the  coils  are 
kept  normal  to  the  sun  all  day,  and  both  coils  are  black  and  are  sealed  up  in  a 
Yaemam  tube.  One  of  the  coila  alone  reoeivea  the  eolar  radiation,  and  that  onlj 
ficom  the  sun,  and  a  very  small  r^on  of  the  sniroundiog  sky.    It  was  found  that 
with   the  Callendar  form  of  receiver  it  wa«  quite  impossible  to  calibrate  the 
readings  of  the  recorder  with  Angntrora's  phyhelioraeter.  hwt  with  the  new  receiver 
the  reeulta  can  be  accurately  determined  in  calories  per  sq.  cm.  per  minute. 


2.  Searek  far  ^»Ura-IfepH»num  PlaneL   By  Dr.  W.  E.  WiuoH,  FJtM. 

Last  year  at  the  meeting  of  the  British  Association  at  Glasgow  l*rofessor  Q. 
Forbes,  F.R.S.,  read  a  paper  in  which  he  pointed  out  the  posBibik^  of  there  being 
an  ultra-Neptunian  planet. 

In  1880  he  made  his  first  communication  to  the  Royal  Society  of  Edinburgh 
and  pointed  out  that  as  Jupiter  and  Neptune  have  each  a  distinct  group  of  comets 
wiiose  aphelia  He  close  to  their  orbits,  so  in  the  same  way  there  were  two  come- 
tary  ffroupe  which  indicate  that  there  were  two  planets  beyond  Neptune,  one  of 
whi^  waa  at  abont  one  hnndxed  times  the  mean  diatanoe  of  the  earth  from  the 
^an.  Dr.  I.  Roberts  made  a  aeaith  for  the  planet  in  the  position  then  computed 
by  Forbes,  but  with  a  nep-ntive  result.  Since  then  Professor  Forbes  revised  his 
calculations,  and  considered  some  points  which  he  thought  greatly  strengthened 
his  supposition  in  the  reality  of  the  unknown  planet.  lie  asked  me  to  undertake 
another  seaieh  ftr  him  with  my  SM"  reflector.  Thia  I  gladly  agreed  to  do,  but  I 
fiwnd  that  the  field  of  the  reflector  waa  so  small,  the  number  of  plates  that  it 
would  take  to  cover  the  field  so  large,  and  the  weather  of  this  country  so  hope- 
leas,  that  the  work  cotild  not  be  done  in  a  year.  Sir  David  Solomons,  Bart., 
then  kindly  offered  to  lend  ue  a  fine  (i"  portrait  lense  of  1^8"  focus.  I  had 
&  camera  made  for  this  to  take  plates  8^  x  6^,  and  it  was  bolted  to  the  tube  of  the 
84"  xefleeUnr.  In  May  1901  we  took  with  this  lense  a  sufficient  number  of  nlatea 
to  cover  a  region  along  the  ecliptic  each  side  of  the  tiieoretical  place  of  the  planet. 
Last  February  a  second  series  of  plates  were  taken  in  the  early  mornings  before 
nmriac  of  the  same  positions,  and  these  plat<'S  were  superposed  upon  those  of  May 
1901  and  caretully  examined  for  the  planet,  but  I  am  sorry  to  say  with  a  negativo 
tenilL  Tba  platoa  all  got  with  the  fUl  apertnie  one  iioai^a  azporait ,  ao  that 
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unless  the  plnnf>t  is  r  very  faint  one  it  ouglit  h.ivc  bt-en  ImpreMed  on  the  plate?. 
The  planet  Juno,  although  1  did  not  know  that  it  was  in  the  field,  wa^  found  at 
0DC9.  Although  this  search  has  be«in  a  negative  one,  it  is,  I  think,  a  remarkable 
thtnfr  that  both  Dr.  Tod  l  of  AnMriet  tad  Professor  Lau  of  Uolland  point  out 
from  the  perturbations  of  Uranus  the  position  of  an  ultra-Neptunian  planet  which 
is  very  close  to  the  position  given  by  Forbes.  In  fact,  the  plates  taken  by  me, 
and  which  cover  a  region  each  side  of  the  ecliptic  from  K.A.  lO**  OO*"  to  14% 
tiik«  ia  all  tbaje  thiee  potitioiM. 


3.  Minimum  Sunspots  and  Terrestrial  Magnetiam, 
Mjf  Uie  Bev.  A.  L.  Gobtib,  F,J(^A,S. 
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Mr,  Ellis  has  proved,  from  obtervations  extepdipg  over  the  period  itf41-lfc90, 
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the  strict  Goooordanoe  between  the  curves  of  sunspot  frequoney  and  those  of  the 
diurnal  raofre  of  the  deolitiHtioTi  nnd  hnrizontnl  force  magnets  ns  to  period  and 
intensity.  Lord  Ktlviu  has  proved  theoretically  that  such  concordance  is  not  the 
outcome  of  efficient  c&um  and  eii'ect.  Father  Sidgreaves  has  proved  the  e&me 
obaarrationally  from  a  detailed  study  of  the  gveater  solar  and  magnetie  storms  for 
the  period  1881-1890,  and  ndvarres  »  theory  according  to  which  the  two  phenomena 
are  ejects,  and  not  necessaiily  conjoined,  of  one  common  cause.  Professor  Young 
contends  that  '  solar  disturbances  are  not  the  cause  of  our  magnetic  storms,  but 
only  the  cause  of  soaie  of  them/ meaning  by  '  a  cause '  an  instrumental  eause  which 
n-Ieast^s  the  potential  enfr^ry  that  directly  affects  the  magnets.  To  exainiiie  this 
position  a  detailed  study  of  tiie  spots  and  faculseon  the  sun  and  the  diurnal  range 
of  the  declination  magnet  has  been  made  for  the  years  1890-lUOl,  covering  the 
minimum  period  of  aunspots  and  magnetic  stormn,  as  the  unravelling  of  the  Tarioos 
storms  and  the  perception  of  tlu'  concurrence  of  the  two  pbennrnt  nn,  if  any,  is 
rendered  ea^^ier  during  !<uch  a  perioti.  The  tabh'  prepared  jrivt-s  the  mean  daily 
dtiic-area  for  spots  HUil  faculie  for  the  thirtj  -eight  f>olar  rotations  covered  by  the 
period  under  review,  taken  from  the  Greenwich  recordn,  and  in  parallel  colomna 
are  also  set  out  the  ni<-an  diiily  diurnal  ranfjes  of  tliw  declination  magnet  and  the 
^'reatest  8win;r  for  each  rotation,  'i'his  table  shows  the  existence  of  frrcat  anomalies 
between  the  »un^pot  and  magnetic  records.  A  detailed  coniparii»on  ui  the  greater 
spots  on  the  sun  and  the  greater  ma^fnetic  movements  only  8erves>ta  confirm  the 
existence  of  these  departures  from  exact  aci^ord.  The  greatest  spot  of  11X)1 ,  tliat 
of  May  10-Jiine  2t),  which  was  coincident  with  an  unusual  disturbance  noticed 
in  the  solar  corona  on  May  18,  and  was  responsible  for  74  per  cent,  of  the  total 

rted  area  for  the  year,  had  no  concordant  greater  magnetic  movements  ;  and,  on 
other  hand,  a  greater  ninprnetic  movement  of  Apnl  K),  tosk  place  at 

ft  time  of  ahsolute  solar  calm.    Jt  i»  yet  po8>ihle  that  solar  spots  are  one  of  the 
instrumental  causes  of  magnetic  storms,  but  it  is  more  likely  that  the  two 
phenomena  are  correlated  as  conoectedi  tiioiigh  sometimes  iodegendanty.eflsfits  o£ 
one  common  cause. 


SATUJtDAT,  SEPTEMBER  13. 

The  Section  did  not  meet. 


MONJ)Ai\  RSPTBMBER  U. 


Department  I. — ^MATHBMATiCfl. 
The  following  Report  and  Papers  were  read : — 

1.  Report  <w»  the  Present  State  of  the  Theory  of  J'oint  0' roups. 

See  Reports,  p.  81, 


2.  On  the  Partud  Differential  Equaiiona  of  Mnthemaiieal  Phytaa^^ 

By  £.  T.  Whittakbr, 

The  principal  results  oontuned  in  this  paper  \\-^re  th?  following  : — 
\,  The  ^neral  soiiit4oR  of  Laplace's  equation 
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is 


Jo 


where  /  d«uotM  an  arbiUrarj  function  of  the  two  arguments  £ -fir  ootK<i>^  tin  m 

and  u. 

8.  ThoptrtieahraolationolLftplaes'teqiutio&int^^ 

when  r,  ^»  <^  are  polir  ooofdinitet  corresponding  to  the  rectangular  coordinatasi 
Xfjff»,mtk  tnnltiple  of 


r 


(s-fir ooaic  4-  f>aintf)"ootM«Ai 


8.  The  particular  solution  of  Laplaces  equation  in  terms  of  Bessel  functions, 

namely, 

***  J„  {kp)  cos  »t<^  ; 
whflro  s,  p,  ^  aro  cjlindrical  coordinates,  is  a  multiple  of 

r 

4,  Tlie  general  nltttion  of  the  genefsl  pertiel  diffeientiel  eqwtHm  of 
notiona 

U 

V«|^|  /(xainttooav+y  ainttnnv'i'acoeti-f^ii,  9)dK^v, 

where/ denotea  an  axhitnuy  function  of  the  three  arguments 

U 


sdnueotv^jfmnumn  v+z  CMu*\,  u,  and 


5.  The  genenU  aoliition  of  the  eq[iiAtioa 

as  found  in  4  can  be  expressed  as  a  suiu  ul'  particular  solutionsi  each  of  the  type 
F(X,  i(|V)eoe  |x(xaiDiiOoe9-i'^aini»aine-i-sooeic  +  j^-)| 

nnd  r  acli  of  tliepp  particular  eolutiona  can  he  interpreted  phyaioally  as  a  aimple 

uniform  plane  wu?e.^ 

3.  Thfi  Longitudinal  ."stability  of  Atrial  d'Hde^s, 
By  Professor  G.  H.  Bryan,  Sc.D.,  F.ltS. 

One  of  the  most  difficult  que«t ions  connected  witli  the  problem  of  aerial  navipa- 
tion  is  the  longitudinal  stability  of  a  machine  bup|>orted  un  aero-planes  and 
efiio-earvee.  In  this  paper  the  author  ioTestigates  the  general  eondiUone  of 
stability  for  a  pliding  machine  nf  nny  form,  moving  in  a  medium  whose  resistance 
follows  any  law  whatever.  The  problem  may  be  thus  enunciated:  A  body  is 

I  The  woik  will  appear  i»  M<Mue  in  the  Mt*hmttH»tk§  Anmlm, 
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descendin;?  undor  frravity  with  uniform  velocity  in  n  straig-ht  line  inclined  at  an 
angle  a  to  the  horizon  in  a  resbtiug  medium,  the  body  being  symmetrical  about  a 
vertical  plane  containing  the  line  of  deacent ;  Ss  tUs  unilorm  rectilinear  motkm 
Bt-able  or  unstable  for  small  displacements  in  the  TertScal  plane  of  motion  P 
Choosin}^  two  rectangular  axes  through  the  centre  of  pravity,  fixed  in  the  body, 
the  motion  is  defined  by  the  veloci^  components  u,  v  of  the  body,  and  the  angle,  $, 
which  one  of  the  axes  inahea  with  the  Tertieal  at  any  instant.  The  reustanca  of  the 
medium  are  reducible  to  forces  X,  Y  along  the  axes  and  a  couple,  G,  about  the 
origin,  all  of  whicli  are  functions  of  u,  v,  and  rf0ldt.  The  equations  of  motion 
beinff  written  down,  the  conditions  for  steady  motion  are  obtained  by  putting 
u,  o,  and  0  cooataBt.  If  letten  with  the  sulBx  0  refer  to  steady  motion  the  Mnafi 
oscillations  or  other  nMltions  in  the  neighbourhood  of  the  steady  motion  are 
obtained  by  writing  n^v^^  +  iu,  r-t'^  +  fir,  O-B^-^bB,  where  bu,  5r,  h6  are  small, 
and  the  corresponding  expressions  for  the  resistance^omponents  are  expressed 
in  thelbmi 

X-X.  +  6tt'?^+d»'^  +  W^',  where  d'-^ 

By  putting  du,  dv,  bd  each  proportional  to  <•"'  and  eliminating  it  is  found  that  the 
valoeaof  n  are  determined  by  an  equnt  i n  of  tiie  fourth  degree,  and  the  character 

of  the  small  motions  in  the  neighbourhood  of  the  stt  ady  motion  depends  on  the 
natur»>  nt  the  roots  of  this  bi(juadratic.  In  order  that  the  steady  motion  may  be 
stable,  the  roots  of  this  equation  must  all  have  their  real  part  negative,  and  this 
leads  to  five  equations  of  condition  which  haye  hsen  given  bv  Kouth  in  his  essay 
on  *  Stability  of  Motion.'  AMthnut  poinir  into 'uimorical  calculations  tbo  ])iqna- 
dratic  character  of  thp  equation  in  n  shows  that  a  gliding  machine  may  perform 
uuduiutorv  motions  decr«^sing  in  amplitude  corresponding  to  roots  of  the  biqua- 
dratic witii  their  real  parts  negative,  and  giving  the  impvessbn  that  the  machine 
is  longitudinally  stable;  but  thrre  maybe  other  roots  corresponding  to  unetahle 
motions  which  may  cause  the  machine  unexpectedly  to  capsize.  The  conclusion  to 
be  inferred  from  these  results  is  that  the  future  development  of  the  problem  of 
flight  lies  in  the  mathematical  calculation  for  difierent  types  of  machine  of  the 

Quantities  on  which  longitudinal  stability  depend?,  and  that  until  aeronauts  have 
ully  worked  out  the  mathematical  investigations  here  sketched  in  outline  it  is  useless 
for  them  to  spend  their  money  and  risk  their  lives  iu  further  experiments  with 
gUdiag  machines.   

4.  On  Map-colouring.^    By  Professor  A.  C.  Dixox,  Sc.D. 

The  number  nf  ways,  N,  in  wliicli  any  given  map  ran  be  coloured  with  foor 
colours  can  be  dt'terniine<l  when  fhi'^  number  is  known  forfirapler  maps. 

i*t  . . .  denote  the  number  oi  wayw  in  which  the  map  can  be  coloured  when 
aimplifled  hy  throwing  two  or  more  provinces  a.  6  ,  .  .  into  one.  Then  the 
following  formula}  hold  good,  and  one  of  them  can  always  be  QSed:— 

Wh^  a  is  triangular  and  is  adjoined  by  b,  c,  d. 

When  a  ia  qnadrikterat  and  adjoined  hyb,e,d,  e, 

When  a  is  pentagonal  and  adjoined  by  b,  c,  d,  e,/, 

N  =  N«,/  +  ^r^r  +  N,,„  r  -  N.,h 
=  four  other  similar  expressions. 

The  formuliB  do  not  decide  the  question  whether  N  is  always  >0, 
If  solid  i^ace  is  divided  into  compartmen'.s  in  au  arbitrary  way  there  ii  no 
limit  to  tlw  anmher  of  coloofa  needed  to  distinguish  them. 

■  The  paper  will  be  published  in  the  MeMcnger  MathematiM, 
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5.  On  tke  NewknUan  PottnUaL  By  Proleamr  A.  C.  DixoK,  Se.D. 

A  vector  iX+jY  +  AZ  in  which  X,  Y,Z  oi-e  functionh  of  X,  Y,  Z,  and  wUicb 
lis  reduced  to  lero  by  the  operator  v.  appears  to  be  at  least  one  of  the  analoguee 
ifor  thnM'-dimpnsionod  space  of  a  fmictioii  nf  ;i  complex  variable. 

If  such  an  expression  is  called  a  IJutniltonian  function,  then  triplj  pericMlic 
I lamiltODiau  functions  am  be  readily  constructed.    The  expression 

5    i  y-y»«-''i»«ifW»w») 

lifhwe 
"denotes 

v[(.i  -m,o,-iiiA-iiVi,)*  +  (jf-«i|3,  -asUj-iwA)' 

is  such  a  function.    Il  Ua&  two  isolated  aiHnities  of  the  simplest  kind  at       ^,  r) 
7.>«  '*«.)  Md  an  arbit  rary  zero  (a^  Vn*  hj  means  of  it  other  fnnetioiia 

Witli  nioro  cnmj)Hcated  singularities  can  be  constructed. 

In  the  theory  which  corn'j*ponds  to  that  of  the  functions  on  a  Riemann  surfuce 
the  use  of  iittnultouian  iunctions  does  not  appear  to  lead  to  the  simplest  rebultfs 
the  reason  being  that  v  ie  not  invariant  in  regard  to  inversions.  It  seems  better 
to  take  as analojTfxis  to  n  pnir  of  (■nniu;.'ntc  ftmctions  two  tliiiip'*  of  difl'erent  nature, 
one  beinjf  u  simplf  and  the  other  adoul)ie  integral.  Con*tant  (jiiautities  lo^e  their 
unique  uositiuu  and  have  to  be  conM>idered  as  having  a  himple  singularity  at 
infinity  in  each  sheet.  The  sheets  are  infinite  coextensive  spsoes  of  three  dimmaona 
and  ar«>  connected  by  doors  which  may  be  of  various  shapes.  Circuits  are  of  two 
kinds,  one-dimensioued  and  two-dimensioned;  to  bar  one  of  either  kind  one  of 
the  other  kind  must  be  added  to  the  boundary. 

On  account  of  the  <tiMppearance  of  constant  Quantities  there  is  noUung 
properly  corresponding  to  the  Abelian  integrals  nf  tne  first  kind.  Tlie  normal 
elementary  potential  of  the  second  kind  exists  and  will  doubtless  be  the  foundation 
of  the  theory,  much  of  which  is  still  to  be  worked  out. 


G.  Ths  Ducrhninnnl  of  a  Family  of  Curves  or  Surfaces.^    /iy  ProCwaor 
BiiOMWicu,  M.A,,  and  R.  W.  H.  T.  Hudson,  M.A, 

This  investigation  contains  nil  the  simple  le.sults  relating  to  the  discriminant 
of  a  family  of  Hlrrebraic  eurves  or  surfncet*  which  can  be  obtained  without  undulv 
specialising  the  launly.  The  chief  new  results  are  connected  with  the  question  ol* 
oseulatiug  contact  between  the  discriminant  and  some  or  all  of  the  memben  of 
the  family  of  curves.  The  ease  with  which  properties  of  the  dif^riminant  may 
be  demonstrated  dejiends  on  the  use  of  a  notation  wliieh,  as  it  does  not  involve 
the  coordinates  explicitly,  is  applicable  to  both  two  and  three  dimensions.  The 
eqnation  of  the  vanabla  curve  or  snrfaoe  is  expended  in  torms  of  the  patametw  t 
inthefinna 

and  each  of  the  polynomials  A,  B  .  .  .  is  subdivided  into  homogeneous  polynomials 
of  degrees  indicated  by  their  suffixes  ;  thus  A  =  A,,  +  A,  +  A  +  ....    The  origin 
.  being  taken  ou  the  discriminant  we  have  A^  =  0, 11^  -  0.   The  following  theorems 

*  (?M«r<0r{y /ihfrM/}  TOl.  sxiiv.  p.  98i 
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express  the  vdatioa  betwwn  the  disertminaiit  ukI  the  surfiMse  or  onm  A sO  near 

the  origin. 

(1)  Iq  general  the  sliapc  of  the  dt^rimitiant  is  given  bj 

O.A^  +  A.-iB,«/C» 

showing  that  the  discriminant  and  tho  sarfaoe  A  hare  a  common  tangi  ut  plane 
A,-0;  further  if  A,  sO  both  ^urfaoee  have  conical  points  and  tbe  tangent  conee 
touch  along  twn  g-f^nerators.  The  same  algehra  when  interprt^ted  in  two  dimen- 
sions proves  that  the  discriminant  is  an  envelope,  and  that  if  it  happens  that  the 
enveloped  curve  has  a  node  at  its  point  of  intersection  with  the  etivelope,  then  the 
latter  also  has  a  node  with  a  different  pair  of  tangents  in  general. 

(2)  If  0«»0  the  discrimioant  is 

0«Ai«  +  SA,P^  +  ./7B,^/D„+  ... 

showiiif^  that  in  spnco  tht;  curve  =  0,  -  0,  -  0,  is  a  cu!»pidal  pdgo,  and  in» 
the  plane  these  points  axe  cusps  on  the  discriminant.  Similarly  it  may  be  proved! 
that  the  discriminant  surface  has  a  nodal  line  and  the  dtserimiuant  curve  isolated^ 
nodes. 

(3)  If  BjeXAj  the  leading  terms  in  the  discrimiDant  are 

A, + A,  +  Aa  +  A,  -  i  (B,  -  X  A  ,m 
which  indicates  tliat,  in  the  plane,  at  isolated  points  of  the  envelope  given  by 

the  eoiitaet  is  of  the  third  order,  with  a  cofreeponding  resolt  in  space. 

(4)  If  Cq"0  and  Do*0,  which  happen  at  isolated  points  oi  the  diacriniinan^ 
aurfaoe  given  hj 

three  sheets  of  the  sorfiiee  have  a  eonimon  tangent  plane,  and  the  point  of  eootaefr 
Is  a  stationary  point  on  the  cuspidal  edge,  lying'  also  on  the  nodal  line. 

Necessary  and  sufficient  conditions  that  the  envelo|)e  of  a  family  of  plane 
carves  may  otctUate  one  member  are  found  to  be  Bi=XAi,  CqsO  j  or,  in  other 
woida^  that  it  should  be  possible  to  find  x,  y,  t  to  satisfy 

and  then  the  discriminant  has  two  branchei,  •  acli  ovulating  the  curve  at  this 
point.  Tbe  case  in  which  one  of  these  branches  is  tbe  enveloped  curve  b 
discussed. 

When  the  conditions 

are  satisfied  at  all  points  of  a  curve,  this  ciirvf  is  an  osculal-n^  »  n\ doite  and  occurs 
as  a  squared  factor  of  the  discriminant.  In  tho  case  of  the  family  of  circles  oi 
cnrvature  of  a  curve  the  discriminant  contains  as  factors  all  the  superosGOlating 
circles  and  the  point  circles  at  the  foci  and  the  ciirv<'  itself  na  a  squared  factor. 

These  theorems  in  connection  with  plane  curves  nre  discussed  also  in  a  geo- 
metrical manner.  One  method  consists  in  taking  the  parameter  as  a  third 
ocMMdinate  and  projecting  tbe  surface  so  obtained  by  rays  pardlel  to  the  third 
axis.  Another  method  is  to  regard  a  etirve  as  a  succe?si<5n  of  near  but  isolated 
points,  and  in  this  way  some  easy  intuitive  proofs  are  given,  which  require,  how- 
evefi  to  be  supplemented  by  more  rigorous  investigations.  Finally,  the  analytical 
nethod  is  applied  to  obtun  the  uaoal  results  u  connection  with  node-  and 
enap4od. 
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7.  Matrix  Notation  m  the  Theory  of  Screu^^ 
By  R.  W.  H.  T.  Hudsok,  MM 

In  this  paper  it  is  shown  how  the  six  coordinates  of  a  screw  may  be  amrr?! 
in  the  form  of  a  four-rowed  skew  matrix,  and  that  for  many  purpo*'  *  the  KTfw 
and  also  the  corresponding  infinitesimal  linear  point  transforoiation  maj  be 
represented  by  thi«  matrix.  Instancea  of  this  representation  are  given,  tad  it 
18  shown  thmt  the  matrix  PQ  ^QP  repreaeiits  a  screw  whose  axes  (in  the  Uopi^ 
of  elliptic  geometry)  cut  those  of  the  screws  P  and  Q  at  right  angles,  and  u  eaa- 
nectKi  with  tlio  dijiplacf^tiif^nt  reuniting  from  a  succession  of  halt-turn?  aHiat  I* 
and  Q  in  case  tbtse  represent  lines.    Th»'  Peterson-Morley  thef">rem.  that  '1-^ 

re  a  coqioi:'I: 

to 

theory  of  continuous  groupa.   The  notation  is  oMid  is 

condensing  the  formulie  obtained  in  extending  Barboux's  theory  of  rotation* 
depending  on  two  panuneters  u,  v,  the  chief  results  being  ex|ises8ed  by  tk 
eq^uatiou 

where  Vdu  +  Qiv  Is  the  matrix  of  the  instaataneoos  aciew. 


8.  On  Pluperfect  Numbers,  By  l4ent.-Ck>Ionel  Allan  CmnnvoRAS,  BJ. 

If  /"N  denote  the  sum  of  the  divisors  of  X  (including  both  1  and  X), tbiTi  N 
id  called  I'lupcr/ect  if  /N  t-  X  -^/x  (an  integer  >2).  A  table  of  85  axnflafn- 
foots  (?)  is  presentRd,  of  which  66  (computed  by  the  aathor)  are  bsliefsd  tn  k 
new. 

A  simple  (somewhat  tentative)  method  of  evolving  them  has  been  fvnd,  v:i. 
P=!2^~'.M„ .  F,  wluTo  M;  ('J'-  1),  and  the  form  of  F  U  suggested  by  M  ,  0:^ 
or  more  Pluperfects  Imve  l)e<'n  found  for  every  value  of  r/  up  to  SiK  ♦^xtvpt  l-l), 
.15,  ijtj;  also  for  7  =  45,  51,  &2.  •Some  are  very  large  numbers,  containing  aiore 
than  twenty  different  primes  ]  the  largest  is 

P  =  2"'.  M, .  F,  where  M,  =  (2^«  - 1) .  3 . 

F  -  3* .  6^  7M 1 . 13 .  IQ-* .  23 . 68 . 71 . 79 . 127 . 15r .  37d .  767  . 43,331 .  ym,m. 

No  odd  Pluperfect  has  heen  found.   Among  siwft  Hapeifeels — 

1.  None  has  been  found  of  order  fi>6. 

2.  Only  otie  of  order  fi  -  3  has  been  found  to  arise  from  any  one  base  i2^~')* 

3.  From  any  one  base  (2«'')  only  two  different  Offdem  {jt^fif)  ti  IliptdMf 
have  bean  found,  Tiz.  either  (8, 4)  (4, 6)  (6, 6). 

Two  kinds  of  simple  relations  are  found  to  exist  between  the  orders  {^^'r)^ 
two  sets  of  P  where  Pr :  PV  is  constant,  vis. 

If  Pr Xr./,  PV-»r».Xr./,  wheite/,/,  and  aU Uie X^'s aie 

i\'  r;    •  •  '  "r  /' 

then  also  .  ^  .  .  ,  .  =  where  »- p'^JM^ 

prorided / and/'  are  prime  to  every  Xr. 

Hence  (1)  if  »mp%  then  evezyiirs/iV;  (2)  If  f^-^s&c-iio  thsa 

■■&C.s/iV 


I  Mtumtger  nf  Mtikemaii4t,  toI.  sadL  p,  51. 
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Hence,  iu  eitlier  case,  if  one  set  (Pj      &C|  Pr)'  be  givM,  and  alio  the 

otber  set  beronn's  known, 

Abo  a  simple  relation  exists  between  P.^^,  P.,,.  w  here  P„  =  2-''^'.  M,, .  F, 
P,,.'-2'^''-'.Mv.        then  will  (if  y-y' +  2),  and  F-L^  .F,  provided 

q,         ;  q',      X41*  be  otf  prime  aiid  prime  to  F,  F\  when  MmmSn^l  imd 

Hence  if  W^-  be  ^tuen,  Pj,^  is  also  known — EXt  (j',  q) »  (5,  7)  or  (^17, 10) 
9,  0»  a  Practical  Rule  for  JindiiKf  the  Perimeter     an  JSlUpM, 

By  Thomas  Muir,  OMM,^  FM.S. 


10.  Tha  UUe  J.  Hamhlin  Smitlis  Rule  for  Me  DmsimdUtaiion  iff  BnffUth 
Money, '   By  J.  D.  HAMILTON  DiCKSOK. 

To  divide  by  9G  is  t^uivalent  to  multiplying  by  the  aeries      **"  io*    lo"  ^  '  *  * 

The  late  Mr.  J.  llambliu  .Smith  discovered  a  remarkable  a]^])lirnti nii  of  this  to 
converting  shillings  and  pence  into  decimals  of  a  £.  Starting  with  the  two  known 
firut  steps,  namely,  '  multiply  the  Hhilliugs  by  5  and  write  the  reisult  in  the  hrst 
two  places  after  the  decimal  point,  then  mnltiply  the  pence  and  |  pence  by  4 
and  odd  the  result  (increased  by  1  for  Or/,  or  over)  to  the  second  and  third  placei 
after  the  decimal  point,'  ho  proceeds  tbii^:  '  .Multiply  the  last  two  d.'cimalt*  found 
at  any  stage  of  the  proce^,  after  the  lirst  three  have  been  obtained  as  above, 
hv  4,  take  the  digit  m  the  ten's  place  of  the  product,  append  it  to  the  decimab 
already  found  as  the  next  decimal,  and  repeat  the  process;  with  the  proviso  that 
should  the  4-product  end  with  48,  {)f<,  or  88,  the  digit  in  th«'  ten's  place  is  to  be 
taken  as  6,  7,  or  0  respectively.'  For  example.  '21.  7a.  Ij^d.  gives  at  successive 
eteps  S<882,  (4  x  83  »  W  hence)  S-388S,  (4  x  22  «  88  hence  by  proviso)  2*S88S9, 
(4  X  29=  116  hence)  2'888291,  then  2*3822916,  and  now  6  repeats,  ao  that  the 
result  is  2-88i>20ir;/. 

A  simple  extension  of  the  rule  meets  the  case  where  (odd)  eighths  of  a  penny 
oome  into  the  sum  of  money.  Calculate  the  first  four  places  of  the  decimal  for 
the  sum  which  is  one-eightn  of  a  penny  legs  than  the  given  sum,  ?io70  add  5  to 
the  fourth  deoimal  pkre  (carrying  unit  to  the  third  decimal  place  if  Oecessaxy), 
and  proceed  accord  uig  to  the  ordinarj^  rule. 

The  converse  of  uese  opsrations  is  obvious,  only  ihiee  (or  in  the  last  case 
ibur)  decimal  places  being  neceSHUry  to  get  the  answer  correct  to  farthings. 

For  any  divisor  near  and  less  than  100  (say  from  99  to  93)  a  similar  procesa 
is  applicable,  with  a  suitable  change  of  the  multiplier  4.  Further,  the  process  is 
applicable  to  any  dividend  by  a  slight  extension  of  the  list  of  provisos.  The  nde 
is,  to  divide  any  number  by  one  of  these  divisors  (say  97),  multiply  the  last  two 
digits  of  the  quotient  found  at  any  stage  of  the  process  by  the  associated  multiplier 
(here  3),  add  the  digits  in  the  ten's  and  unit's  places  of  the  product  to  the  next 
two  following  digits  of  the  dividend,  coniiderea  as  being  iu  ten's  and  vni^s  places 
as  they  stand,  take  the  digit  in  the  ten's  place  of  this  sum  and  append  it  to  the 
part  of  the  quotient  already  found,  thus  extending  the  quotient  by  one  digit,  then 
repeat  the  process;  subject  to  the  proviso  that  if  the  last  two  digits  in  the  sum 

!>7 

68,  78,  88,  98 
39,  49, 69,  68, 79,  89,  99 

be  contained  in  the  annexed  table  (for  97),  the  new  digit  to  be  added  in  the 
quotient  is  to  be  4,  r>,  (>,  7,  8, 9,  t  respectively,  where  t  ie  10.  There  are  similar 
tablet  for  other  divisors. 

^         '  Traiuactiom  Edinlnirgli  Mathematical  Soeietyt  1802-r.>03. 

Il902.  u  M 
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The  origin  of  tbeie  Kmitatioiii  U  eittly  Ibuod ;  the  limitation  78  (^y wU  ii 
to  be  read  '  mven.  hundred  aad  ei^^lity  something/  is  already,  at  780,  mm  An 
8  «  07    770,  therefore  ioHtead  of  7  writf  >^  a?!  the  next  di<fit  in  the  quotient. 

A<rain.  these  limitations  are  closely  connected  with  the  usual  long  din»i.3o 
prooesb  Mi  shown  below.    It  will  b<>  noticed  that,  ia  geocral, ibe  digit  ia  the 

97>67001312(69078l> 
683 

MO 
878 

on 

000 

341 
Sill 

48i» 

place  of  each  remainder  OM^fort'  bringing  down  the  next  digit  of  the  diridendi  ii 
the  ue.\t  digit  ia  the  quotient,  unless  altered  hy  the  limitttliun^.  [TheM  ut  ptU 
in  heeTier  type  for  cleamesH.] 

Mr.  IlaniDlin  Smith  noted  that  the  process  is  true  for  any  factor  of  flckft 
divisor.    Thus  to  divide  by  33,  the  atisociated  multiplier  i<  1 ,  and  the  quotient  c*a 
be  instantly  written  dowu^  to  divide  by  7,  14,  49,  the  muiliplier  is 
recalls  the  decimal  for  |. 

The  |nooe«  ui  capable  of  even  further  extension ;  as^  for  instancs^  t»  nek 
divtaors  as  (H>7,  or  108  with  a  slight  alteration. 


11.  il  Tiieorem  in  Determinants,   By  A.  A.  BoBB. 


Department  IL^PitTBtos. 

The  ibUoiring  Papers  were  read : — 

1,  Jifote  <m  the  Varial'uHi  of  the  Specijic  lleoi  of  Mereuri/  icilh  Trmpef- 
ture :  Eocperinients  by  the  Canlimtous-Jhw  JfetJuxi  o/  Caloruiietn/. 
Howard  T.  Barnra,  Mf,A,Se.,  D.Sc,  and  H.  Lbbtbr  Cookk,  BJi. 

Since  the  commuiiicAtion  to  the  KovrI  Society  in  llKX)  of  the  work  c>l 
of  the  authors  on  the  f»pecitic  heat  of  water  it  has  been  po«>sibIe  to  continoe  the 
experiments  by  the  continuous-flow  method  of  calorimetry  to  the  case  of  wiuiit. 
These  measurements,  which  include  an  interval  of  temperature  betweea  <r  «Mi 
Hif  0.,  haTe  been  carried  out  with  essentially  the  same  apparatus  as  preTioo^ty 
used  for  water,  and  with  the  same  electrical  standards.  The  first  det^rmiajitJOM 
which  were  made  for  mercury  by  this  method  were  made  by  Profc^r  ("alltaDdir 
and  oue  of  the  authors  during  the  summer  of  l5i.*7,  just  previoiw  to  the  Tari«to 
meeting  of  the  British  Association.  The  results  then  obtained  with  o«r  pfiii»- 
nary  apparatus  were  entirely  revised  and  recalculated  three  jrears  later.  It 
intention  of  one  of  the  authors  to  include  them  in  his  paper  on  the  speciDc  be»t 
of  water,  since  they  alforded  a  most  satisfactory  veriticatiou  of  the  theorv  of  tk 
method.  Deeming  it  advisahle,  however,  to  redetermine  the  value  of  the  8^<iiJ* 
heat,  and  to  extend  the  experiments  over  as  krge  a  range  of  temperature  as  pMsbh 
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with  more  leSned  uppftratne,  it  wm  decided  to  TMem  the  publieatioii  until  later. 
Theee  nsulte,  which  were  obtaiDed  from  our  preliminary  experiments,  stnod  in 

close  agreement  with  t)i(>  authors'  later  r<^siilts,  the  error  bfinf  le.«a  than  one  part  in 
],(KK),  although  carried  out  with  ditfereot  electrical  standards  and  a  calorimeter 
differing  materially  in  design  from  the  one  recently  employed. 

The  present  aeries  of  experiments  was  made  with  a  calorimeter  in  every  wnjr 
similftf  to  the  *  water '  calorimeter  de.«oribed  by  Professor  Calleiidar  and  one  of 
the  author^,'  with  the  exception  that  the  flow  tube  was  smaller  in  bore.  The  rest 
of  the  apparatus  was  essentially  the  aame  with  a  few  minor  changes. 

FreUminarjf  BmuIU, 

These  results,  obtained  in  1807,  we  reproduce  hwe  through  the  courtesy  of 
Professor  Callendar,  who  was  one  of  the  oVservers  nt  that  time.  They  were  ob- 
tained with  jacket  circulation  system,  AvithDut  temperatun-  regulator,  so  that 
ubservatiouii  taken  at  the  temperature  of  the  laWiatory  only  could  be  successfully 
carried  out.  The  calorimeter  employed  had  a  flow  tube  1  metre  \on^  and 
1  mra.  in  diameter  coiled  in  a  spiral  as  described  by  Profes.sor  ralh Ddar.'  The 
thermometers  were  pnir  A  descrined  by  oiu'  of  the  atulmrs.^  Thf  ( 'lark  cells  were 
iS|  and  and  the  i-e^istauce  btaudard  was  one  of  the  muugauui  coiiii  described  in 
Motion  3  6|  Mfpra. 

The  only  three  deteminations  made  at  room  temperatore  are  as  follows : — 


Date                 j  Me&u  Temperature  1  i%. 

1  - 

Jtlf  9,  1897  . 

„    14     1,  • 
„    10    „     .      .  • 

250          1  '13898 
27  4           .  -laSHD 
280                  •  131)00 

•033174 
•033177 
•033 17U 

Steent  MetiUU, 

The  later  results  were  obtained  with  improved  apparatus.  The  cakffimeter 
had  a  flow  tube  abont  1  mm.  in  diameter  and  45  cm.  long.  Tlie  theimometen 
were  pair  £. 

The  mica  frame  leaistance  standards  and  Olarlc  cells  X,  and  X  ,  were  used. 
Redeterminations  were  made  of  the  value  of  the  resistances  in  terms  of  the 
standard  platinum-silver  colls  in  the  possession  of  the  laboratory,  which  showed 
that  they  nad  remained  unchanged  to  one  in  100,000  since  the  series  of  testa  taken 
for  the  measursments  for  water,  and  already  described.  The  Glark  cells  were 
found  to  have  lowered  a  little  in  value  nnoe  1900,  and  a  correction  was  necessary 
in  order  to  reduce  to  the  mean  of  a  number  of  new  cells.  The  history  of  these 
original  crystal  cells,  made  in  1306,  to  which  X,  and  Xj.  belong,  shows  that  from 
oomparisoiis  with  new  cells  made  from  time  to  time  they  have  steadily  lowered 
in  value.  A  new  comparison  was  also  made  to  several  Weston  cadmium  cells. 
There  is  no  reason  to  doubt  that  the  values  assumed  for  the  electrical  standards 
are  the  same  as  those  assumed  in  the  mea^iurement  of  the  specific  beat  of  water,  to 
uaeh  better  than  one  in  10,000.  The  thermometers  were  sJso  recalibrated  severe 
times^  as  well  as  further  determinations  made  of  the  box  coil  corrections.  Hence, 
even  assuming  that  any  error  exists  for  the  values  assigned  to  the  units  used  in 
the  calculations  for  water,  the  specific  heat  of  mercury  may  be  expressed  from 
these  naBSUMBents  intenns  of  water,  and  any  possible  error  eliminated,  from  the 
lelntlve  valae.  Since  also  tlie  same  apparatus  has  been  used,  and  as  far  as  possible 
the  same  experimental  arrangements,  systematic  sources  of  error  in  the  method  are 
to  a  large  extent  avoided. 

The  absolttte  values  of  the  thermal  capacity  of  mercury  am  given  in  the 

■  BHt.  Auoc.  Rep.f  1898. 

«  Phil,  rratii.f  vol.  oxoix.  (1902). 

'  iHI.,  vol.  oxcix.  p.  182  (1908),  sec.  3  a 
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following  table  for  different  temperatureSi  calculated  by  the  metliod  already  descziiKd 
1^  ooA  of  the  ftttthon. 

The  results  are  in  terms  of  the  nitrogen  thermometer  and  are  imcorrectni  for 
the  temperature  gradient  in  the  flow  tube  as  doprrihed  Ijy  Professor  Callendtr. 

Since  thi8  correction  is  small,  and  is  partly  balanced  by  the  correction  to  tie 
standard  hydrogen  scale,  the  results  will  not  he  changed  much  by  ita  applicatitofi. 
and  the  variation  with  temperature  will  remain  practically  unaffected. 


MeanTempw  |  Ja. 

B  (J-4-1801) 

Rnnde 

2-86 

•14005« 

•033435 

•14003 

2-93 

*140086 

•033440 

-140O2 

4*49 

•1398S7 

•033405 

•ism 

!  18-37 

-139469 

•033291 

•13939 

24o2 

*139182 

•033224 

•13915 

31-68 

•138890 

•033166 

•13889 

89*14 

•188878 

•033161 

•13888 

32-41 

•138846 

•o:vMn 

•1388T 

36-59 

•138763 

•033121 

•13873 

45-0 

-138447 

•033050 

•13M7 

53S9 

•138926 

•082997 

•13829 

66-22 

•137942 

•03-2929 

-13791 

88*89 

•187479 

•032818  1 

*187tt 

In  fig.  1  is  given  a  plot  of  the  observations,  the  vertical  scale  being  the  \tim 

J8-0140 
0-140^ 

The  ipreVasAmay  nsults  are  also  tnelnded. 

It  will  be  seen  that  the  specific  heat  decreases  with  lise  in  tempemtim^  ts^ 
gesting  that  portion  of  tlie  curve  for  water  between  1(P  and  20°. 

Results  over  a  wider  interval  of  temperature  could  not  be  convei.it  ntiv  takt- 
with  the  present  apparatus.  We  purpose  continuing  the  work  to  much  higbrr 
temperatures  immediately  in  order  to  trace  the  oouise  of  the  curre  as  the  laSnf- 
point  of  the  mercury  is  reached. 

The  eqnatioii  representing  the  change  of  Js  and  shown  hy  tho  enrre  In  tk 
figure  reads: 

Js,-  Jso- 4-402  X  10-^  t  +  -0167  x  10~* 

where 

Ji^»  •140164 

The  value  of  the  specific  heat  in  terms  of  water  has  been  calculated,  takiiur 
the  value  of  J  equal  to  4-1891  for  a  thermal  unit  at  15°-5,  which  wa«  the  tempB*- 
ture  recommended  by  Griffiths  at  the  Paris  Oongrsss  in  1900^  as  heing  sutehb  lor 
the  selections  of  the  thennal  unit. 

The  temperature  expiesaion  of  the  specific  heat  reads: 


or 


whore 


S,  =  S, 1-074  X 10-*  i + -00885  X  10-»  <» 

K21 «  4- -00000115  i« 


S<»«'08S458. 

This  gives  for  the  temperature  coefficient  at  any  temperature  t  the  expr«6^& 

^  (^)  -  --000821  +  -00000880f 

at  / 

and  fior  the  aTerage  change  per  degiee  at  50^  the  Talue  --OOOOOfia 


Digitized  by  Google 


TRAKSACrnONS  OP  SECTION  A. 


533  . 


Cmpared  with  the  Work  of  other  Obtervers, 

The  value  of  the  specific  hMt  obtained  bj  Renault,'  and  so  UDiversally  adop  ed, 
!>., -OS-'i^i',  is  found  to  be  in  agreement  with  our  determination  at  LT  o,  and  very 
i\f\<id  to  the  value  at  the  ordinary  temperature  of  laboratory  work.    Tb»'  value  was 


obtained  over  a  range  10°  to  lOCf  iu  terms  of  a  thermal  unit  at 


10°,  and  iu  con- 


siderably in  excess  of  our  value  for  tbe  wune  mean  tempenture.  Experimenta  to 
detennino  the  variation  with  temperature  indicated  an  increase  in  specific  heat 
with  inereaaiiig  temperature. 


~0I 


(&  

\ 

V 

50** 

100* 


®  Obsermtlom  of  Hnnioti  and  CiMikp.  19u2. 

X  Obaenrations  of  CallemUu:  and  Barnes,  1887. 

B    O  Formnln  proposed  by  Biume*  and  Oooke. 

W  Fnrroulft  i)n)p<>se«l  by  WInkd: 

M  Formula  proposed,  by  Millbaltf. 


Winkelmaon^  carried  out  an  extensive  series  of  experiments  by  the  method  of 
oiztore,  to  determine  the  temperature  coefficient)  and  was  the  first  to  show  that 
the  specific  heat  decreased  as  the  temperature  increased.  This  result  being  so  ex- 
cpptional  at  the  time,  and  so  contrary  to  the  results  for  other  liquids,  the  author 
was  inclined  to  regard  it  a«  doubtful  until  bo  finally  verified  the  lirst  experiments 
by  a  second  series,  in  which  he  eliminated  certain  sources  of  error.  Two  ranges  of 
t^perature  were  taken,  the  first  between  20"  and  60°  C,  and  the  second  between 

and  142*  G.  The  average  varistion  from  these  measurements  was  found  to 

»  Pogg.  Ann.,  vol.  15.  p.  U  (1810),  and  vol.  U.  p.  238  (1840). 
»  Ibid.,  vol.  clix.  p.  152  (1876). 
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be  -  '0()CO()('>0.  No  absolute  measurements  were  made,  but  tbe  ?alue  obtaioadbr 
Begnault  was  assumed. 

The  formula  proposed  by  Winkelmtnii  is  shown  in  tho  figure  (W).  lUinili: 

S,  -  S^^  -  'OOOOOGO  t. 

The  remarkable  opirepraent  with  the  averag^e  change  fn">m  our  detune  mat  ;rf,< 
i«  shown  very  clearly  ir\  the  tijrnre,  a  total  decrense  of  l*  per  cent,  betvea 
0°  and  100°  being  given  both  by  Winkelmann'a  results  and  onr  own. 

The  position  of  tho  curve  in  the  figure  shows  that  the  tempemture  at  vtidi 
Winkelmann  assumed  Kegoault's  value,  which  Id  one  case  was  the  mean  (rm  Wt0 
20°,  and  in  the  second  case  from  13^  to  '2o°,  is  very  nearly  ennal  to  tlieteflfsi- 
ture  at  which  our  value  is  exactly  pqual  to  Kejrnault's,  i.e.,  ]:°  :\  C 

IVttHfsson  and  Ht'lelius  '  oblamed  0.*i.J2r>(;  between  and  •();i.'iL*02bet^*«i 
6°  ami  it.  ,  0;i;l;iOO  betwet^n  and  26°,  and  OHiVJOi)  between  o  and  iW'  C.  Tttcie 
results  were  all  expressed  iu  terms  of  a  thermal  unit  for  water  at  0^. 

Tbe  measurements  were  repeated  more  accuraii  ly  by  J.  MUibaler.-  whooirit 
similar  method  lo  the  previous  investigators,  the  method  of  mixture.  THi^ 
author  verified  Winkelmann's  result?  aud  t*howed  that  tlie  ^pecilii*  heat  apjarerTlr 
decreased  with  rise  of  temperature,  the  average  decre<u)e  trom  his  measureiseiiii 
being  '0000002,  which  is  somewhat  greater  than  Winkelmann  obtained. 

'Ihe  formula  proposed  by  Milthaler  is  shown  in  the  figure  (M).  The  slope  of 
tho  curve  is  aliout  the  same  as  the  slope  of  our  curve  at  the  low  lenipersturr . 
but  sincr'  Miltlialer  supposed  this  fi)rmula  to  apply  as  high  as  L^'Hi';  its  airrrtoifa'. 
for  the  low  temporatun  s  i>  iiior*'  a  matter  of  comcidence.  The  pn^itionof  th«  Uw 
in  tbe  figure  8how<4  that  ihe  value  of  Teltersson  and  Hedeliti^s  wnicb  be  a^^nie^ 
is  too  small  at  0^  compared  to  our  values,  but  this  value  will  be  inereaesdelKi 
corrected  to  a  thermal  unit  for  water  at  Ib^i  instead  of  (f,  and  will  tbeo  be  bcosgin 
into  much  closer  agreement. 

2.  Sonie  Exjjerhmnts  on  Jiadiation  and  Ahsorpliou  :  a  Preftminarff  Stud'j 
for  a  SUmdard  of  LiglU,    By  J.  E.  Pbtavbl. 

The  first  part  of  the  paper  refers  to  some  determinntinns  of  the  inlrissic 
brilliancy  of  iridium  and  platinum-iridium  at  their  temperature  of  fusioa. 

It  has  been  previously  shown  ^  that  if  f  be  the  temperature  centigrade  isil^ 
the  intrinsic  brilliancy  iu  candle-power  per  square  centtnetre 

Formula  I. 
e>i>400-i-880-6«</6 

The  photometric  obscrrations  and  calculated  temperatures  of  ftuiun  angi^*' 
in  the  following  table: — 


TntritiHic  brilliancy  in 
c«uidle  power  per  square 
oentimeftiB 


riatiniim    .       .       .       .  ■  19  Ije.*^ 

Platinum- iridium  (25  per  i  34  1,^3 
cent.  Ir.). 

Iridium     ...      J  290  j  S,i2S 


Meltinjr-js^int  in  ueffT«» 
centigrade  from 
I'VinBvlaL 


The  temperatnte  of  a  radiating  body  nay  also  be  estimated  tqr  * 
method. 

'  Jour,  fur  prak.  Chem.^  vol.  xxiv.  p.  135  (1881), 

*  HM.  Ann,^  vot  zzxvi.  p.  897  (1889). 

*  See  FfiiL  A-oni.,  oxd.  501. 
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Tlie  pconeotegc  of  the  total  radiation  passing  through  two  cent! metres  of  water 
las  been  measured  at  various  temperatures.  It  is  shown  tliat  lor  platinum  above 
I.<>0<>^  ('.  this  quantity  is  approximately  ft  Uoear  function  of  the  tempeniiurei  the 
rt^latioD  beiug: 

Formula  II. 
t»  872-1- 81-03  A 

where  <  is  the  tempetatnre  centigrade;  A  the  (ercentage  of  total  radiation  passing 
throuj^  a  two-centimatie  watisiytrough  havisg  quarts  aides  two  millimetres 
thick. 


Peroentage  of  toUl  radia*      MeIting-{X)iut  in  dogreea 
—  !   tion  transmitted  ihioagh  oentigrade  (rom 

I  two  oantiiiMtras  of  water  i  Formula  XL 

 _^   I   

Falladium  .      .      .      .  !  8*84  I  1,G93 

I  FlMtinum  .  .      .  >  lt-0  I  1,770 

'  Platiniiai  iridium  (86  per  18*2  1,888 

cent.  If.)-  I 


The  first  formula  only  applies  strictly  to  a  platinum  radiator ;  the  second  is  at 
tbe  best  a  roufsrh  approximation. 

They  niay,  however,  be  of  some  practical  use  in  many  cases  wbero  Tery 
aocumte  results  are  not  necessary,  or  where  the  temperatuies  are  too  high  to  be 
directly  measated* 

In  the  second  part  of  tli<^  paper  the  absorption  curves  of  a  number  of  substances, 
including  glasSy  quarts,  fluorspar,  water,  benzol,  bisulphide  of  carbon,  &c.,  are 
given. 

The  curves  refer  to  the  radiation  emittsd  by  incandescent  platinum,  the 
temperature  range  being  from  1,000  to  1,700*  C. 

For  all  these  bodies  the  percentage  of  heat  tmmsmitted  increases  with  the 

temperature. 

One  exception  to  the  rule  is  noted — nameW,  black  fluorspar. 

In  experimental  work  ii  is  frequently  desirable  to  maintain  the  temperature 
of  a  radiating  body  constant;  the  anomalous  absorption  of  Uack  fluorspar 
provides  a  n^ady  means  by  which  this  may  be  done. 

If  two  thermopiles,  one  mpasurinj?  the  radintioTi  throuph.  say,  fr^ifP,  the  other 
tbrnugh  black  fluorspar,  ure  connected  in  opposition,  there  will  be  n  critical 
temperature  at  which  the  resulting  galvanometer  deflection  will  be  2ero.  The 
setoal  temperature  at  which  this  will  occur  will  depend  on  the  lelatiTe  thlcknesB 
of  the  plates  and  on  the  rehtive  distance  of  the  tbermopilee,  but  for  a  giren 
disposition  of  the  apparatus  it  will  always  be  the  same. 

Some  exfieriments  are  now  being  made  with  a  standard  of  light  based  in 
principle  on  the  above  resulUt, 


3.  Umia  Obaervationi  on  £qualion8  q/*  State.   By  U.  H.  F.  Htkdmak. 

1.  Equations  of  state  ma^  be  obtained  by  two  methods — one  by  strictly  theo- 
retical deductions  from  certain  pven  premises  checked  as  much  as  possible  b^ 
•^xperimental  results,  the  other  frankly  empirical  and  includipg  as  many  expert* 
mental  results  as  possible  in  a  syjitematic  manner. 

The  only  equations  considered  here  will  lye  those  which  aie  in  accordance  with 
tbe  *law*  of  corresponding  states,  and  they  may  be  generally  expresied  in  the 
iioilowing  form : 

/(p>r,/,A,B,C)  =  0 

where  A,  B,  C  were  independent  constants  directly  expressible  in  terms  of  the 
gi8  constant  K  and  the  three  critical  constauts  (/>,  v,  t)t. 
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The  problem  is  u;;ually  nt tempted  by  iirst  formiflg  the  vixial  at^OAtioii  ktik 
molecuiee^  which  may  bo  written 

J 

p«  •  i  me  •(>  j  2^{v)  -  i2«F(v) 

and  endeavouring  to  evaluate  the  terms. 

The  fint  may  be  taken  equal  to  RT.  The  second  expresses  the  colliaiofl  of  tk 
molecules,  and  is  in  general  a  function  of  v  and  T.  The  third  eKprsswe  the  attnctia 

of  the  molecules,  and  is  also  a  function  nf  v  and  T.  In  many  esBes  equations  k&T« 
been  deduced  in  accordance  with  the  law  by  making  certain  simplifications  in  tk? 
assumptions  mentioned,  but  more  specialisation  introduces  more  con^tantt. 

The  equuliuus  of  lioltzmaun  aud  Ileiuganum  are  the  most  sati^facKnT  a 
praaent  known.  The  ardical  equation  of  ▼.  d.  Waala  wdeatann  to  advaate  bf 
ocmaideriog  the  ririal  of  the  atoms  in  the  moleeulei  bnl  it  ia  implieit  and  Isabto 
some  false  deductions,  e.t/.,  tliat  f>=-f(i-)  nnly. 

The  empirical  method  lias  bt>eu  most  completely  followed  by  Ksoifriiiti> 
Onnes '  from  Amngat's  1803  values  for  H,,      jSj,  CO,. 
It  is  given  in  (he  form 

where 

X  =  (^!^^^  p,  ©,  T  are  reduced  p,  p,  t 

Since  r  is  here  expressed  in  terms  of  the  tljeoretical  normal  vohime,  tik' 
oquatiou  agrees  strictly  with  the  law.  It  expresNss  with  eon.aiderable  eiactw 
the  reduced  isotherm  from  r  -  l2-'2d  to  0-697,  and ^  -  3,000      to  1. 

9.  A  atriet  adherence  to  the  law  of  ootreipondin^  states  for  the  dedadioo  d 
equations  of  state  is  quite  arhitnryi  and  ia  only  justified  by  ita  geaend  iffih 
cabili^  and  our  lack  of  aceaiate  knowledge. 

The  hnxden  of  the  proof  of  the  law    ^  '  -KftUsnpontheeriticddataiM. 

PkVk 

as  shown  recently  by  Matthias,  are  in  general  very  uncertain,  and  no  advance  on 
he  made  until  better  results  are  to  hand. 

To  form  an  opinion  as  to  the  theoretical  causes  of  diveipel^ce  the  nrioc 
axioms  used  for  tne  deduction  of  equations  of  state  are  conawiered,  and  w 

pOR'^ible  directions  of  advance  indicatrd. 

An  extension  of  tlie  law  i.s  needed  if  the  value  of  K  for  argon  can  be  toJien 
anywhere  near  correct,  for  then  the  value»  of  K  would  vary  from  '2'67,  ^^^^ 
of    d.  Waala'  original  equation,  to  more  than  8'4,  the  value  given  by  his  sfded 
equation,  and  found  experimentally  for  oxygen  and  nitrogen. 

•  I.  The  values  of  the  crit  ical  constants  de])end  largely  upon  the  exact  eipH*" 
mental  conditions,  and  even  their  theoretical  meaning  is  questioned.  ^ 

I)e  Ueen,  Gaiitzine,  and  Traube  consider  that  under  their  conditioBi  rf 
experiment  the  fluid  is  not  to  be  treated  ea  homogeneous,  but  as  a  miitiN  « 
two  species  of  molecules^  and  the  composition  of  which  depends  upon  the 
perature.  The  critical  point  is  then  merely  a  point  where  the  two  ppecies  c»c 
mix  in  all  preportionsi  Mid  where  a  sudden  transformation  from  one  to  the  othei 
occurs. 

This  assumes  that  liquid,  or  at  any  rate  a  meuitkius,  can  be  formed  tbow  t» 
critical  point. 

A  discussion  of  Traube*s  work  shows  that  his  theorv  is  not  in  accordance  vi>> 
his  and  de  Heen's  obsers'ations,  evpn  if  the«e  are  considered  as  fret*  from  tSfilt 
mental  errors  due  to  the  neglect  of  certain  precautions  such  as  stiiriAg. 

'  Qmmutueations,  Leiden,  No.  71,  Jane  1001. 
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4.  The  work  of  Amaj^at  and  Young  lias  sufficiently  indicated  tbo  general 
course  of  the  isothermals  and  their  general  correspondence.  AVork  is  now  wanted 
A'hicli  is  sufficiently  accurate  and  extended  to  show  the  difierences  from  the  law 
shown  by  varioas  groups  of  aabstanoea.  For  mtiiT  problemi  an  aoeuiBcy  of  yn^ir 
ift  lout  is  nqiiivn,  anl  Hub  can  only  be  attainsd  oy  the  greatest  care  in  the 
measurement  of  pressure  rolume  and  temperature.  Such  has  bssil  the  olyoct  and 
the  result  of  t)ie  work  carried  on  at  Leiden  for  some  years. 

The  i«>themi3  of  argon  would  enable  maov  problems  to  be  attacked  owing 
to  the  -piobaUe  phynca!  oonatancy  of  the  molecole,  and  would  fnrm  slaiidtia 
iaothermalfl.  Present  results  are  rarely  standard,  as  they  nsoaUy  depend  upNtm 
the  readings  of  a  gas  manometer  filled  with  air  or  mtrogeni  and  thus  are  in- 
fluenced by  the  uncertniniy  in  the  i>otherms  of  these  gases.  The  only  really 
accurate  isotherms  at  prese  nt  known  are  those  of  hydrogen  and  oxygen,  of 
which  gases  the  latter  ib  uui^uitable  fur  standard  iudtrumeutd.  A  systematic 
ose  of  the  hydrogen  manometer  at  a  etudard  temperature  would  ohviate  the 
difficulty. 

Starting  from  the  liydrogen  isotlierra  '  at  20°  C.  as  standard,  the  isotherms  of 
oxygen  at  pressures  up  to  tiO  ats.  and  at  temperatures  between  20^  and  — 120°  C. 
haVe  been  studied,  and  the  isotherms  at  20°,  15*6°,  0'0°  published.'  The  other 
isotherms  will  shortly  be  given,  together  with  very  aoeorate  determinations  of  the 
Stitieal  constants,  which  wUl  make  posuble  an  accurate  equation  of  four  terms 
for  oxygeu.  Tlie  other  data,  required  to  completely  check  the  differences  in  the 
general  equation  arc  not  to  hand,  exce])t  tlie  compressibilities  of  hydrogen  ^  at  a 
few  prei»«ure8  and  at  temperatures  1m  t  ween  0*0°  and  —  196°  C,  where  hydrogen 
corresponds  to  oxygon  between  0  0^  and  100*0°  C,  and  hence  where  the  minimum 
oC  JP9  can  be  foQin  experimentally.  The  numbers  allow  the  Talue  of  8  to  be 
Isirly  aocnrately  fixed.   


i»  On  ike  Qr^phicol  HepmenkUion  of  Batmoff  and  Young's  Law /or  the 
Comjxtrimy}  of  VapouTt  iU  Equal  FreMures,   By  Prolenor  J.  D. 


5.  Dependence  qf  Pitch  of  Minute  Cloeed  Pijiee  on  Wind  PteesureJ^ 

By  a  S.  MTSB8,  M.D. 

The  author  gave  a  pieliminaiy  aooonnt  of  recent  experiments  on  the  varying 
pitdi  of  tones  produced  from  Galton  whistles  according  to  the  wind  pressure 

employed.  He  showed  that  for  every  pipe*Iength  there  b  an  optimum  wind 
pressure  for  the  production  of  the  highest  tone ;  that  under  certain  conditions 
the  pressure  can  be  so  adjusted  as  to  give  no  audible  sound,  while  a  Tiote  can  yet 
he  heard  if  the  pressure  is  in  the  lea^t  degree  increased  above  ur  dimiuiiihed  below 
ihst  point;  and  that,  under  other  conditaons,  increase  of  wind  pressure  may 
produee  a  sudden  decrease  instead  of  the  more  common  rise  of  pitch. 


6«  A  LemJ'or  Ultra-violet  Tikerapy,   By  J.  William  Giffobd. 

Reference  Ls  made  to  a  photographic  doublet  of  quartz  and  calcite  described  at 
tHe  Ikadford  Meeting  in  1900, and  a  triple  achrouiatised  similarly  for  the  chemical 
visual  maxima  (wa?e-lengthB  2748  and  6607)  is  recommended  iior  the 
purpose. 

The  chief  requirements  are — 

1.  That  the  calcite  lens  be  protected. 

'  Schalkwijk,  OmmunicaHont^  Leiden,  No.  70. 

*  Oones  and  Hyndman,  ibid.^  Leiden,  Nos.  69  and  78. 

'  Ikid.,  Leiden,  ^o.  82,  January  li>03. 

«  VuU  data  are  given  in  Jewm,  ^Phynol,  voL  zzviii.,  No.  6^  1908. 
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2.  Tliat  rajrs  should  pass  through  the  calcite  i&m  parallel  to  its  axis,  which 
•lioald  eoRMpond  with  the  axis  of  the  cr}  stal. 

8.  That  toe  lens  should  be  achromatic  for  the  wave-lengths  chosen. 

4.  Thnt  !is  far  as  pnH.<»ib]e  the  combination  should  be  aplanatiCi  but  in  aoj  cue 
the  nberratiun  should  he  tliu  same  for  both  wave>Icngth8. 

5.  Thftt  only  two  lens  tools  should  be  necessary,  so  that  it  may  not  he 
expentiTe. 

Then  feqnirenento  ma  Mtisfied  hj  a  triple  eooaiatii^r  of  two  outer  lii<oi>OTex 
knees  of  ^unrti  endoaiog  an  equi-eonGftTe  oi  csleite.  The  details  follow : — 

Badii.  R  and  8"  =  ±  210739.  8.  B\  8'  and  R"  >  ±  1-9M16. 

T!n<  kr .  vs.   /  and  t"  s  33763  (quarU).   f  «  -0750 (oalcile). 

Diameter     =  1  50. 

Mean  priQcii>sl  focus  =  2*33897 

M   oonjagate  „  ^  4  C774H  f<nr  wave-length  2748 

u        n        »  =  4  »;7h:v.>  „        „  6607 

Otttetaading  ohioinatic  enor  s  '00001 

Spherioal  abenatioo  wave-length  S748  s  -  >78087 
„  „        5607  =  -  -81762 

The  spherical  ahemtion  may  be  reduced  to  Tanishinf^noint  for  the  heighta 

fhoMen  by  f<eparating  the  first  two  lenses,  but  owing  to  the  Ics  of  lijrht  by  reflec- 
tion at  the  ntr-.«pace  it  if  preferred  to  make  optical  contact  by  cementing  all  inner 
surfaces  with  gljceriue.  The  spherical  aberration  is  not  as  ferious  as  would 
appear*  the  height  taken  near  the  Teriex  repreeenting  a  very  small  area. 

To  avoid  double  refnction  the  distanceeof  spark  and  object  from  the  lens 
most  be  tbe  same. 

It  is  best  to  have  one  right-l«anded  and  one  left-handed  quartz  element. 

l^ksite  heoomee  opaque  to  ultra-riolet  bevond  wave-length  S146,  but  the  skin 
and  tiMuea  are  already  very  opaque  at  wave-leqglh  2500. 


7.  Mr,  VeiaveVa  liecordhuf  C'tmge  applied  to  Ordnance  and  Hmall  Anm.^ 

By  Captiiiii  J.  Bruck-KinosmilLi  Ji,A. 

After  a  brirl"  con-nidenitinn  of  some  '»f  the  problems  of  bnlli.stics,  an  account 
was  gixi  u  of  the  various  methods  by  which  in  modern  practice  the  pn^i)ert ie«  of 
explosive.^!  nre  determined. 

Althoug'h  the  oldest  typ'  of  hent  e!ig;iii>',  tlt«  prun  was  rill  rprmtly  the  li^ast 
well  undei-xtixxl.  It  wn.*  not  until  the  cruslier  ^^aiige  hftd  been  brought  out  by 
Sir  Andnnv  Noble  (then  Captaiu  Noble,  R.A.),  when  a  niemlx'r  of  the  Exploaves 
Committee  of  1860,  that  tbe  maximum  pressure  could  be  scrurately  measured. 

Thanks  to  his  exliausti\e  researobes  and  those  of  AVI,  VieilK*.  ami  Hertbelot, 
thanks  also  to  the  uiiiiit(  rnipt«»d  exjwrimental  work  Im.s  been  c«rrie<i  out 

independently  ut  »ucU  ceiitie.s  U8  Woolwich,  Elswick,  u,  by  the  Creusot 
Company,  &c.,  the  necessaiy  data  have  gradually  been  determined,  and  the  design 
of  artillery  (which  at  one  time  wae  a  matter  of  guesswork  and  rule-of-thumo) 
has  become  an  exact  science. 

But  the  use  of  higher  prefsuret*  and  more  powerful  srtillery  luu»  of  late  made 
a  ftirther  advance  neoesiafy. 

The  rapid  development  of  the  stenni-engine  and  the  hiph  efficiency  attaintnl  to 
by  it  may  to  a  lai^e  extent  be  attributed  l>»  the  use  of  the  indicator  by  means  of 
whieli  the  internal  working  of  the  engine  can  be  a«ci>rtained. 

The  need  of  a  oorrespoodiDg  device  for  use  with  artillery  was  soon  felt 

To  meet  this  want  several  instnnnents  have  l)een  devit^ed. 

Sir  Andrew  Noble  conceived  the  ingenious  idea  of  relieving  the  spring  of  the 

*  pubilsbed  in  wtmto  in  SnfinMrimft  March  18, 1008. 
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indicalor  «t  neftt  the  nftximuni  fHMSttm,  and  thus  obttiiiiiig  tn  eioalleDt 
fecord  of  the  rate  of  f«ll  of  pnMure  in  a  doted  veieel. 

Vieille  has  (h'sijj^ied  two  histrumrntfs. 

In  the  first  the  rt^rd  of  a  tuiiing-fnrk  if  in^cri>K»fl  on  a  plate  supported  by 
a  stiff  spriDjZ",  which  is  bent  hy  the  pressure  of  the  explosion. 

In  the  aecoud  the  mo' ion  of  the  spring  itself  is  directly  iuscribed  on  a  rcvolvin]? 
crlinder. 

Tlw  defleetiona  in  either  caae  are  rery  fmall,  the  records  being  read  bj  nesns 

of  ft  microfscope. 

In  tb<'  in^triiineiif  with  which  the  ]»re«ent  pnp-  r  i"«  raon^  p?*|»ocially  concerned 
the  spring  of  the  iiulicutor  is  replaced  b^*  a  metal  tube,  the  deflection  corresponding 
to  the  elMtic  compression  uf  the  niaUfnal. 

The  deliection  is  magnified  hj  a  very  light  leyer,  the  curve  being  recorded 
either  photographically  or  stylographiciilly  on  n  revolving  cylinder. 

'1  he  udvant4i^a>d  of  the  instrument  nre  twofold. 

1st.  The  time  period  is  sutliciently  short  for  an  accurate  record  of  the  fastest 
explosions  to  be  obtained. 

2nd.  The  reeonls  are  of  the  dimensions  of  an  ordinary  steam-engine  d'agran, 
end  can  therefore  be  measured  directly  with  suthcient  accun^y. 

This  instrument  will  gi?e  an  aocniate  and  easily  read  tim^-qfoee  eonre. 

8.  Oti  nn  ImproVBmnU  upon  U%iygenH  Coruflruction, 
By  G.  JoHHvrOHi  Storbt,         i>.i5<e.,  F*Ji.ii. 

^  Tbe  hypotheeis  tliat  underlies  Huygeiis*  construction  Is  that  if  S  be  a  surfaos 
vith  which  the  wave*fronts  of  an  undulation  come  8uccesi>Ivelv  to  coincide,  and  if 

wp  call  K  and  the  spaces  on  either  side  of  this  surface,  the  direct  io»)  of  ]>ropRrrn- 
lion  being  from  K  to  Q,  then,  i)>tHa<l  of  the  actual  wave-motion  m  ijpuee  if  i^ 
permis6ible,  as  an  hvpothesib  which  in  legitimate  for  some  purposes,  to  substitute 
tbe  sioialtaneous  adTance  into  euuce  Q  of  undulatbns  of  sphencal  wavelets  which 
have  started  simultaneoosly  in  the  same  pliase  from  the  several  puncta  (or  physical 
points)  of  surface  S. 

The  improvement  consists  in  usin/,  in«*teail  of  the  surface  S,  a  stratum  of  a 
wave-length  in  thicknejjs,  and  iissuming  that  undulations  of  bpheriail  wavelets  of 
cqoal  intensity  start  simultaneously  at  the  instant  t^r  from  all  the  punela  of  this 
^tratnm  tn  Me  pkatts  in  mkiek  ike  ongintil  undulation  raseAes  thote  puneta  at  that 

instant  of  time. 

Tliis  hypothesis  can  b»'  jujutified  as  a  simplification,  which  for  almost  all  pur- 
\"-»'3  legitimate,  of  the  complete  resolution  into  spherical  wavelet>  of  wliich 
iwe  was  made  in  a  naper  read  bv  the  present  writer  bef<tre  the  British  A>sociation 
in  ]8o9,  and  publishcNl  in  the  *t^nsactions*of  the  Koyal  ^rish  Academv  for  1800, 
p.  37. 

While  Iluygens'  more  cnule  constmctinn  gives  a  correct  result  only  in  the 
direction  of  propagation,  furnishing  results  that  deviate  from  the  cnri  i ct  result  in 
inclined  directions,  and  suggesting  false  results  for  l>ackwar(l  directions,  the 
amended  construction  gives  almost  exactly  correct  rssults  in  all  directions. 

Moreorer,  with  the  new  construction  it  is  lefritimate  to  nlHce  the  atratum  S 
oblic^oe  to  the  wave-Iron f  ns  well  a^  coincident  with  it.  When  in  the  oblique 
position  t!ie  t  hickness  of  tbe  stratum  is  to  be  X  coe  ^,  ^  being  tbe  inclioation  of  to 
tiie  wave-front. 


9.  Horn  to  OjypJy  the  Rfsolut ion  of  Light  into  U ndulatiima  of  Flat  Wavelets 
to  the  Investigation  of  Optical  P/ieiwmena,^  By  (J,  Jounstone  Stonky, 
Jf*A»f  l},Sc,f  F,R.S, 

The  light  undulations  that  propaj^ate  themselves  forward  thron^rh  a  uniform 
isotropic  medium  maj  bo  resolved  in  an  infinity  of  dill'treDt  ways,  and  among 

>  FkiL  Mag^  Febmaiy  1803. 
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tiMD  into  uodolatioiii  of  oonyex,  or  of  eonctTo,  or  of  flftt  wtTdetfl.  That  a  iMoln* 
timi  into  uniform  flat  wavelets  is  always  ]>os8ibIe  is  proved  in  a  piq^  pabtiflhed 
at  page  670  of  last  years  Rtportof  the  I3ritish  Association,'  and  the  present  paper 
18  ae?oted  to  explaining  a  cuuTenient  way  of  making  pmctical  use  oi  this  method 
of  leaolution.  The  rewlotioii  of  light  into  nndulatiooii  of  uniform  flat  wavelets 
iias  the  great  advantage  over  every  other  resolution  that  each  of  these  flat  iraTolet 
components  does  not  undergo  alteration  as  it  advances  through  tli*-  medium. 

Inatead  of  making  use  of  rectangular  or  polar  coordinates,  the  poeiiion  in 
■paee  and  the  motion  of  each  of  the  component  undulations  an  referred  to  a  fixed 
bemispheie,  for  which  the  name  of  rtference  hemi^kere  is  suggested.  Each  point 
on  the  convi'x  side  of  this  heraisphr-re  is  the  ffnidr-jwint  of  two  undulations  of  dat 
wavelets,  one  travelling  outwards  along  the  radiua  to  that  point  and  the  other 
traTellbff  in  the  o]>posue  direction.  If,  then,  we  know  whether  the  undulation  is 
outward  Dound  or  inward  bound,  the  position  of  its  guide-point  upon  the  surface 
of  the  reft>renc<'  ht>mi«})liorp  indicates  both  the  orientation  01  the  wave>fhmta  and 
the  direction  in  which  they  are  being  propagated. 

Thsse  particulars  are  even  more  convementlj  fndioated  hj  tiie  orthogonal 
projection  of  the  guid)'-})oint  upon  the  flat  circular  base  of  the  hemisphere.  This 
projection  uifiy  W  i  allt  d  the  index-point  of  tlie  niidiilation,  and  th*>  patt-'m  pre- 
sented by  the  index-points  of  all  the  undulations  thai  we  have  occatiiou  to  deal  with 
in  any  problem  may  oe  called  their  indicator  diagrmn. 

from  this  construction  a  number  of  propositions  are  deduced,  whidi  make 
it  eafiy  to  apply  the  above  metliod  of  analysis  to  the  solution  of  niRny  optical 
problems,  including  some  which  either  cannot,  or  cannot  without  dilliculty,  be 
treated  by  any  of  the  nsual  mediods. 

It  also  suggests  interesting  experimental  verifications,  and  make!>  what  is  wsm 
in  these  experiments  intelligible  in  a  d«'pTee  that  thoy  have  not  hitherto  been. 

The  same  proof  furnishes  the  more  general  theorem — that  light  traversing  anjf 
uniform  tmnsparent  medium,  whether  isotropic  or  doubly  refracting,  may  he 
re»«iolved  into  undulations  of  flat  wavelets — and  that  the  reference  mrface  by  which 
the  orientation's,  velocities,  and  states  of  polarisation  of  these  undulations  can  be 
indicated  is,  in  general,  half  of  the  wave-surface  of  that  medium.  This  reference 
surface  becomes  a  simple  hemisphere,  and  at  the  same  time  loses  its  power  of 

'  At  p.  iWl  of  the  Mnnfhlif  Notice f  of  the  }!oyal  Astronomical  Society,  issued  in 
September  1902,  Mr.  E.  T.  Whittaker  has  given  another  and  extremely  elegant  proof 
of  this  theorem  by  showing  that  every  solution  of  the  equatimi 

v«v-  i 

can  be  analysed  into  undulations  of  flat  wavelets  advancing  with  the  speed  A, 

This  proof  has  the  advantage  of  deriving  the  rseolntion  directly  fir«nn  the  fonda- 
mental  dilTcrential  eqnation  of  wave-motlon  where  the  speed  of  propagation  is  the 

same  in  all  '^iri  clions  and  is  a  constant  as  re<jnrdH  .r,  »/,  r.  and  f ;  a  condition  which, 
as  Clerk  Maxwell  showed,  is  fulfilled  by  electromagnetic  waves  in  an  isotropic 
medium  whenever  we  may  assume  that  the  product  of  the  two  inductive  capacities 
of  the  medium  is  independent  of  the  intensity  of  the  alternations  of  electromagnetic 
stress,  notwithstanding  tliat  in  dispersing  media  it  is  not  independent  of  their 
periodic  time.  This  is  donbUew  a  crarrect  assnmption  in  the  case  of  those  eleetre- 
magncti*-  wave-,  which  constitute  any  light  that  our  eyes  can  sec. 

On  the  other  hand,  the  proof  given  in  the  B.A.  Keport  of  1901,  which  is  based 
upon  MacCollagh's  Principle  of  Reversal,  has  two  advantages  of  much  importance 
to  physicists  :  tTiat  it  furnishes  useful  details  of  the  resolution,  and  that  it  exhibits 
the  relation  in  which  the  resolution  into  flat  wav<»lets  stands  to  neif?hbc»uring  reso- 
lutions into  nearly  flat  wavelets,  which  are  what  practically  have  to  be  dealt  with 
in  n>a>^ng  experiments.  Moreover,  the  proof  by  the  Principle  of  Reversal  has 
another  considerahle  advantage  in  that  it  is  applicable  to  doubly  refracting  metiia 
in  which  Ac,  the  speed  of  pro|>agation,  is  a  function  of  the  vector,  as  well  as  to  iso- 
tropic me^  in  which  it  is  the  same  in  all  direotioos.  It  ii  fortunate,  theiefon^ 
that  we  an  in  possession  of  both  proofih 
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fomialiing  information  about  the  state  of  polarisaUon  in  the  ease  of  Motropic 

media,  with  which  the  paper  of  which  this  is  an  abstract  more  particularly  deals. 

B^'an  undulation  is  to  be  understood  an  unintfrriipted  train  of  waves  which  anj 
all  alike— of  the  same  wave-length  intensity  and  state  of  polarisation,  and  each 
undulation  occupying  the  whole  of  space  for  all  time.  Aixmrdingly,  if  the  medium 
he  of  limited  extLiit,  we  must,  for  the  purposes  of  this  resolution,  take  into  account 
what  ■would  occur  tluouu'hout  an  exteuisum  of  the  medium.  At  the  same  time 
it  is  convenient  m  practical  problems,  and  is  legitimate,  to  consider  separately 
what  happens  within  a  prescribed  space  and  at  a  definite  ^e.  The  reecMution  of 
a  given  distribution  of  li^ht  into  iti*  component  undulations  of  flat  wavelets  \»  unique 
in  the  same  sense  in  which  reeolutions  by  Fourier's  Theorem,  or  into  Spherical 
Ilarmomcs,  are  unique. 


Dbpabimuit  IIL — AmoHOMT  and  Ooshioal  Physics. 

The  following  I'apers  and  lleports  weie  read ; — 
1.  lUustnUiont  obtained  bf/  Photograph/  o  f  the  Evdution  qf  HUllar  Syalema, 


2.  JE^MtlKMt  in  UeUwology,   By  W,  N.  Sbaw,  FJt^. 

The  purpose  of  the  paper  was  to  invite  meteorological  oheervere  to  make 
ipecial  observations  of  the  effect  of  radiation  upon  thermomoters  exposed  under 
different  meteoroloirical  conditions  as  regards  cloud.  The  author  explained  that 
the  effect  upon  a  cloud  of  gain  or  of  heat  by  radiation  was  to  lower  or  raise 
the  temperatuie  of  the  eloud  according  to  the  temperature  gradient,  and  pointed 
out  as  a  consequence  that  the  specific  heat  of  a  cloud  mifrlit  bo  ]>osirivt'  or  nej^ative, 
and  that  for  the  particuliir  case  of  adiabatic  gradimt  the  speciHc  heat  of  air  is 
negative  and  indennitely  large.  Hence  it  followed  that  the  tracing  of  changes  of 
temperature  hj  means  of  rMiation  oheenrations  might  he  of  great  aaristanee  in 
tracinfT  the  changes  in  the  thickness  of  floating  clouds. 

He  then  indicated  the  nature  of  the  observations  upon  radiation  wliich  are 
already  included  in  the  meteorological  routmo  of  a  second  order  station,  and  8ug« 
gested  the  eompariaon  of  the  black  bulb  with  the  simultaneous  reading  of  Uie 
screened  dry  bulb  in  various  condition?  of  weather,  and  mIso  pointed  out  some 
unexplained  phenomena  connected  with  radiation  wliich  arose  from  a  comparison 
of  the  roMroB  of  a  photographic  sunshine  recorder  with  those  of  a  Campbell- 
Stokei  instnunoit. 


S.  On  Me  Fi^fwn  of  the  Ewrth,   By  Major  8.  G.  Bubbapi),  R,E. 

Deflections  of  the  plumb-line  nlaced,  and  have  eonUnned  to  place,  insuperable 
obstacles  in  the  way  of  correct  determinations  of  the  figure  of  the  earth, 

puns  we  take  in  observing  for  latitude  seem  thrown  away  :  the  correctness  of  our 
vasnlt  muat  depend  on  the  direction  of  gravity,  and  at  no  place  on  the  earth  can 
the  direction  of  gravity  be  relied  upon  to  indicate  the  true  Tertical.  We  could 
measure  the  distance  from  Londonderry  to  Waterford  within  2  or  3  feet ;  we 
could  observe  their  latitudes  within  r>  or  0  feet ;  but  dcfh-ctions  of  jEiravity  at 
I^ondonderrv  and  Waterford  might,  without  being  extraordinary,  throw  us  out  by 
800  feet. 

About  1860  Russian  surveyors  made  the  discovery  at  Moscow  that  deflections 
of  the  plumb-line  existed  on  flat  unbroken  plain? ;  that  these  deflections  varied 
sixteen  seconds  in  18  miles  whore  no  mountahi  was  visible.  This  discovery 
showed  a  local  underground  rariation  in  the  density  of  the  earth's  crust.  It  had 
a  pfpftwnd  iwfiiMnce  on  all  subsequent  discussion,  and  deflectiom  of  the  plumb- 
Ihie  vran  evefywhera  now  readily  attributed  to  local  undeigroand  eanses.  But 
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the  generrtlisation  which  followed  the  >ro'*cow  diHCOverv  was  too  hastv  ;  to  the 
beat  of  my  belief,  oo  second  plain  has  be«a  discovered  where  dettectiooa  vary 
sixteen  seconds  in  18  miles.  On  the  other  htaA  we  have  diaeovered  within 
the  last  two  years  the  existence  of  an  uadeiKroond  and  iovittble  chain  of  extmne 
density  stretchinf  across  India  from  east  to  we^t  for  a  thousand  miles,  and 
which  may  possibly  be  diMturbing  the  direction  of  gravity  throughout  the  country. 
The  discovery  of  thia  underground  chain  brings  home  to  us  how  little  we  really 
know  of  mouBUin  ettnetion.  The  underground  chain  of  density  underlies  the 
Vindhyan  range  of  mountains:  whilst  then  we  havf,  in  obedienco  to  theor} ,  »  n 
endeavouring  to  prove  that  the  Ilimahaya  Mountains  overlie  great  dehuiencies 
of  mati«r,  we  have  stumbled  on  the  fact,  unforeseen  by  theorists,  that  the  Vindbya 
Mountains  overlie  great  exceeees. 

It  has  Ix'en  said  that  tho  arcs  of  India  are  Great  Britain's  largest  contribution 
to  th'-  .science  of  geodesy.  It  wiU  not  be  out  of  place  if  I  refer  to  their  critics. 
It  has  been  repeatedly  stated  that  the  presence  of  the  Himalayan  Mountains 
detracts  from  the  value  of  the  Indian  arcs.  This  statement  ongioated  in  the 
eocount  of  the  triangulation  of  Great  Britain.  The  author  of  a  popular  handbook 
describes  the  Himalayas  as  a  reproach  to  the  arcs  of  Indiu.  Now  if  mountains 
lead  us  to  anticipate  systematic  error,  do  not  oceans  do  so  also  ?  Where  then  is 
the  country,  and  where  the  arc,  where  systematic  error  is  not  to  be  utidpctedP 
A  theory  has  been  devi«ed  that  the  visible  detkipncy  of  oceans  is  compensated  by 
the  condensation  and  contraction  of  submarine  strata,  but  it  rests  on  insufficient 
data.  Every  survey  has  discovered  coast-stations  where  plumb-lines  are  deflected 
■newirds,  and  the  theorj  of  condensation  has  been  huilt  on  them.  As  an  eTamplo 
we  may  suppose  a  seaward  deflection  of  five  seconds  observed  on  the  coast  of 
Mayo,  whilst  no  deflections  are  found  in  Roscommon.  Would  this  be  evidence 
that  the  strata  underlying  the  Atlantic  are  condensed?  Would  not  a  wide  and 
distant  ocean  afl'ect  Mayo  and  Roscommon  similarly  F  If  the  Atlantic  Oceanwera 
causing  the  deflection  in  Mayo,  it  would,  1  submit,  affect  plumb-lines  in  Germany 
and  Russia.  The  systematic  error  caused  by  the  Atlantic  Ocean  cannot  be  gauged 
from  an  observation  oo  the  Irish  coaat.  Its  determination  requires  masses  of 
observations  ffMNMid  over  Europe.  Whilst  we  can  observe  at  the  foot  and  heart  of 
the  Himalayas,  no  observations  can  be  taken  over  Atlantic  depths  nor  even  on  the 
brink  of  its  submerged  cliflii.  The  real  edge  of  the  Atlantic  is  not  at  the  visible 
Irish  coast-line,  but  far  out  to  .sea.  If  we  had  never  approached  nearer  to  the 
IDmalayas  than  the  Irish  ooast-line  is  to  the  Atlantic,  we  should  have  been  unable 
even  to  discuss  the  subject  of  mountain  attraction,  and  oceanic  effecta  can  onlj 
be  (Studied  by  the  aid  of  lebMins  from  mountain.^*. 

Instead,  then,  of  reproaching  the  arcs  of  India,  wo  must  discover  the  systematic 
errors  affecting  them.  The  aim  of  our  getKlesints  must  not  be  confined  to  the 
detennination  of  an  imaginary  mean  figure  for  the  earth  ;  and  thoujrh  it  would  be 
fantast  ic  to  think  of  investigating  all  the  many  elevations  and  depressions  that  dis- 
figure the  level  surface  of  the  sea,  we  must  at  any  rate  endeavour  to  obtain  a  definite 
idea  of  the  order  of  their  magnitude,  whether  their  heights  and  depth:!,  above  and 
beldw  the  mean  surface,  are  to  be  estimated  in  f.ft  or  thousands  of  feet.  If  tliis 
endeavour  be  regarded  as  a  desirable  and  legitimate  aim,  the  scientific  Yohifi  of 
arc»  ailecttid  by  mountain  attraction  will  be  recc^nised. 


i.  Mepori  an  S^Umologieal  IiwetiijfatUmi, — See  Beporte^  p.  59. 


5.  Separt  on  th0  InvettigaUom  ^  lAe  Upper  Atmo^pken  6y  JUanf 

JTUeff.— See  Beporta,  p.  77. 


6*  Report  on  Magnetic  Observations  at  Falmouth  Qbtei^vatory, 

See  Reports,  p.  75. 
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7.  BejpoH  cn  Meteor ologieal  Ohaervaiiom  on  fien  NwU* 

Soe  Beporti,  p.  93. 


8.  Report  on  the  ComparUan  and  Reduction  of  Ma^mtic  Obeermtiona, 

See  Reporto,  p.  68. 


TUESDAY,  SEPrKMBEJt  IG. 

Drpartmbnt  X.— Pbtbics. 

The  following  Papers  were  read ; — 

1.  Animal  Thermottat,   Jiy  Lord  KsLViN. 

A  themoitat  it  an  apparatus,  or  instrument,  for  automatically  maintaining  a 
nonstant  temperiiture  in  n  space,  or  a  pisoe  of  soUd  or  fluid  matter  with  varyuig 

leiuperatures  in  the  Hurroinidinup  matter. 

Where  and  of  what  character  is  the  thermostat  by  which  the  temperature  of 
the  human  body  ia  kept  at  about  08^-4  F abrenbdt  ?    It  has  long  been  known  that 

tin?  source  of  ht  at  drawn  upon  by  tbi.n  tht  rmostat  is  the  combination  of  food  with 
oxvjfen,  when  the  8urr()uudiii<r  ti'itipcrature  is  below  that  of  the  body.  The  discovery 
worked  out  by  Lavoisier,  Lapliicc,  and  Magnus  still  holds  g(x>d,  that  the  nlace  of 
the  combination  is  chiefly  in  tissues  surrounding  minute  tubes  through  whicii  blood 
circulates  to  all  parts  of  the  body,  and  not  mainly  in  the  pbice  when*  the 
furnace  is  stoked  W  the  introduction  of  l(xul,  in  the  shape  of  chyle,  intt»  the 
circulation,  nor  iu  the  lungs  where  oxygen  is  absorbed  into  the  blood.  It  is 
poadble,  however,  that  the  controlling  mMhanism  by  wbieh  the  temperature  is 
Kept  to  98'*'4  muy  be  in  thw  central  parts,  about,  or  in,  the  pmnpinp  atation  (the 
heart) ;  but  it  ma}  seem  more  probable  that  it  is  directly  etiective  in  the  tissues  or 
small  blood-vessels  in  w  hich  the  combination  of  oxygen  with  food  tukej  place. 

But  how  does  the  thermostat  net  when  the  surrounding  temperature  is  anything 
above  0S°'4  nnd  the  atraosphnre  satnratf  d  with  moisture  so  that  perspiration  could 
not  eva]K)rate  from  the  surlace;"*  If  the  breath  goes  out  at  the  temperature  of  the 
body  and  contains  carbonic  acid,  what  becomes  of  the  lieat  uf  cunibuhtlon  of  the  ' 
carbon  thus  taken  from  the  food  ?  It  seems  as  if  a  large  surplus  of  heat  must 
>omt  how  be  carried  out  by  the  breath  :  becan^-e  heat  is  beinjr  conducted  in  from 
■without  aoro*f  the  skin  all  over  the  body  ;  and  the  food  and  drink  we  may  suppose 
to  be  at  the  surrounding  temperature  when  taken  into  the  body. 

Mueh  ia  wanted  in  the  way  of  experiment  and  obsenation  to  test  the 
temperature  of  healthy  persons  livin^^  in  a  tlioroup-hly  moist  atmosphere  at 
temperatures  considerably  nl>ove  4 ;  and  to  hnd  how  niucli,  if  at  all,  it  is 
above  98°*4.  Kxperiments  might  also,  safely  I  believe,  be  tried  on  healthy 
persons  by  keeping  them  for  considerable  times  in  baths  at  106^  Fahr.  with 
surroundinfj  ntmo?phere  at  the  same  tempcrnture  and  thoroughly  snturattMl  witli 
vapour  of  water.  The  temj>erature  of  the  mouth  (a.s  ordinarily  tak'LMi  in  medical 
practice)  should  be  tested  every  two  minutes  or  so.  The  tem|)eraturu  and  quantity 
and  moisture  and  carbonic  ada  of  the  breath  should  also  be  measured  as  accurately 
••possible. 

P.S.,  December  V.)0'2. — Since  the  communication  of  thi-f  note  my  attention 
has  been  called  to  a  most  interesting  paper  by  Dr.  Adair  Crawford  in  the  '  Philo* 
sopbical  TraasaetioiiB'  for  1871  (Huttoo's  Abrid^ents,  vol.  xr.  p.  147),  Bxperi» 

mentit  on  the  Pmcer  thdf  Animals,  ^r/irn  placed  in  certain  ci'mvnsfnywrif,  })ox.'<e»x 
of  producing  Coid.  Dr.  Crawford's  title  expresses  perfectly  the  question  to  which 
I  desired  to  call  the  attention  of  the  British  Association  \  and|  as  contribution* 
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towtfda  answering  it,  he  describes  some  very  import&ut  discoveries  by  experiment 
in  tiie  following  passage,  which  I  quote  from  hia  paper. 

'The  following  experiments  were  made  with  a  view  to  determine  with  ^^re&ter 
certainty  the  eauaea  of  the  refrigeration  in  the  above  ioataneea.*  To  dMcover 
whether  the  eold  produced  by  a  living  animal  placed  in  air  hotter  lliaii  ita  ho^ 
be  not  greater  than  what  would  bp  projiu  ed  by  an  equal  mass  of  inanimate  matter. 
Dr.  Crawford  took  a  living  and  a  dead  I'rug,  equally  moist,  and  of  nearly  the  same 
bulk,  the  former  of  wUeh  waa  at  07*^,  the  lattar  at  68*,  tod  laid  them  on  llaiuiel  la 
air  which  had  been  niaed  to  106*.  In  the  eourae  of  twenty»five  minntea  the  tndar 
of  hewing  waa  aa  annexed.* 


Min. 

Air 

Dead  Frog 

Living  Frof 

o 

e 

o 

Ih  1 

70^ 

67| 
68 

2 

102 

73 

100 

m 

100 

lO 

70 

o2« 

95 

!  81i 

*  The  thermometer  being  introduced  into  the  stomach,  the  internal  heat  of  the 
animals  waa  found  to  be  the  aanie  with  that  at  the  enifboe.  Henee  it  i^peara 
that  the  living  frog  aoqnired  heat  more  alowly  than  the  dead  one.  Ita  vital  poweca 
niust  thorefore  have  been  active  in  the  generation  of  cold. 

<  To  determine  whether  the  cold  produced  in  this  instance  depended  solely  on 
the  evaporation  from  the  aurfkoe,  inereaaed  hj  the  energy  of  the  vital  principle,  a 
living  and  dead  frog  were  taken  at  75°,  and  wera  immflned  in  water  at  96^,  the 
living  frog  being  placed  in  aueh  n  aituation  aa  not  to  intemtpt  reaplration.' 


Min. 


•*  * 
«  3 
*.« 

..  « 
«  8 


Dead  Frog 


Itivifig  Frog 


o 

81 
86 
87 
89 


'  Theee  experiments  prove  that  living  froga  have  the  Ihculty  of  reiiating  hent, 

or  producing  cold,  when  immersed  in  warm  water;  and  the  expeiimanta  of  Dr. 

Fi^rdvce  prove  that  the  human  bodv  has  the  same  power  in  a  moist  as  well  as  in 
a  dr}-  air ;  it  is  therefore  highly  proWble  that  this  power  does  not  depend  tM)le]y  on 
evaporation. 

'  It  mav  not  be  improper  here  to  observe  that  healthy  frogs  in  an  atmosphere 
above  7(f  keep  themselves  at  a  lower  temperature  than  the  external  air,  but  are 
warmer  internally  than  at  the  surface  of  tiieir  bodi*^ ;  for  when  the  air  was  l?""  a 
frog  waa  found  to  he  68*,  the  thermometer  being  placed  in  contact  with  the  akin ; 
httt  when  the  thnnnometar  waa  intiodueed  into  ttie  atomaoh,  it  nae  to  70|*.  It  may 


'  Observations  by  Governor  KlHs  in  1758  ;  toachin^rs  of  Dr.  CuUen  prior  to  1766  ; 
yexy  daring  and  important  cxporioients  by  Dr.  Fordyce  on  himself  in  heated  rooms, 
oommnnicated  to  tne  Royal  Society  of  London  in  1774. 

s  In  tlic  two  following  rTcyveriraents  the  thermometem  weiepiaQedinoontnotwith 
the  skin  of  the  animals  under  the  axiUse.— Obio. 

>  In  the  above  eipeiiment  the  water,  by  the  oold  frnga  and  by  the  agitation 
wfal6h  it  anilerad  daring  their  inunenrion,  waa  lednoed  nemly  to  61|^— Obio» 
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alflo  be  proper  to  mMitioii  that  aa  animtl  of  the  MHBe  apeeips  placed  in  water  at  61^ 
was  found  to  be  nearly  61     at  the  surlkce,  and  internally  it  was  66^^  These 

obaervations  are  meant  to  extend  only  to  frogH  living  in  air  or  water  at  the  common 
t^mperrif  nre  of  the  atrao;<]*hei>'  iti  .summer.  They  do  not  hold  with  re«pect  to 
tlioM*  animuls  when  plunged  suddenly  into  a  warm  mL'dium,  aa  in  the  preceding 
cvperimentd. 

*  To  determine  whether  animals  also  have  the  power  of  prodncing  cold  when 
snmNinded  with  water  above  the  standard  of  their  natural  heat,  a  dog  at  102^ 
was  immersed  in  water  at  114°,  the  thermometer  being  closely  applied  to  the  skin 
under  the  axilla,  and  so  much  of  his  head  being  uncovered  at  to  allow  him  a  fret) 
re.spiration. 

o  o 

In  5  minntes  the  dog  was  ion,  water  112 

„  6  n         u  109,    „  112 

^11         „         ^         lOd,   „     1 1 2,  the  respiration  having  become  very  rapid. 
^13        „        ^        108,  „     112,  the  xesplralion  being  still  more  rapid. 
,30        „        M        109»  ft     113,  the  animal  then  in  a  very  languid  state. 

<  Small  quantities  of  blood  bein^  drawn  from  the  femoial  artery,  and  from  a 
eoDtignons  vein,  the  temperature  did  not  seem  to  be  much  increased  above  the 
natural  standard,  and  the  sensible  heat  of  the  former  appeared  to  be  nearly  the 

tame  with  that  of  the  latter. 

'  In  this  experiment  a  remarkable  change  was  produced  in  the  appearance  of 
the  venous  blood  ;  for  it  it  well  known  that  in  the  natural  state  the  colour  of  the 
venous  blood  is  a  dark  red,  that  of  the  arterial  being  light  and  florid ;  but  after 
tlu'  animal,  in  the  aqteriment  in  question,  had  been  immersed  in  warm  water  for 
half  an  hour  the  venous  blood  assumed  very  nearly  the  hue  of  the  arterial,  and 
resembled  it  so  much  in  appearance  that  it  wa><  dillicult  to  di.*tin*ruish  between 
them.  It  is  proper  to  observe  that  the  animal  which  was  the  subject  of  this  ex- 
periment had  been  preTioushr  weakened  by  losing  a  considerable  quantity  of  blood 
a  few  days  before.  When  the  experiment  was  i  "j^eated  with  dogs  which  had  not 
sulTered  a  similar  evacuation  the  chanfr*'  in  tlu'  colour  of  the  venous  blood  was 
more  gradual  ;  but  in  every  inf<tancf  iu  which  the  trial  was  made,  and  it  was  re- 
peat^'d  six  tioies,  the  alteration  was  so  remarkable  that  the  blood  which  wa^i  taken 
m  the  warm  bath  could  readily  be  distinguished  from  that  which  had  been  taken 
from  the  same  Tcin  before  immersion  those  who  were  unacquainted  with  the 
motives  or  dicninstances  of  the  experiment. 

*  To  discover  w  hether  a  similar  change  would  be  produced  in  the  colour  of  the 
\vnous  blood  in  hot  air,  a  dog  at  102^  was  placed  in  air  at  184*'.  In  ten  minutes 
ihe  temperature  of  the  dog  was  104^%  that  of  the  uir  being  V30\  In  fifteen  minutes 
the  dog  was  106^,  the  air  ISO^.  A  small  quantity  of  bl^>d  was  dien  taken  from 
the  jugular  vein,  the  colour  of  whicliwas  sensibly  altered,  being  much  lighter  than 
in  the  natural  state.  Tlif  effect  produced  by  cxtcniHl  heat  on  the  colour  of  the 
venous  blood  seems  to  contirm  the  follnwin^;  opinion  which  was  first  suggested  by 
my  worthy  and  iu^nious  friend,  Mr.  W  ilson,  of  Cilusu;ow.  Admitting  that  the 
sensible  heat  of  ftwwHtla  depeBds  on  the  separation  of  absolute  beat  from  the  blood 
by  means  of  its  union  with  the  phlogistic  principle  in  the  minute  vessels,  may 
there  not  be  a  certain  temperature  at  which  that  fluid  is  no  longer  capable  of 
(orabininp:  with  phlogiston,  and  at  which  it  niujit  of  course  cease  to  give  oft  lieat  ? 
it  wjis  partly  with  a  view  tu  investigate  the  truth  of  this  opinion  that  Dr.  Craw- 
ford was  led  to  make  the  ex])eriments  recited  above.' 

These  views  of  Dr.  Crawford  and  'his  worthy  and  inf,n'nious  friend,  Mr.  Wilson,* 
of  Glasgow,'  express,  about  as  well  as  it  was  possible  to  express  before  the  chemical 
diacoveries  of  carbonic  acid  and  oxygen,  the  now  well-known  truth  that  0Z3rgen 
rarried  along,  but  not  chemically  combined,  with  food  in  the  arteries,  com- 
bines with  the  carried  food  in  the  capillaries  or  surrounding  tissues  in  the  outlymg 

'  Who,,  no  doubt,  was  Dr.  Alex.  Wilson,  first  professor  of  astronomy  in  the 
i  nirersity  of  Glasgow  (1760-1784);  best  known  now  for  his  ingenious  views 
regarding  sonspots. 
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ropions,  nnd  yields  carhnnir  ac'kI  to  tlie  rPtiiminp-  rerjotis  blond  :  thi-;  carlx>nic  arid 
giving  the  venouB  blood  iu  darker  colouri  aiul  being  ultimately  rejected  from  the 
blood  and  ftom  the  body  through  the  lantr*,  ano  carried  away  in  the  breath. 
Crawford*a  veiy  hnportant  discoverv*  that  tlie  venous  blood  of  a  dor  whieh  bad 
h>-im  f'T  somn  tinit'  in  ii  hot-water  bath  at  112°  I'ahr.  was  al(iio»t  undi<- 

tiii^ui^bable  from  its  arterial  blood,  proves  that  it  contained  much  less  than  th** 
normal  amount  of  carbonic  aetd,  and  that  it  may  even  have  contained  no  carbiinie 
acid  at  all.  Chemical  analy^^is  of  t)u>  breath  in  the  circurastancea  wonid  be  most 
inter 'Sting ;  and  \t  is  to  hoped  that  this  chemical  t'xperiment  will  be  tricKl 
on  men.  It  seems  indeed,  with  our  present  want  of  experimental  know- 
ledge of  animal  tbermodynamicn,  and  with  Bvch  knowledge  as  we  have  of 
physical  thermodynamics,  that  the  breath  of  an  animal  kept  for  a  conniderable 
time  in  n  hot-water  hath  nljo\  e  the  nufnrftl  temperature  of  its  body  may  be  founrl 
to  contain  no  carbonic  acid  at  all.  But  even  this  would  not  explain  the  generation 
of  cold  which  Dr.  Crawford  so  clearly  and  perUnacjously  pointed  out.  Ver>  cari»» 
fol  experimenting  ought  to  be  performed  to  aaoertaui  whether  or  not  there  is 
a  surplus  of  oxpy>'n  in  the  breath;  nmre  oxy^ren  breathed  out  than  taken  in.  If 
thin  is  found  to  be  the  case,  the  animal  cold  would  be  explained  by  deoxidation 
(unbuniiug)  of  matter  within  the  hody.  If  thia  matter  it  wholly  or  partly  water, 
free  hydrogen  might  be  found  in  the  breath  ;  or  the  hydrogen  of  water  left  by  oxygen 
might  be  disposed  of  in  the  body,  in  less  highly  oxyjrenated  compounds  than  those 
evistinn-  when  animal  heat  is  wanted  for  keeping  up  the  temperature  of  the  body«or 
when  tiie  body  is  dynamically  doing  work. 


2.  On  the  AppLicaUon  of  tlie  Method  of  Entropy  to  Radiani  Ewsrgy^ 

Ihj  J.  Lakmou,  Ser.R.S. 

The  entropy  of  a  mnterinl  system  has  been  defined  by  Boltzmann  as  the 
logarithm  of  the  probability  of  its  molecular  con tiguration  ;  and  this  defiuitiou  baa 
recently  been  applied  by  Planck  to  the  radiation  in  an  endoenre,  thereby 
obtaining  a  law  for  the  constitution  of  natural  radiation  at  a  given  temperature, 
which  is  in  close  accord  with  the  faets.  His  argument  involves  simple  vibrators 
in  the  region,  and  it  is  their  fortuitous;  arrangement  that  enters.  It  was  explained 
that  various  difficulties  attending  this  procedure  are  evaded,  and  the  same  r«enlt 
attained,  by  discaiding  the  vibrators  and  considering  the  random  distribution  of 
the  p'^rmanent  element  of  the  radiation  itself,  among  the  ditl'erential  elements  of 
volume  of  the  enclosurCi  somewhat  on  the  aiuilogy  of  the  Newtonian  corpuscular 
theory  of  optics.*   

3.  On  the  Maiion  qf  VoUaie  Potential  Differeneee  to  Temperaiwre, 

By  J.  Labmor,  8ee.E»S, 

It  was  shown,  by  means  of  Camot^s  principle,  that  if  material  snhstancea  have 
no  special  affinity  for  electricity,  voltaic  potential  differences  should  be  propor- 
tional to  the  absolute  temperature.  The  experiments  of  Majornna  with  liquid  air 
n<>  a  cooling  atreut  show  that  they  actually  fall  at  a  more  rapid  rate  than  thia  law 
would  give,  from  which  it  ia  inferred  that  impaitinir  an  eleetrie  eharge  to  a  metal 
involves  alMorption  of  heat  owing  to  direct  amnity  oetween  its  moleenles  and  the 
ehaige*   

4.  Doee  Motion  throvgh  the  Ethfr  ransp  Double  JRe/raction? 
By  Lord  Rayleigh,  F.R.H, 


5.  Report  on  JBleetrical  Standards, — See  Beporti,  p.  53. 
I  Cf.  Miit,  Ame,  Itfport,  1900* 
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6.  Mcufmtie  DeleetorB  in  S^MCf  Tdegraphy,^ 
By  Professor  Ernbst  Wilsov. 

TliLs  is  a  subject  which  has  Attracted  coii8ider«ible  Attention  since  Mr.  Marconi 
baa  found  that  as  a  •ubstifute  for  the  coherer  mastic  detectors  give  very  oon- 

elstent  results  over  lonjr  distftnceH.  Uutherford  was  probably  the  first  to  make  a 
scientific  invest ipation  into  tlie  elfect  which  hijjh  frequency  electric  current**  have 
upon  the  ma^^netisin  uf  a  bundle  of  wires  previoui«ly  magnetised.  The  author  of 
the  paper  also  made  experimentii  with  magiietic  deteotom  in  1807.  One  form  of 
hi.-*  detector  consists  of  a  ring  of  fine  iron  wires  the  magm'tism  of  whirh  can  be 
continuously  reversetl  by  a  local  battery.  A  telephone  connected  to  a  coil  wound 
on  the  ring  is  used  to  receive  the  minute  tram>ient  electric  currents  protUieed  when 
another  coil  on  the  ring  receives  the  electrfe  impulses  from  a  distant  transmitter. 
Usiri^  strnij^ht  iron  wires  on  which  the  coils  are  wound  the  author  finds  tliat  the 
etlwU  are  increased  by  submitting  the  specimen  to  pull  and  twist  stresJ*,  and  al***! 
by  heating  it  to  a  temperature  a  little  below  that  at  which  iron  ceases  to  b.!  a 
magnetisable  sabstance. 


7.  A  Xcuy  Heceivfir  for  I/ertzian  OacUlaiiona, 
Jiy  trofe-ssor  G.  M.  MiNCiiiN,  F.B.S, 

About  three  years  affo  I  constructed  a  receiver  ('  coherer')  for  electromagnet *c 
oeciliations,  in  which  the  eil'ective  bodies  are  carbon  and  aluminium.  Tho  descrip- 
tioo  is  ae  follows:— G  is  a  cylinder  of  electric-light  carbon  about  I  iush  in  dia- 
meter, and  about  the  same  length,  terminating  in  two  ^pi  miles; 
AAA  in  an  aluminium  wire,  about  inch  in  diameter,  henr 
round  At  Its  ends  into  two  cii-eular  arcs  into  which  the  narrow 
spindlei  of  the  carbon  cylinder  fit  somewhat  looeely.  Tlie 
cylinder  C  is  attin  IiL-d  to  a  platinum  wire  p.  and  tlie  alumi- 
nium win-  to  a  platinum  wire  P.  The  system  ;>f  'A.\A  is 
inserted  into  a  ^lass  tube  containing  mercury  at  it^  closed 
end,  and  into  this  mercuiy  the  wire  p  dips.  The  wire  P 
pat>aes  through  a  narrow  neck  at  the  other  end  of  the  tube. 
The  mercury  is  boiled  so  ns  to  expel  the  air  from  the  tube, 
and  when  the  air  is  expelled  the  narrow  neck  Is  closed  and 
P  asaled  into  the  tube.  Another  platinum  wire  Q  waa 
initially  sealed  into  the  lower  end,  so  as  to  make  contact  with 
the  mercury. 

Thus  the  system  of  carbon  cvlinder  and  aluminioum  wii-e 
is  now  sealed  into  and  suspended  inside  a  glass  tube  contain- 
ing mercnrv  and  its  vapour. 

Tried  in  the  laboratory  with  the  oscillations  produced  by 
an  electrical  gas  lighter,  this  proved  to  be  a  very  &eu^ilive 
receiver. 

It  was  simply  placed  as  a  resistance  in  the  circuit  of  a 
Weak  dry  cell  and  a  telephone,  and  the  oscillations  of  the|^ 
lighter  oilected  it  at  the  distance  of  about  :iO  or  40  feet. 

No  tapper  is  nectfcsary  to  break  the  coherence. 

When  I  made  this  receiver  and  wished  to  try  it  over  long 
distances  my  in'lnrtifni  coil  most  unfortunatMly  broke  down: 
and,  for  one  retuKiu  ur  another,  I  waa  uuubie  to  try  it  until 
the  h^i^ning  of  August  1003. 

The  oscillator  consisted  of  a  rectangular  sheet  of  zinc,  about  3  feet  by  6  feet, 
elevated  to  the  top  of  ji  metnUi!'  ti'le^rrnph  post  about  'Jo  tV-et  bip-h.  The  receiving 
surface  was  a  sheet  ot  eopper,  of  abtmt  ualf  the  area  of  the  zmc,  attached  to  a 
wooden  pole  aboift  13  feet  high  at  a  distance  of  about  OOO  yaids  Irom  the  oscillator, 
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the  interveuiug  space  beiug  occupi^  by  trees  and  billy  grouud,  io  that  the 
recdver  was  acf<eeiMd  by  thii  ground  from  the  oscillator. 

When  a  tt'lophono  wfts  placed  in  the  receiviii;^''  circuit  tlit-  separate  dots  and 
dashes  sent  from  the  oscillfttor  were  distinctly  heard  without  aoy  failure  or  inter- 
mission. 

The  addition  of  a  fitldnp^rod  12  feat  lon^,  through  the  ringa  of  wfaieh  waa 

passed  a  stout  iron  wire,  to  tlip  top  of  the  receiving  ccpper  surface,  80  as  to  increa5t» 
the  virtual  height  of  this  surface,  made  n  marked  iniprovcnient  in  loudnes«.  the 
various  dots  and  dashes  being  now  beard  withuut  putting  the  telephone  to  the  ear. 
The  decoberenee  was  perfectly  good  Ibr  the  telephone,  but  when  the  teledbone 
wfiA  r<  placed  b\  a  relay  ther(>  waa  not  sufficient  automatie  decoherenoe ;  a  alight 
tap  was  generally  necessary. 

1  have  always  used  telephones  as  the  indicators  of  oecillationg,  and  employed 
three  or  fonr  coherers  in  parallel  in  the  telephonie  ciretdt. 

AVith  the  exception  of  the  coherer  just  described,  I  have  never  hit  upon  one 
which  automatically  and  8atis.fnr*nrily  decoherctl,  and  I  do  not  know  if  any  ooherer 
hitherto  discovered  decoheres  automatically  with  a  relay. 

The  moat  sefere  teat  of  any  coherer  ocenra  when  the  ooherer  ia  employed  doae 
to  the  oscillator  tliat  is,  in  the  laboratory — and  it  appears  to  me  that  the  ibove 
coherer  stands  this  test  remarkably  well  when  used  with  a  telephone. 


8»  A  Graphical  MMhod  of  Determininrf  tJiP.  Discharge  Curvf^  of  a  CoyidcfUer 
through  a  variahh'  Self-induction,    By  E.  W.  Marchant,  D,ii€, 

The  method  employed  is  an  extension  of  that  described  by  l>r.  Sumpner  in 
a  pap«'r  to  tli*>  '  Phil.  Mn^.'  in  16U7  for  deterniining  the  rise  in  the  c\irrcnt  thnnipb 
a  coil  ol'  variable  self-induction.    The  nietlioil  consists  in  graphically  determining 

successive  values  of      the  rate  of  change  of  current  for  the  discharge. 

where  i**  current  in  amperes. 
'   J  itlf  ^  Ko  C  =  capacity  of  condenser  in  farads. 

di    ~      CK    11  R«s  resistance  of  circuit  in  ohms. 

T     J  L    self-induction  of  circuit  in  henrya. 

W*"  T?  ^*  IJj^-initial  P.L);  to  which  thecondenser 

K    1<  (it  ^.gg  charged. 

The  method  was  first  tested  for  the  case  in  which  the  self-induction  ia  con- 

stantythe  time  interval  between  auoeeiaive  determinations  of  the  Talue  of  ~  being 

so  chosen  that  J^f^  is  a  simple  number  K,  so  that  the  quantity  /-'^^  =        for  the 

time  <//and  can  be  represented  a.«a  fraction  of  j'.  I'lottinpin  this  way  it  was  f  tuiid 
that  the  ]M'ri(>'lic  lime  for  an  oscillatory  dischartre  was  obtaii\ed  accurately  to  within 
1  per  cent.,  uud  that  the  ma.xitnum  value  of  the  current  wa^*  duteriuined  accurately 
to  within  2  per  cent.   For  a  discharge  through  a  circuit  of  larfrer  resistance  it  was 

found  that  the  period  of  o>J(  illat  it)n  was  again  accurate  to  within  1  per  Ct  nt.,  and 
that  thf  dampin;,'-  dVect,  due  to  the  resistnnco  and  the  displacement  of  tlie  time 
of  uia.xiuiuiii  current  fnuu  an  iiL'Jtant  midway  between  two  zero  values,  was  well 
ahown. 

'J  he  method  was  tlien  applied  to  the  dt  !>  nniuation  of  the  discharge  curve 
through  a  coil  havinjj  a  soft  iron  coi-e,  and  with  which  a  number  of  experiments 
had  been  made.  Three  curves  were  shown  for  t  je  same  circuit,  in  whiclx  the 
'voltages  applied  to  the  condenser  were  respectively  9,400  (2*6  mm.  mtak)  d,S60, 
and  4oO.  in  the  fir.«t  two  cas.-s  the  riirrent  wave  after  clinging  to  tlie  zero  line 
become*  approximately  siniis')i<l;il,  while  in  the  third  the  curve  is  slmrply  peaked. 
The  periodic  times  given  by  these  determinations  were  shown  to  be  in  approximate 
agreement  with  those  found  experimentally.  The  phenomena  doe  to  bysterseia 
the  iron  core  vreie  also  shown  in  the  third  curve. 
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9,  On  LumiiwsU)/  and  the  Kinetic  Theory.    By  J.  J^utlK.r  Buukk,  M.A. 

The  object  of  this  panrr  is  to  sliow  that  the  phoiioineiia  of  luminosity  are 
accoiupanied  by,  or  depuDuent  upon,  the  format iou  of  large  moU'Cular  aggregates 
which  act  as  centres  of  intense  molecular  force^  And  that  the  himtno.Hity  results 
from  tlip  boiubardiiiciit  of  these  by  the  free  rorjuisrh's  in  the  lumiiums  bodVf 
which  in  virtue  of  th>'  ]to\verful  centres  of  f  iri'u  acquire  a  great  vi  locily  under 
their  attraction,  produt  ing  cullisioiitf  of  considerable  violence  with  theui.  In  the 
case  of  phosphorescent  bwUes  the  time  during  which  these  aggregates  oontinne  to 
exist  is  very  much  longer  thnn  in  ordinarj  non-phosphorasoent  auhatances  when 
they  are  broken  up  almost  instantaneously. 

The  efi'ect  of  molecular  forces  in  the  phenomena  of  phosphorescence  is  doubtless 
one  of  great  importancoi  as  a^da  are  ntr  more  phosphorescent  than  liquids,  and 
these  far  more  so  tlum  gases,  iu  which  the  phencxmena  of  pboqphoresottioe  ia  of 
yery  rare  occurrence. 

There  is  conclusive  evidence  that  separate  molecules  exist  during  the  process 
of  the  change  of  refrangihility  of  light.  This  can  be  shown  by  Stokes*  metood  of 
crossed  prisms,  by  which  m»  aii.s  it  is  found  that  the  period  of  the  ])hi>-<|  horo^cent 
light  is  entirely  independent  of  that  of  tlie  exciting  light ;  the  exciting  rays  may  bo 
very  high  up  iu  the  ultra-violet,  and  yet  the  spectrum  of  the  phosphorescent  light 
ia  the  same  as  if  the  exciting  light  were  in  the  blue  or  violet.  This  ia  a  moat 
remarkable  fact,  and  proves  that  the  luminous  vibrations  are  not  forced.  Again, 
from  the  change  of  absorption  during  phosphor«\«cence  '  it  can  be  th  duced  that  the 
luminosity  ia  due  to  the  formation,  for  the  time  being,  of  new  j^erioda  under  the 
influence  of  the  exciting  light  either  by  diasociation  or  by  association. 

An  explanation  is  giveu,  based  on  this  theory  of  lar^re  aggregates,  of  the 
Xewall  pressure  glow,  and  of  the  discharge  of  negative  electrification  by  phospho* 
rescent  bodies.  • 

The  existence  of  separate  phoephoresoent  molecolea  ia  shown  by  the  fact  that 
thf>  afti  r-plow  in  ii  gas  can  be  greatly  increased  in  brilliancy  and  duration  by 
letting  the  ])ho8phorescent  gas  diffuse  through  narrow  metal  tubing  from  the  bulb 
in  wliicb  the  discharge  is  produced  iuto  another  similar  bulb. 

The  phosphoceeoent  molecules  therefore  do  not  appear  to  carry  a  free  chargii 
of  electricity,  yet  the  glowing  molecules  produce  ionisation  in  the  gas.^ 

Tlie  existence  of  separate  molecules  of  an  ephemeral  nature  during  Inminosity, 
to  which  it  is  due,  shows  that  the  free  periods  iu  a  luminous  gas  need  not  be  the 
aame  as  those  in  a  non-luminoas  one,  and  therefore  that  the  ratio  of  the  specific 
heats  as  determined  for  a  non-luminous  gaa  does  not  give  the  nuiiib>  r  of  degrees  of 
freedom  when  the  systems  of  molecular  aggregates  ]icr»'"m  con^idere*l  ••xist,  <luring 
which  brief  interval  oi'  time  tlie  physical  and  chemical  pro^rties  of  the  substance 
should  be  altered. 

The  ratio  of  the  specific  heats  for  a  gas  in  this  state  of  m  tb  i  ular  aggregation 
will  be  quite  different  from  that  of  the  gas  in  its  ordinary  state.  The  state  of 
molecular  condensation  may  be  brought  about  by  the  action  of  ultra-violet  light 
bj  the  passage  of  an  eleotiic  discharge  through  the  gas,  or  by  molecular  inter* 
actiona,  giving  riae  to  chemical  actions.  > 


10.  The  Physical  Aspects  of  a  TJieory  of  Colour  Vision, 
By  P.  W.  Edbidob-Grbbn,  M.D.,  F.R.C.S. 

The  view  which  I  wish  to  bring  forward  is  that  each  optic  nerve  fibre  is  able 
to  convey  impulsea  corresponding  to  all  kinds  of  light— that  ia  to  say,  a  very 
similar  condition  exista  in  the  impulses  which  are  transmitted  along' the  optic 
nerve  to  that  which  is  accepted  for  waves  of  light  previous  to  their  entering  the 
eye.  The  limitatiou  of  the  number  of  colour-sensations  was  thought  to  be 
neceesary  becauae  it  seemed  physically  impossible  that  a  smgle  fibre  of  the  optie 

*  See  liurJce,  Phil.  Tram.t  vol.  cxci.  (A). 

•  Bnrke,  PhiL  Stag.,  Maiob  aad  AprU  1001. 
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iMTVt  GOuUt  C0OT6J  all  wAves  of  light  The  fiiets  of  colour  xmon  c«n  onlj  be 
eatiefiMStoiilj  expUdaed  on  the  tammption  that  each  optic  nerve  fibre  doe^  convey 
Impuljtes  corresponding  to  all  wav»*8  nf  light.  It  occurred  to  nw  thnt  if  th»»rp 
were  a  transfonninff  apparatus  id  the  eye  we  could  explain  the  facttt.  The  tele- 
phone iboww  Imiw  thie  may  be  eocompUibod  In  the  case  of  soatid.  I  saw  that  the 
retina  waa  constructed  in  a  manner  theoretically  perfect  from  this  point  of  view. 
The  percipient  Ibvt  of  the  retina  is  made  up  of  two  kinds  of  elements,  the  rr>ds 
and  the  cones.  The  portion  of  the  retina  curre^tpondiug  to  the  central  portion  of 
the  fidd  of  TiBion  eoDtaine  only  cones.  External  to  thia  spot  the  cooas  are 
anraoged  with  one  or  mora  rings  of  rods  round  them,  tho  single  ring  being  ronnd 
those  cone's  which  are  nearest  to  thf  central  portion  In  the  rods  there  is  a  rose- 
coloured  subtitance,  the  visual  purple,  which  is  very  seiisitive  to  light.  This  photo- 
dwDlwl  aabitanoe  ta  found  exdueiTely  in  the  rods.  I  asaumed  that  light  falling 
upon  the  eje  liberated  the  visua!  purple  from  the  rods,  just  a/;  heat  would  an 
ointment,  and  a  photograph  is  formed.  Thf  dooomposition  of  tli«*  visual  purple 
by  light  chemically  stimulates  the  ends  of  the  cones,  and  a  visual  impulsi:  is  set 
up  which  is  conveyed  tbroufh  the  optic nerva  fibres  to  the  brain.  I  have  examined 
the  retinas  of  several  momceys  after  they  had  been  kept  in  a  dark  room,  and 
found  that  the  visual  purple  was  to  be  seen  in  the  yellow  spot,  but  eituattd 
between,  nud  not  in,  the  cones.  This  view  gives  a  reason  for  a  great  maity  iaci^ 
whidi  were  prei^ously  inezpllcaUa.  For  instaiifie,  a  bright  light  may  fall  npoa 
tha  fovea  (the  centre  of  the  yellow  spot)  without  producing  any  sensation,  and  a 
j>erceptible  interval  elapses  l^fore  we  nv,'  able  to  see  with  tlie  yellow  spot,  after 
the  remainder  of  the  retina,  the  fovea  t>eing  the  last  point  to  ctmvey  a  sensation 
of  light.  The  first  fact  we  should  expecr,  the  cones  being  insenntiveto  light ; 
the  second  corresponds  to  the  difiusion  into  the  >ellow  spot  of  the  visual  purple. 
All  the  facts  of  colour  mixing,  (•ontrfi''t.  und  nffer-ima,7«'«  rnn  explaiiu'd  \<y  tho 
hypothesis  that  the  visual  purple  is  the  visual  substance.  A  poi<itive  rose-coloured 
anar-inage  can  be  ohfadnea  after  white  l^ht  or  any  speetml  oolour.  The  ordinary 
explanation  of  this— namely,  that  the  action  of  the  hypothetical  red  and  violet 
fibres  persists  lonp  r  than  tbo^e  for  green— cannot  bo  true,  because  it  is  exceedingly 
ditficult  to  obtain  this  al'ter-image  after  spectral  red,  and  very  easy  to  see  it  after 
green.  It  would  be  against  the  whole  principle  of  tlio  theory  that  the  red  fibrea 
diould  be  excited  most  efficiently  by  green.  But  if  we  assume  that  the  Tiaual 
purple  if  the  visual  substance,  then  we  have  an  easy  erplnnation  of  the  fact?. 

The  fibres  of  the  optic  nerve  pass  to  the  visual  centre.  1  have  assumed  that 
the  Tisual  eentre  transmits  to  the  mind  impressions  of  white  li(rht,  and  that  by  it 
objects  are  seen  monochronmtically,  as  in  a  ])hotogrnph.  The  visual  cent  re  is, 
therefort\  acted  upon  by  impulses  caused  by  all  rays  of  lijrht,  tho  rn!(Mir-]>erct  iving 
centre  being  concerned  with  the  quality  of  the  impulse  within  the  power  of 
perceiving  difier^nces  possessed  by  that  centre,  or  portions  of  that  centre. 

X  will  now  apply  this  theory  to  colour-blindness,  and  it  will  be  seen  that  it 
gives  a  simple  explanation  of  the  facts. 

Cases  of  colour-blindness  may  be  divided  into  two  classes,  which  are  quite 
separate  and  distinct  from  each  other,  diough  both  may  be  present  in  the  same 
person.  In  the  fir^t  class  there  is  light  aa  wdl  aa  colour  loss.  In  the  second 
class  the  perception  of  light  is  the  same  as  the  normal  sighted  but  thore  is  a 
defect  in  the  perception  of  colour.  In  th«4  first  class  certain  rays  are  either  not 
perceived  at  all  or  very  imperfectly.  Both  these  clssses  are  represented  by 
analogous  conditions  in  tho  perception  of  sounds.  The  first  claas  of  tho  eolonr- 
blind  is  represented  by  those  who  nro  nnnble  to  hear  very  high  or  very  low  notes. 
The  second  class  of  the  colour-blind  is  represented  by  those  who  possess  what  is 
commonly  called  a  defective  musical  ear.  Colour-blind  individuals  belonging  to 
this  class  can  be  arranged  in  a  series.  At  one  eod  of  this  series  are  the  normal 
.^^ighted,  niul  nt  tlu^  other  the  totally  cnlonr-V)lind  The  colours  appear  at  the 
]K)ints  of  greatest  difference,  and  I  have  ctnssiHed  the  colour-blind  in  accordance 
with  the  number  of  coloun  which  they  see  in  the  spectrum.  If  the  normal 
sighted  be  designated  hexachromiC|  those  who  see  five  coloun  may  ba  called 
peataohromio  {  those  who  aae  ioar,  tetraehzomic ;  thoio  who  aea  three^  tiichiomie ; 
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tlio»e  who  MO  twOf  ilichromic;  and  the  totally  colour-blind,  monocbromic. 
Tfu-re  are  ninny  degrees  included  in  the  dichromic  cla«8.  Tbero  may  or  may  not 
be  Ji  ueulrjil  band,  and  this  ia  wideHt  in  tbo.se  ca^es  npproacbing'  most  nearly  to 
total  colour- bliuduei»«.  1  bavu  recorded  u  ca^e  ol'  a  ^Htieut  wbo  was  colour-blind 
with  ooe  eye.  It  is  an  iatemttin^  fact  tbat  for  form  vition  the  colour-blind  eye  was 
moch  the  bett«r  of  the  two,  and  be  could  reco^nit<e  fine  lines  iu  tbe  spectrum  with 
this  eye  wbscb  were  not  \i.sible  to  tbe  other,  lie  mw  the  t\v(»  end.s  ol'  the  f»pec- 
irum  lin;jed  with  colour  and  the  leuiainder  i-'rey.  itwili  be  notic»'d  thai  his  colour 
M;DaiilioDtt  were  limited  to  the  extreme  red  and  tbe  e.xtreiue  violet — namely,  those 
ooloura  which  prMent  the  greatest  physical  contrast  to  each  other.  Neither  the 
red  nor  tli«>  violet  appeared  of  the  nature  of  a  primary  colour,  but  gave  the 
impreasioD  that  they  were  lar^rely  diluted  with  grey.  A  theory  of  colour  vision 
must  account  for  a  case  of  thi-«  kind  and  also  lor  the  other  Vitrieties  and  degreeK 
tjf  col uur- blindness  The  trichroiuic  are  a  very  im|M)rtant  cbis9,  and  any  theory 
must  account  for  tbe  fact  that  they  see  yellow  aa  red-green  and  blue  aa  violet- 
green.  As  we  ahould  theoretically  expect,  when  ther«  is  shortening  of  the 
spectrum  the  centres  of  tbe  colours  are  mov^  towards  the  unehortened  side. 

1  will  roncliide  by  sbowing^  how  this  theory  will  e\])lain  tbe  trichromatism  of 
normal  colour  vision.  It  also  explains  why  certain  persons  see  8pectral  yellow  as 
red-green  and  spectral  blue  as  green-violet.  Id  pa&t  a^ea  all  saw  tbe  rainbow  made 
ap  of  only  three  colouis — red,  green,  and  violet.  When  a  new  colour  appeared 
between  the  red  uid  green  (yellow)  it  is  obvious  tbat  a  mixture  of  red  and  green 
wotii  d  lise,  not  to  red-green,  hut  to  tbe  colour  which  had  replaced  it — ^namely, 
yellow. 

11.  Liffhi  Aluminium  Tube$,   By  F.  H.  Naldbb. 

When  engaged  in  experimental  work  many  are  confronted  with  tbe  difHculty 
of  ohtainiiw  atin  pointera,  which  at  the  «atae  time  are  light.  In  the  production  cf 
commercisi  measuring  instruments  this  same  dil6edlty  has  ariften,  and  makers  am 
being  romp«»llpd  to  tind  other  means  for  making  pointers  than  tho  old  one  of 
putting  a  tlute  on  a  piece  of  thin  tiat  metal.  The  method  generally  employed  is  to 
Dead  up  a  piece  of  thin  metal  in  the  form  of  a  tube  with  a  looae  f>eam;  but  a 
Wtter  plan  is  to  use  seamless  drawn  aluminium  tubes  which  can  he  made  with 
walls  having  a  small  thickness,  such  as  one-thousandth  of  an  inch.  The  spedmena 
'Submitted  vary  from  this  thickness  with  different  diameters  np  to  tbree-thouasndtha 
of  an  iuch  or  more. 


DBPAKTXBirr  n. — ASTRONOSIT  AUD  CkMBMICAL  PBY8IC8. 

The  following  l^apers  were  read : — 

1.  BxhibiUon  q/  Celestial  Phofof/rapfia  from  the  Terhes  Obiervaiory, 

My  A.  B.  Minks,  M.A» 


2.  PoAsihlt  CJianyes  on  t/ie  Luiuir  Snr/nre.    By  S.  A.  Saundeb,  M,A, 

In  1864  a  strong  committee  of  the  British  Association  was  appointed  for  thp 
parp(»e  of  'Mapping  tlie  Surface  of  the  Moon.'  In  their  first  report  they  laid 
•treas  on  the  necessity  for  thoroughly  remapping  and  describing  the  surface, 
niBinuch  as  'in  tbe  present  state  of  selenography  we  cannot  suy  of  any  object, 
"  It  is  new.** '  The  wnole  or  parte  of  the  aurraee  had  heeu  previously  mapped  or 
'Irawn  by  Ilevelius,  Riocioli,  Dominic  Cassini,  Schroter,  Lobrmann,  Beer  and 
Madler;  but  whilst  there  were  considerable  differences  between  them,  even  in  the 
larger  formations,  the  minute  d-  full  was  very  inadequately  represented  by  all.  Iu 
I86(i  Schmidt  announced  tbat  Liuuo  had  lost  tbe  crater  form  with  wbicb  ho  had 
limiiily  been  acquainted,  aod  waa  to  he  seen  on]^  aa  a  anoU  white  cloudy  spot. 
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This  announcrmoMt  drew  the  attention  of  ftstronomfrs  all  over  Kurope  ^  'tb  to 
the  spot  ilBelf  atid  to  the  older  records.  It  was  t'omid  that,  whikt  the  usmd 
ftppearanoe  was  that  of  the  spot  deeeribed  by  Schmidt,  it  was  pomble  to  mdte  tmt, 
under  low  illumiDation,  a  small  conical  hill,  a  minute  crater,  and  th»'  remains  of  • 
larger  shallow  crater,  some  4"  or  5"  in  diameter.  I^hrmann  had  dmwn  a  crater 
here  which  he  describes  as  very  deep  and  visible  under  every  illumioation. 
Mftdler  bad  drawn  •  aimilar  crater,  had  frequently  obcerved  it,  and  remenibered 
having  seen  shadow  in  tli»'  interior  with  the  sun  nt  an  altitude  of  30**.  Schmidt 
hiinielf  hnd  nl?*o  i*een  and  drawn  a  flimilar  object.  There  was,  however,  found  a 
drawing  of  JSchroter's  which  some  have  taken  to  represent  very  much  what  w« 
iee  now;  others  have  thought  that  it  npreeenta  aomething  dilferent  from  this:  and 
others  again  that  he  simply  omitted  to  draw  the  crater  at  all,  similar  omissiona 
being  found  in  other  drawin<rs  of  his.  The  drawing  has,  however,  been  held  by 
naany  to  throw  doubt  upon  the  reality  of  the  change,  although  the  poiutive  asser- 
ti<Nis  of  Lohrmano,  liiialer,  and  Schmidt  appear  to  me  to  he  eondoaiw. 

Another  change  on  the  .surface  was  announced  in  1877  by  Klein,  who  found  a 
black  spot,  three  miles  in  diameter,  a  little  north  of  Ilypinus,  and  therefore  nearly 
in  the  centre  of  the  visible  disc  and  in  one  of  the  b^t  known  regions  of  the  moon. 
Man^  drawinga  were  examined,  but  no  ohserration  of  tibe  spot  could  he  found 
pn'vious  to  1876 ;  subsequently  to  its  discovery  it  was  always  a  cons|>icuou8  object 
within  thirty-six  hours  'if  uither  8iniri«e  or  Nimpet.  The  most  practised  observers 
agreed  that  it  was  due  to  a  shallow  howl-£»haped  depression,  and  Schmidt,  Klein, 
and  Neison  were  all  of  opinion  that  it  was  the  result  of  an  actual  physical  change 
on  the  surfiace. 

There  are  many  other  iiistnnce.<;  of  aospected  chaogOy  though  tlie  eTidenoe  is 
not  80  strong  as  in  the  cases  quoted. 

Changes  of  a  different  character  are  those  which  are  periodical  in  their  natnret 
the  ])t>riod  being  tluit  of  a  lunar  day.  Some  of  these  were  known  and  described 
bv  Mfi'ih  r.  wlio  rejected  the  opinion  held  by  many  that  they  were  due  to  vepeta- 
tion,  ou  the  ground  that  vegetation  without  air  or  wat«r  was  beyond  our  corapre- 
henaion.  A  numlier  of  these  spots  liaye  been  studied  by  Professor  W.  H.  ^dcenng, 
who  believes  that  the  moon  has  sufficient  atmospliere  to  support  some  possibly  low 
typ^B  of  vegetation,  and  that  the  changes  to  be  seen  in  such  spota  aa  thota  in 
Alpbonsus  and  Atlas  are  really  indications  of  vegetable  life. 

Theaa  and  other  instancea  of  possible  change  on  the  surface  clearly  lay  upon  us 
the  duty  ci  to  nailing  and  describing  ewerj  dtscoyerahle  feature  on  the  moon 
that  future  generntions  mnv  Im-  ahle  to  recognipe  chanpre  in  any  purt  n(  the  surface. 
Even  the  be«t  photographs  show  only  the  larger  formations,  those  in  which 
cnange  is  least  likely  to  be  noted.  The  more  nunute  detail  is  still  acoeeaible  only 
to  visual  obserratkm,  which  muat  be  prolonged  over  many  lunations  if  all  that  can 
be  seen  is  to  be  recor<ierl.  'I'lii^i  too  much  for  anyone  to  undertake  for  the  whole 
surface,  but  it  may  be  douu  for  a  lew  formations  by  any  amateur  who  will  devote 
himself  consistently  and  persereringly  to  the  worl^  first  la^ng  down  ffma  the 
photographs  all  that  can  b(>  found  on  them,  and  then  filling  in  the  details  at  the 
teleaoope  with  the  help  of  a  micrometer. 


3.  The  Melative  Apjxirent  Motions  of  Bright  and  FaitU  Stars, 
By  Professor  H.  H.  Tobmbb. 

1.  Sir  Duvid  Gill  finds  for  zone  —40"  to  —52°  that  brii^ht  stars  are  increasing 
their  R.A.  ahont  -i- 0**001 2  per  magnitude  per  year  with  reference  to  fain^ 

susrge.ttinjT  a  rotation  of  bright  stars  as  a  whole.  This  result  is  arrived  at  by  com* 
parintr  c;it aloiriies  niaile  hy  eye  observatiou.s  from  which  the  efiect  of  'magnitude* 
equation'  has  only  partially  been  eliminated. 

3.  Photographs  of  the  aame  region,  taken  at  dates  sufficiently  separated,  would 

show  this  motion  without  any  interferenrf  from  'magnitude-equation.* 

8.  The  ph()to^'ra])hs  taken  at  Oxford  in  i^ones  +  25°  to  +  .31°  for  the  A-^rrnrrraphic 
Chart,  from  le>i>2  onwards,  do  not  yet  allow  of  this  direct  method  of  attack  on  the 
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ptoblem  ;  but  when  compared  with  the  Cambridge  observations,  if  the  rotation  sug- 
posted  by  Sir  David  Gill  exists,  the  plates  taken  »mrly  ^^boald  give  different  results 
for  the  Cambridge  '  magnitude-equation  '  from  those  takeu  later.  The  elective 
interval  aTaOaUe  is  only  about  five  years  (very  small),  and  the  effiBCtive  rang«  of 
magnitudes  about  three.  But  since  this  implies  a  difieremce  of  0*0013x6x8 
=  0*  018,  the  inquiry  is  not  hop»'l('P<«.  evon  now. 

4.  The  comparison  of  a  large  number  of  plates  gives  a  quantity  about  as  large 
as  that  found  1^  Sir  David  Gill,  but  tke  cpposite  tiffn.  If  this  sign  is  correct 
the  phenomanon  cannot  he  a  rotation. 

T).  Assuming  it  correct,  we  can  explain  the  facts  by  nsfnming  that  the  stars 
of  the  Milky  Way  are  diii'ereut  in  size  from  others,  so  dillerent  that  where  the 
Milky  Way  appears  in  (say)  the  K.  hemisphere  faint  stars,  which  va  taho  to  he 
more  lainote  tnaa  brighter  ones,  may  be  really  nearer.  The  effect  of  the  sun's 
motion  in  space  would  then  no  longer  bo  symmetrical  about  its  npex,  and  the 
disturbance  would  have  opposite  signs  in  the  two  hemispheres,  since  the  Milky 
^N'ay  appeals  in  halts  of  R.A.  on  opposite  sides  of  the  sphere. 


4.  A  Stmidard  Scale  for  Telescopic  Observations,    By  Peucival  Lowell. 

1.  I'rtsent  State. — At  prost  nt  there  exists  no  criterion  amonp  astronomers  for 
the  weight  to  be  attached  to  any  given  observation  due  to  the  atmospheric  condi- 
tions umler  which  it  b  n»de.  Yet  these  atmospheiic  conditions  are  among  the 
moat  imjiortant  factors  entering  into  an  astronomic  obsen  ation.  They  are  far  more 
to  the  point  than  the  size  of  th*'  instrument.  For  our  telescopes  have  long  since 
outstripped  the  conditions  under  which  they  are  put  to  work ;  the  great  bar  to 
advance  to-day,  whether  visually,  photographically,  or  spectroscopically,  being  not 
instrument  but  atmosphere.  Each  man  realises  this,  but  marks  his  own  work  on 
his  own  scale,  as  if  he  .should  take  his  own  foot  as  the  unit  oi  length. 

2.  Difficult  ies  of  thut  Cuwiition, —  In  consequence  no  absolute  value  is  assign- 
able to  any  man*s  work,  and  no  comparison  between  different  menVi  work  is  possible 
whether  in  accuracy  or  credibility.  The  practical  outooma  is  that  the  only  test  if 
the  t^  st  of  time,  und  while  the  world  is  waiting  for  confirmation  of  any  new  result 
just  BO  many  years  are  lost. 

As  important  is  the  incapacity  to  leave  permanent  recoxds  of  ohservationa 
capable  of  being  compared  with  newer  ones  as  time  rolls  on. 

3.  A  Change  neccMary. — A  change  in  this  tit  ate  of  things  is  imperatively 
needed.  It  is  time  a  standard  scale  for  obaervatiuu:^  were  introduced  i^imilar  to 
what  the  metric  system  is,  that  it  may  do  what  that  does  for  physics  generally. 

4.  Posnbilitp  of  a  Oritenon, — ^Unttl  lately  such  a  scale  ha^  not  been  feasible 
owing  to  i;,'-noranee  of  the  conditions  upon  which  it  must  he  based.  Studies  how- 
ever directed  to  that  end,  first  at  i\jrequipa  and  then  at  Flagstail',  durinj^  the  past 
few  years  have  resulted  in  the  knowledge  of  the  conditions  which  constitute  good 
or  bad  seeing,  and  have  thus  enabled  an  absolute  scale  to  be  constructed. 

5.  T/ic  Crifvn'nii. — Thu  basis  of  the  matter  lies  in  the  discovery  that  systems  of 
waves  traverse  the  air,  several  of  thebe  systems  being  present  at  ouce  at  various 
levels  above  the  earth's  surface.  The  waves  composmg  any  given  system  aio 
constant  in  siae  and  differ  for  the  diO'erent  currents  all  the  way  from  a  fraction  of 
an  inch  to  several  feet  in  length.  If  the  wave  be  less  than  the  diameter  of  the 
object-glass  from  crest  to  crest,  the  image  is  confused  by  the  unequal  refraction 
from  the  different  phases  of  the  wave,  if  the  wave  be  longer  than  this  a  bodily 
oacillation  of  the  whole  image  results.  The  fiiat  is  fittal  to  good  definition,  tha 
aecond  to  accurote  micrometric  measuronn  iit. 

It  is  possible  to  see  these  waves  ))v  taking  out  the  eye-piece  and  putting  one's 
eye  in  the  focus  of  the  instrument  when  the  lube  is  pointed  at  some  sufficiently 
Inright  light.  It  is  further  possible  to  measure  their  eflect  by  carefid  noting  of  the 
character  of  tVie  spurious  disc  and  ring's  made  by  a  star  and  the  extent  of  the  swing 
of  the  image  in  the  iield  of  view.   J3y  combining  the  amount  of  confusion  with  the 
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dogne  of  bodily  motion  of  tho  resultiiiff  ima^  tbe  definition  at  any  tine  ni|in 

can  beaccufateiT  and  abeoluti'lv  rt^cor  ded. 

Thp  increasinpf  perfection  of  the  optical  imng'p  of  a  star  testifies  to  the  iucwi*' 
in/Bf  lack  of  dHmRgiug  currents  witli  reference  to  tin*  object-Brians  used.  It  iHartte 
all  the  waves  below  a  certaia  wave-length,  bimilarly  the  amuuoi  of  bodily 
notion  registers  all  tbosa  abote  that  length.  Tho  two  takan  togatkrpie 
account  of  all  the  currents  i nde pendant  of  the  glaas. 

G.  The  Scale. — ^It  is  tlicrefore  nece».^arv  only  to  agree  upon  ?ome  nie  of  glias 
for  making  tbe  fundamental  tests  and  then  to  reduce  the  r»*sultf  to  anv ipertare br 
relations  which  will  be  found  set  forth  in  a  pamphlet  bj  Mr.  Douglu  madt  it 
this  ohsemitory  entitled  *  Scales  of  Seeing.' 

The  moat  feasible  size  for  comparison  purposes  seems  the  d»indi  apsrtOR. 

The  scale  it  is  proposed  to  adopt  is  tberefoie  as  follows : — 

AVith  a  6-inch  glsjs— 

0  Disc  and  xinisa  confused  and  enlarged. 
'J  nisr  and  rinfr:?  confused  but  not  enl«j|yed. 
4  Disc  defined  ;  no  evidence  of  rin;r». 
G  Disc  deiiued ;  rings  brulieu  but  traceable. 
8  Disc  defined ;  rings  complete  hut  moving. 
10  Disc  defined ;  rings  motionless. 

Synchroaous  determination  of  the  amount  of  bodilj  motion  of  image  in  •ecoaii 
of  arc. 


o.  Expedition  /or  Uie  a^crrdtuiiDg  of  the  best  Location  of  Obaertataritt, 

By  P£BCtVAL  Low£U«. 

In  order  to  disoorer  tbe  lx'>f  place  or  places  for  the  location  cf  telescope* b  tbf 
future  it  is  proposed  to  nend  observers  furnished  with  similar  instrOBieBti  tad 
identical  instruciinns  to  all  promising  parts  of  the  earth's  surface. 

Two  desert-belts  girdle  the  earth  in  the  sub-tropical  regions  of  Capricorn 
Cancer,  and  from  the  mcteorologic  conditiooa  there  prevailing  these  beUi  oftr  tfe 
greatest  promise  to  the  astronomer.  In  the  northern  hemisphere  the  beh  ibow; 
Itself  first  in  the  Sahsra  of  Africa,  then  in  Arabia,  then  in  the  deeert  of  Gobi.  asd. 
crossing  th»^  Pacific,  crops  out  njjfiin  in  Arizona  and  Mexico.  Of  tlie^e  ihftwo 
witli  fht'  gn  att "SI  height  for  their  })lnteau\  are  Arizona  and  Mexico  and  the' 4**^^ 
of  Gobi.  In  the  southern  hemisphere  we  have  the  veldt  of  southern  Africa,  li» 
wefttem  part  of  Auatmlia,  and  finall  j  the  west  coast  of  P«rtt  and  Bofiria.  Of  tkw 
the  last  is  the  highest  and  the  Transvaal  the  next. 

With  regnrd  to  tho?e  ]>lnees  -ue  have  the  most  systematic  series  of  records  from 
Arizona,  the  next  so  from  i\rU|  some  slight  knowledge  of  the  Sahara,  aodotft  fi> 
none  of  any  other  locality. 

Although  the  desert-belts  promise  the  best,  other  localities  widdf  diftmt 
should  also  be  examined.  Chief  among  these  perhaps  are  the  islands  of  ths  pKite. 

It  is  desurable,  therefore^  to  send  ont  obserme  somewhat  as  follows : 

1.  To  the  desert  of  Gobi. 

'2.  'i'o  the  veldt  of  the  TranSTsaU 
3.  To  the  Samoan  Islands. 

The  observations  made  at  these  points  conld  then  be  repeated  dsswhen  tiD 
the  earth's  surface  should  be  known  from  an  astronomic  point  of  tisw. 

Kach  ob-crver  !^  f  n  be  armed  with  a  C-inch  glass,  all  theglasfe?  to  be  madebv  ik 
same  inalier  ( for  instance,  Alvan  Clark  &  Sons' Corporation),  and  to  report sooordojt 
to  the  proposed  standard  scale  of  seeing.' 

It  is  thus  important  that  the  said  scale  should  be  agrued  to  by  sfliUBiwn 
generally  before  the  various  expeditions  start. 
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(i.  6jjecirogram$  (tfJupUer,  UramUf  and  Vetta,   By  Psbcivai*  JU)wbll. 

Doth  I.  tnd  II.  (•pectrograms  of  Jupiter)  were  taken,  pmctically  nt  tlie  ume 

o]>och,  ftbout  two  mouths  before  opposition,  lOOi?.  Tlic  !-i)(»ctrum  of  the  planet 
occupit'^i  tht'  centre,  the  comparison  spfctriiin,  iron,  lying  on  both  sides. 

I.  Silt  pjirullel  to  the  polar  axis  ui  tlie  piimet.  The  dark  lines  of  the  planet's 
apeetnim  run  straight  across,  but  are  all  shifted  noticeably  toward  the  vblet, 
due  to  the  earth's  approaching  Jupiter  at  the  time.  By  meMUllDg  this  riiift  it  is 
possible  to  tell  the  ante  of  the  photo^'rnph. 

Running  lengthwifee  of  the  spectrum,  and  on  either  side  its  centre,  are  tw» 
hazy  dark  bands.  These  are  the  dark  tropifla]  belu  of  the  planet.  Thia  is  proved 
by  comparison  with  II.  in  which  they  are  ah.«  nt. 

II.  SUt  parallel  to  planet's  equator.  No  lrn<rthwise  dark  bands  Tisible,  the 
»lit  taking  in  only  the  light  equatorial  region  between  ihew. 

The  lines  in  this  photograph  all  slant  from  the  lower  right-hand  side  to  the 
upper  left-hand  side  when  the  violet  end  is  mado  the  top.  This  it  the  effect  (tf  the 
planet'j*  rotation  anrl  is  very  evident. 

Furthermore,  the  ri^ht  side  oi  th*;  planet's  spectnim  fades  off,  the  left  side 
ending  abruptly.  This  la  due  to  the  planet's  phase.  It  lieing  before  opposition, 
the  phase  an  as  on  the  aide  rarrii  i1  away  from  the  earth  by  the  body's  rotation. 
'I'liis  a;.'ree^i  with  the  shift  in  the  lines — toward  the  riKi  on  the  rigiit.  In  I.,  on 
the  other  hand,  bolli  (lides  of  the  ttpectrum  band  au*  nearly  alike  and  both  are 
more  definite  than  the  right  aide  of  11.,  leas  so  than  the  left  side  of  it.  Thia 
agrees  with  the  known  fading  out  of  the  planet  toward  the  limb — when  full. 

Hi.  8peet(ogram  of  Uranus  with  iSaturu  for  comparison  spectrum  ou  either 
side. 

A  dark  band  appears  in  the  spectrum  of  Uranus  in  the  yellow,  which  has  no 

counterjmrt  in  that  of  Saturn. 

IV.  SpectroL'ram  of  Vesta  with  Saturn  ns  compariaon  spectrum  on  cither  hand. 
Vusta'ii  ttpectrum  has  no  gups  like  that  of  Uranus. 


7.  lite  Uncertainty  qfour  present  Knowhxirie.  q/  the  DuiUince  o/ iJte  «^u». 

Btj  A.  K.  HiNKs. 

In  iMHj  it  wa?*  rrsoh  ed  to  adopt  in  all  the  Xautical  Almanacs  a  uniform  value 
8''-80  for  the  solar  parallax.  The  four  deteruiiuations  of  principal  weight 
were:^ 

From  Gill's  heliometer  observations  of  minor  planets,  8"'802» 

From  all  determinatbna  of  the  constant  of  aberration,  8'^'790. 

From  all  determinations  of  the  parallactic  inequality  of  the  Moon,  S"*704. 

From  man  of  Earth  found  from  motion  of  node  of  Venua,  6"'7Qi, 

Tha  eridanoe  wu  thus  three  to  one  in  favour  of  8"*80. 

Since  this  discussion  was  completed  by  Newoomb^  the  evidence  has  begun  to 
give  way.  New  determinations  of  the  ah'^rration  con'^timt  and  of  the  theoretical 
relation  l>etween  the  parallactic  inequality  and  the  solar  naruUux  have  agreed  in 
reducing  two  of  the  rssolts,  so  that  the  evidence  now  stanos — 

From  Gill's  hehometer  observations  of  minor  planets,  8  "-802. 

FVom  constant  of  aberration  of  light  (Xewcomb's  latest  discussion),  8"  777. 

From  the  paimllactic  inequality  of  the  raoottf  less  than  8''*778. 

From  motion  of  node  of  Venna,  8'''763. 

The  evidence  ia  now  three  to  one  in  favour  of  a  value  less  than  8"-78.  It 
is  therefore  peculiarly  important  to  know  its  soon  as  possible  the  result  of  the 
observation  recently  made  upon  Eros.  Tlie  author  ouilin. d  a  scheme  by  which 
nine  days'  photographs  made  and  measured  at  some  eight  observatories  would  be 
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reduced  at  CRmbridg-e,  and  expressed  the  hope  that  by  thiis  limiting,  in  the  first 
place,  the  programme  of  reductions  it  would  be  possible  to  saj  in  two  or  three 
yean  what  ww  the  verdict  of  Eros. 


6i»  The  Positions  of  Hydrorjen  and  Helium  in  RelatioJi  to  the  Earthtt 
Aimosjihere.   Hy  Professor  G.  H.  Bkyak, 
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Sionoii  B — OmSMISTRY. 

FB88IDBNT  OF  THB  Sacrrny^Professor  DIVRB8.  M.]>, 


TUURSDAY,  SEPTEMBER  11. 
Hi8  Preaideiit  deUvwod  the  foUowiiig  Addrns: — 

Thfi  Atomic  Theory  wUhoiU  Hypotlhesis. 

Is  opening  the  Chemical  Section  of  the  Britiah  Aatociation  iu  this  city  and  in  the 
balls  of  the  Qaeeii*i  College  mj  flnt  words  must  be  tboss  of  leverence  for  the 
memory  of  Thomae  Andrews,  for  so  many  jean  the  Professor  of  OhemiHtn,'  in 
this  College,  whose  invpstiirations  into  the  properties  of  p'ajw*^-- nbove  all,  those 
which  resulted  in  the  recoguitiou  and  determination  of  the  cri ileal  pressure 
And  temperature  of  earbonie  aahydTide-^haTe  become  a  part  of  the  foundation  of 
the  Kinetic  Theoiy  of  Ga6e«.  At  the  Meeting*  of  tiie  British  Association  here 
in  1852  Andrews  was  President  of  this  SectioDi  and  again  at  the  Meeting  in 
Edinburgh  in  1871. 

Smoe  the  Meeting  last  year  another  dtsdngnished  chemist,  formerly  professor 
in  <»ie  of  the  Queen's  Colleges,  Maxwell  Simpson,  has  also  passed  away.  He,  too, 
acted  ns  President  of  this  Section — namely,  at  the  Meeting  in  Dublin  in  1878. 
The  work  by  which  Simpson's  name  will  ever  be  recalled  is  more  especially  that 
upon  the  synthesis  of  polybasic  organic  acids. 

One  other  name  must  not  be  leiY  unmentioned  in  this  Address:  it  is  that  of  a 
long-time  Fellow  of  the  Chemical  Socic^^y  wlio  has  been  intimately  connected  with 
the  British  Association — I  mean  that  of  George  Griffith,  the  genial  and  most 
eflective  Asdstant  General  Secretary  of  the  AMOciation  for  so  many  vears,  who 
died  four  months  ago.  He  had  visited  Belfast  in  the  apring  and  made  the  pre- 
liminary arrangements  with  the  Local  Committee  for  this  Meeting.  He  jomed 
the  Chemical  Society  in  1859— just  one  year  before  I  did — and  remained  a  Fellow 
until  his  death. 

It  is  now  almost  a  eentury  ago  since  John  Dalton  made  known  to  the  world 

his  theory  of  the  nature  of  chnmical  combination  by  the  publication  of  a  table  of 
atomic  weights.  He  had  been  occupying  himself  lor  some  years  witli  the  study 
of  the  physical  properties  and  atomic  constitution  of  gases  belore  he  was  led  to 
extend  the  notion  of  the  atmn  to  chemical  phenomena,  and  thus  to  form  that 
conct^ption  which  was  to  become  celebrated  the  atomic  tht  ory.  In  his  labora- 
tory note-books,  preserved  from  1802  onwards,  the  publication  and  unalvsis  of 
which  we  owe  to  Sir  Henry  Roscoe  and  Dr.  Harden,  no  reference  is  made  to  the 
theory  till  1803,  but  we  may  well  believe  with  Henry  that  it  was  alieady  in 
Dalton'?  mind  just  a  hundrrd  yfars  ap-n.  But  however  that  mav  have  been,  it  seems 
fitting  in  a  year  so  closely  approaching  the  centennial  of  it.*i  publication  as  the 
present  that  the  occupier  of  this  Chair  should  address  his  audience  on  a  subject  of 
•nch  ^neral  interest  and  importance  as  the  atomic  theoryi  if  indeed  tbsn  remains 
MiTthmg  to  be  taid  on  a  snigeot  whieh  has  ao  long  and  so  ftilly  togagad  altantion. 
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I  dtfe  not  anert  tbat  I  haTO  found  anytlung  actoally  norel  to  l»rinfr  before  jou 
'witli  regard  to  the  ntoroic  theory,  but  I  may  say  tbut  there  has  oertainW  long 
poeined  to  me  to  ex'i^t  tho  tiMed  to  treat  it  ii>  \mx)g  a  true  theory  instead  of  aa  an 
LypotbesUf  and  to  teach  it  aud  discuss  it  accordiii>rly. 

In  tiina  setting  forth  wbat  appesrfc  to  me  to  be  the  proper  form  of  the  atomic 
tbeOl^»  I  shall  have,  at  the  rbk  of  oTertaxing  your  patience,  to  restate  and 
examine  mnjit  of  the  fundamental  nnd  familiar  principles  of  our  science  in  order 
to  illustrate  and  juMtify  the  view  I  take.  2sut  only  this,  but  in  order  as  directly 
and  briefly  as  poasible  to  meet  the  objection  that  wbateTer  the  atomic  theory 
may  be  it  cannot  be  introduced  to  the  student  of  chemical  philosophy  in  another 
form  thrill  that  now  in  use.  I  shiill  sometimes  have  to  adopt,  in  order  to  show 
ubat  can  be  douet  a  didactic  method  which,  in  most  other  circumstances,  would 
be  mute  inexcusable  before  ao  distinguished  an  assembly. 

The  atomic  theoiy  of  chemistry  stands  unsurpassed  for  the  -x&y  in  ';\-hich  it 
has  fulfilled  tho  pnrpoge  of  every  preat  theorj',  that  of  frivin^r  intellectual  mastery 
of  the  phenomuna  of  which  it  treats.  But  in  the  form  in  which  it  was  enun- 
ciated, and  atill  is  nniT«r»ally  expressed  and  acceptiKl,  it  has  the  defect  of  resting 
upon  a  metaj»hysical  basi?,  namely,  upon  the  ancit  nt  hypothem  tbat  bodies  are 
not  continuous  in  t«'Xlure.  but  conMst  of  discrete,  ultrH  minute  particles  whose 
properties,  if  known,  would  account  for  those  of  the  bodie.H  themselves,  lleoce  it 
Las  happened  that,  despite  the  light  it  throws  upon  the  relations  of  chemical  phe- 
nomena and  the  simple  means  it  afibfds  of  expresriog  these  relations,  this  theory 
has  nhvnys  been  rej^^rded  with  misgiving,  and  failed  to  achieve  that  explicit  recopmi- 
tiou  which  its  abounding  merit  calls  for.  Indeed,  the  deairo  has  been  expressed  to 
see  the  time  when  aomethinflr  on  a  more  solid  foundation  ahall  have  taken  its  place. 

Now,  it  ia  not  my  intention  to  discuss  the  merita  or  demerits  of  thn  atomic 
hvpothesis,  which  ran  irult  pd  no  loiif.'cr  !<♦■  treated  na  a  merely  metophysicnl  specu- 
lation. What  I  would  do  to-day  is  to  impress  upon  you  that,  in  spite  uf  all  that 
Ims  been  sud  and  written  about  the  atomic  bypotheaia  In  connection  with  chemistry, 
the  atomic  theory  propounded  by  Dalton  and  adopted,  implidtlv  at  least,  by  ^1 
fhenti>its,  is  not  founded  iipoji  tin*  motiipliyf-ical  coticef)tion  of  material  discontinuitv, 
and  ia  not  evplained  or  illuminated  by  it.  i'or  if  that  should  be  tlie  case  ther«» 
will  no  longer  exist  any  grounds  for* faMitation  in  accepting  the  theory  quite  ex- 
^icitly,  and  then  the  anomalous  condition  of  things  will  be  removed  of  a  theorv 
beinpr  in  universal  use  without  its  truth  ht-'ui^  freely  and  openly  admitted.  For 
the  sake  of  cleameest  it  is  convenient  to  restrict  the  term  *  atomic  hypothesis '  to 
the  old  metaphysical  riew  of  the  discontinuity  of  matter  whilst  applying  the  term 
<  Atomic  theory '  to  the  current  ckborated  form  of  the  Daltonian  theory;  this 
distinction  is  adhered  to  in  the  present  Address. 

In  the  peroration  to  his  admirable  diFcourse  upon  atomic  weights  or  masfes 
delivered  before  the  Chemical  Society  in  IftMS  as  the  Staa  Memorial  Lecture 
Professor  Mallet.  F.R.S.,  said  :  '  By  the  chemist  at  his  balance  the  arm  of  reason 
is  directed  into  tho«o  rf'Ri(tn>  of  almost  inconceivnhh*  niinnteiiosp,  which  lie  as  far 
beyond  the  reach  ni  the  most  powerful  microscope  as  thut  carries  ns  bevoud  the 
reach  of  the  naked  eye,  quite  aa  impressively  as  that  same  arm  is  stretched  forth 
))'-  the  astronomer  at  his  divided  circle  to  reach  and  to  weigh  the  mighty  ]>l8nets 
lliat  shine  in  the  remotest  repions  of  our  solnr  sy.Hiem.'  On  two  occasion?  I  lia\e 
beard  the  same  comparison  between  the  chemist  and  the  astronomer  made  by  J.ord 
Kelvin  when  lie  wss  in  the  company  of  chemists;  and  undoubtedly  both  these  hiirh 
authorities  have  oiil\  then  e.\■|.les^ed  the  j^eneral  view  as  to  the  nature  of  the 
domain  of  the  chemi.sl.  VpI  I  venture  to  question  whether  tliere  is  anything  in 
the  ways  and  work  of  the  chemist  to  bupport  such  a  view  and  ^ive  point  to  Mallet 
and  Kelvin's  comparison.  If,  indeed,  chemistry  is  a  science  which  rests  upon  the 
atomic  hypothesis  and,  therefore,  would  cease  to  exist  in  th*  form  into  whidi  it 
has  developed.  !^li<iuld  matter  prove  to  be  continuous  and  not  discrete,  nothing  can 
be  .'-aid  against  tiie  view  that  it  is  a  science  of  the  minute.  But  I  am  sure  there 
can  be  no  one  ready  to  maintain  that,  if  the  hypothesis  of  the  atomic  constitution 
of  anbataneea  were  an  unfounded  one,  the  atomic  theory  would  have  been  a  dis> 
covery  of  no  great  importance ;  and  Dalton  himself^  inftead  of  being  the  fonader 
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of  tbe  cliemiakry  of  to-day,  have  been  little  more  than  tbo  discoverer  of  the  law  of 

niultipl"  proportions.  If  that  oaiuuit  h*'  inftiiitniiKHi,  Avliaf,  then,  becomes  c»f  thii 
conception  of  chemistry  us  dealing  with  the  minute  ^  So  far  ua  comparison  can 
lie  miMO  between  the  opsntiom  of  Uw  utrooomer  Mid  the  ehembt,  it  is  the 
foraer  and  not  the  latter  who,  as  a  matter  of  faet,  deals  with  tbe  almost  infinitely 

minute.  For  if,  indeed,  the  chemist  oftfn  works  upon  com]mrRtively  <*mn]\  nnioiints 
of  substances,  and,  consequent Ij,  with  very  sensitive  balances,  that  ia,  as  >ve  all 
know,  only  for  reaaons  of  eeonomy  of  time,  materialBy  and  apparatns;  otherwise 
he  works  on  the  burgeet  possible  aode,  with  the  object  of  attaining  to  t lie  hiffhett 

depree  of  accuracy  and  pprtVction.  The  astronomer,  on  the  otlu  r  hand,  lius,  per- 
force, to  deal  with  the  smallest  visiible  things  in  nature,  the  nearest  approach  there 
IB  to  geometrical  points,  those  fixed  pointa  of  ligbt  in  the  heavens  which  are  only 
known  through  scientific  investigation  to  be  other  than  what  they  seem  to  bt* .  I  [  'in, 
therefore,  only  as  interpreted  by  the  atomio  hypothetds  that  ebemiatry  can  he  said 
to  deal  with  the  minute. 

When  the  atomic  theory  is  expounded  in  the  usual  way  it  is  commonly  and 
correctly  stated  that,  on  the  assomption  that  substances  consist  of  minute  indi* 
visible  particles  having  weights  or  maist'i^  bearing  the  ratios  of  the  combining 
numbers  assigned  to  them,  the  laws  of  chemical  combination  by  weight  neces- 
sarily follow,  and  are  thereby  explained.  But  then  the  converse  is  not  true — that 
beosttse  chemical  combination  obeys  tbe  well-known  laws,  substances  consist  of 
discrete  partit-^^-^.  >s'or  does  the  assumption  of  the  truth  of  tlie  afomi-  hypothesis 
afford  any  real  explanation  of  the  facts  expressed  by  the  laws  of  chemical  combina- 
tion, or  more  comprehensively  by  the  atomic  theory,  when  that  tlienry  is  given  in 
non-hvpothetical  terms.  It  is  just  as  diHicult  to  see  why  the  atoms  should  possees 
the  weights  on  chemical  grrouuda  a.««igned  to  them,  as  to  see  why  substa:ires  internet 
in  the  proportions  that  they  do  ;  that  they  do  do  so  is,  in  either  case,  an  ultimate 
fact,  for  which  no  explanation  has  presented  itself.  The  atomic  hvpolhesis  masks 
this  ignonmce  and  deadens  inquisitiveness.  Notwithstanding  all  this,  which  ia 
incontrovertible,  it  is  certainly  a  common  opinion  that  in  clxemistry  we  inTSaligato 
the  minute  and  intimate  constitution  oi  things. 

But  if,  after  all,  chemistry  does  not  deal  with  the  minute,  or,  rather,  if  it  has  no 
eoDOern  with  the  magnitude  of  single  bodies  or  their  molmdes ;  if  the  atomic 
hypothesis  is  not  the  foundation  of,  or  neofS.<?ary  to,  the  atomic  theory,  then  it  is 
CiTtainly  mo.st  desirable  and  important  that  tbe  theory  of  chemistry,  which,  with 
all  its  modern  developments,  I  take  to  be  indisputably  the  atomic  theory  of  Dalton, 
should  be  held  and  expounded  without  any  refeirence  to  tlie  physical  constitution 
of  matter,  in  so  far  as  that  remains  unknown.  The  opinion  that  chemical  theory 
should  be  developed  without  reference  to  the  atomic  hypothesis  lia<<  indeed  all 
along  been  held  by  many  eminent  chemists ;  but  then  the  dilemma  apjiears  to 
have  presented  itself  to  them,  that  either  the  atomic  hypotbeKis  must  be  granted, 
or  the  aton.ic  tlieor}'  must  be  dispensed  with,  since  it  falls  with  the  hypothesis. 
That  dilemma  1  do  not  recognise,  and  the  practice  of  chemists  shows  beyond  doubt 
that  it  is  always  ignored.  Investigators  use  the  theory,  wlietber  they  admit  it  or 
not ;  teachers  of  the  science  find  it  indispensable  to  their  task,  however  much  they 
may  (h'prt^cate,  and  rightly  so,  unreserved  acceptance  of  the  atomic  hypothesis  a^i  true. 

Refusing  to  commit  themselves  to  belief  in  the  hypothe.si^i,  chemists  have 
thought  from  the  lirst  to  escape  the  adoption  of  the  atomic  theory  by  putting 
Dalton'sdtsoorery  into  something  like  the.«e  words:  Numbers,  called  proportional  or 
combining  numbers,  can  be  assijmed  to  the  chemical  elements — one  to  each — which 
will  express  all  the  ratios  of  the  weights  or  mas.ses  in  which  substances  interact 
and  combine  together.  Perhaps  the  atomic  theory  is  here  successfully  set  aside 
by  expressing  what  is  an  aetuality  as  an  unaccounted-  for  possibility.  But  then  those 
who  use  any  .sucli  mode  of  exprf^slnjj  the  facts,  without  reference  to  the  theory, 
nev'-r  fail  also  to  adopt  the  doctniii-  of  ei  jui\  alents,  and  thua,  by  this  double  act, 
implicitly  give  in  their  adherence  to  the  theory. 

Divested  of  all  reference  to  the  physical  constitution  of  matter,  tbe  atomic 
theory  is  that  the  quantities  of  substances  which  interact  in  single  chemical  chang<s8 
aze  equal  to  one  another,— as  truly  equal  in  one  way  as  equal  masses  are  in  anotherr-* 
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and,  therefore,  that  chemical  interaction  is  a  meoanre  of  quantity  of  unlike  aub- 
atances,  distinct  iVuni  and  indepeudeot  of  dynamical  or  mass  measurement. 

Dalton,  indeed,  did  not  express  biowelf  m  uiy  such  terms,  his  mind  being  fully 
posseesed  with  tho  aneieiit  end  current  belief  upon  which  he  framed  hie  theory 
that  sulwtuncefl  are  made  up  of  minuf**,  fliscrete  particles.    But  it  i:^  rlcfir  f'n"n'_'h 
that  his  theory  wft«  tlmt  ot"  the  i  \if?tiuce  of  another  order  of  equality  betwefu 
substances  than  that  of  weipht.    I'p  to  bis  time,  the  weight  or  mass  of  every 
ultimate  partidle  of  any  substance  wbatevw  appears  to  have  been  assumed  to 
be  the  same,  the  atoms  beiu'r  alike  in  every  way.    That  assumption  i«  still  mnc\f^ 
by  many  thinkers,  chemists  among  them;  wa  meet  it,  for  example,  in  the  dillerent 
forms  of  the  hypothesis  that  the  elements  are  all,  in  some  way,  physically  com- 
pounded of  a  tmiTersal  and  only  true  element,  as  in  Pront^a  hypothesis.  Dalton  saw 
thing.s  dilferently,  and  recognised  that,  on  the  assumption  of  substances  beini? 
constituted  of  particles  which  never  subdivide,  weight  or  msms  cannot  be  the  same 
for  every  such  puriicle,  except  in  the  case  of  those  of  any  one  simple  substance. 
Thfliefore,  havuiff  g^ven  eoma  numbers  showing  what  he  beliaved  to  be  the  reepeo- 
tive  wei(?bts  of  the  atoms  of  several  simple  substances,  taking  that  of  hydrogen  as 
of  unit-wei^'ht,  be  proceeded  at  once  to  invent  symbols  for  these  atoms  to  indicate, 
not  only  their  di.stiuctness  in  kind,  but  above  all  things  their  indiviability  and 
their  equality,  properties  which  the  use  of  their  ntomic  numbers  would  have 
inadvertently  concealed  or  even  apparently  denied,  and  could  never  have  aspiwted 
or  connntefl. 

It  was  only  in  this  immediate  invention  and  use  of  chemical  symbols  that 
Balton's  conception  found  clear  expression  :  and  again  it  ia  by  the  universal  adop- 
tion of  aoch  svmbols  that  cheiuists  havf  -bowu  their  real  acceptance  of  the  atomic 
theory,  even  while  displaying,  not  infrequently,  their  scepticism  a.«*  to  its  truth.  The 
replacement  by  Berzeliua  of  Dalton  8  marked  circles  for  atomic  symbols  by  letter* 
wnich  should  recall  the  names  of  the  eubstancea  was  in  a  way  a  great  improve- 
ment, but  it  has  had  tlie  serious  consequeiire  of  crmsing  chemical  synibnb  to 
ustuillv  tir.«t  broupht  under  ludicf  luereiy  as  MU'Viceable  a})bn'viat  inns  fi)r  the  names 
of  the  elements,  aiul  only  then  (len  ribi  d  as  reprejsenting  their  atomic  quantities. 
Now,  evidently,  what  the  character  ut^ed  as  .syml>ol  shall  be  is,  theoretically  con- 
sidered, but  a  petty  detail ;  the  vital  point  is  \v!i;it  tlu-  character  syniboli^es,  nnd  that 
is  the  atom.  It  does  not  fiymboli.«e  the  name;  it  only  indicates  that  and  recalls  it. 
It  may  be  said  indeed  to  represent  the  atomic  number, since  it  stands  in  place  of  it ; 
but  it  is  made  to  do  so  only  in  order  that  we  may  for  the  time  forget  tna  number 
and  have  in  mind  the  integral  character  of  the  atom.    It  ia  not  the  4006  parts 
of  f^otlium  hydroxide  and  K)07  ]mrt.s  of  liydrolnomic  acid,  or  approximately  twiro 
as  much  of  the  latter  as  of  the  former ;  it  is  nut  these  graviroetrically  expressed 
Interacting  quantities  that  we  are  to  think  of  when  the  formulas  NaOH  aiM  HBr 
are  before  us,  as  we  too  often  strive  to  do  :  it  in  not  these,  from  a  chemical  point 
of  view,  meaninjprles.><  numbers  of  parts,  but  quantities  which  are  equal  in  the  sense 
of  chemistry,  that  are  expressed  as  such  by  these  symbolic  Ibrmulte.    The  real 

OMe  of  chemical  formulation  is  not  to  Mlnreviate  or  replace  language,  but  to 
itate,  ifnot  ensure,  abatraotion  from  and  non-contemplation  of  graTimetrie 
numbers. 

I  have  just  passed  from  atomic  symbols  to  the  formula)  of  molecules ;  but  ihis 
was  not  without  warrant.   In  the  form  in  which  I  have  enunciated  the  atomic 

theory,  it  relates  to  the  chemical  interaction  of  substances,  whether  com|>ound  or 
simple,  and  the  equality  of  the  quantities  conci-rned  is  tlie  equality  of  molecules, 
since  these  are  the  quantities  of  substances  entering  into  or  coming  out  from 
tingle  chemical  interaotionB.  Were  it  iu»f  therefore,  for  fear  of  comoundinfr  it 
with  the  mechatiical  theory  of  that  name,  the  atomic  theory  should  be  called 
the  mob'cular  tln-ory  of  chemistry.  It  niiu'lit.  ijidefd.  have  hapj^en'-d  to  l)e 
so  called  by  its  author,  for  Dalton  has  tuld  U8  that  he  had  in  mind  both  atom 
and  molecule  as  names  for  his  chemically  ultimate  particles,  and  choee  the 
former  because  it  carried  with  it  the  notion  of  indivisibility.  lie  extended  also, 
as  we  do,  the  u«'-  of  the  term  '  atom '  io  r  hemieally  compound  sttbstances,  iiiiee 
their  combining  quantities  are  chemicuiiy  ludivisibie. 
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Kext,  I  would  point  out  that  in  the  atomic  theory  the  notions  of  indivisibility 
and  equality  am  ioaepavably  iuTolved.  The  indiTlaibility  of  atom  and  molecule 
is  not  abjolute  nr  ultimate,  and  Dalton  distinctly  gimrd'd  hims«'If  against  beings 
understood  to  claim  for  the  ntom  more  than  chemical  indivisibility,  and  chemists 
nf  to-day  assert  no  more  than  this.  This  indivisibility  being  conditioned  by 
the  equality  of  moleeules,  the  importance  of  emphaaiainff  it  reata  only  upon  the 
dan{?er,  whi  n  it  is  overlooked,  of  losing"  sijrht  also  of  the  chemical  equality 
throiiph  the  gravimetric  inw|imlity  recoivinfj  numericnl  expression,  nnd  tuerfhy 
conveying  the  notion  of  divisibility,  though  only  gravimetricali^'.  The  idea 
of  lodiYiaibility  in  connection  -with  the  atom  or  molecule  it  intnnsieally  quite 
subordinate  to  that  of  equality ;  for  equality,  being  unity  or  oneness  brought 
into  relation  with  itself,  the  conception  of  it  carries  with  it  and  includes  that  of 
indivisibility.  Any  rational  hypotliesis  as  to  substances  consisting  of  ultimate 
particles  wiU  include  the  notion  of  their  being  indiviaible  partidee;  and  the 
import  of  the  hypothesis  in  chemical  theory  must  lie,  therefore,  not  in  this 
indivisibility,  but  in  the  nature  of  the  equality  of  the  particle.".  Hv  his  atomic 
theory  Dalton  asserted  that  where  the  i<ubstauces  are  did'erent  this  equality  is 
chemical  instead  of  ^nmetric 

Molecules  are  equal  in  the  sense  that  they  are  quantities  of  their  5iiih.itance8 
which  are  interdependent  and  coordinnt*.-  in  any  and  every  single  ciiemical 
change  in  which  they  take  part  together.  It  is  a  form  of  equality  for  which 
no  cloee  parallel  can  l>e  found ;  but  as  to  that  it  should  he  remembered  that  this 
equality  relates  to  the  phenomena  of  the  tranformalions  of  substances  into  each 
otlier,  whicli,  tliou<:h  they  form  so  lai^e  a  part  of  the  phenomena  of  the  universe, 
are  fundamentally  distinct  in  nature  from  the  rest  of  the  behaviour  of  bodies 
throughout  which  the  substance  remains  what  it  was.  In  some  agreement  with 
it  there  is  that  of  mt>chanical  pressures  when  these  balance  or  neutralise  each 
other,  and  therefore  are  opposite  and  mutually  destructive  though  equal.  Hut 
such  pressures  when  exerted  iu  the  same  direction  are  also  equal  in  their  effect 
on  any  body  in  their  path,  whereas  in  chemical  intetactioDS  the  ell'eets  of 
molecules  or  equal  quantities  of  two  unlike  substances  are  only  equal  in  the 
sens*'  tliat  each  is  that  quantity  which  interacts  with  the  same  qunTitity  of  some 
third  sul)stance,  which  itself  proves  to  be  also  a  chemically  eq^ual  quantity  to 
them.  For  the  products  of  the  interaction  in  the  one  case  are  m  part  at  least 
not  the  same  as  uose  in  the  other,  though  all  prove  dwmically  equal  in  further 
interactions. 

To  ^ve  an  example :  the  molecule  of  ammonia  is  equal  to  that  of  aldehyde 
in  that  it  combtnes  with  it  and  with  it  di^appuMrs,  or  ceasea  to  exist  as  sneb. 
Por  the  snmo  retLntm  it  IS  equal  to  the  molecule  of  bydrocyanie  acid,  and  molecules 
of  aldehyde  and  hydrocyanic  acid  equal  to  ench  other,  because  they,  too,  combinn 
and  disappear  as  such  in  doing  so.  But  the  molecule  of  ammonia  again  equals 
that  of  udehyde  in  effectinir  transformation  of  hydrocyanic  acid  and  its  own 
self  into  something  else.  And  lastly,  chemically  eqiuu  or  molecular  are  the 
products  of  these  combinntions :  nldehyde  ammonia,  ammonium  cyanide,  and 
aidebyde-cyanhvdrine,  not  only  auioog  themselves,  but  also  with  the  quuutilies  of 
ammonia,  aldehy  de,  nnd  h^'drocyanie  add  from  which  they  coma  and  into  which 
they  return  in  other  ehmnical  changes.  But  with  all  this  quantitative  equality 
in  transforming  power,  the  substances  produced  are  unlike  and,  each  to  each, 
pecuUar  to  one  of  the  three  acts  of  chemical  combination ;  and  on  this  account 
exception  may  be  taken  to  the  treatment  of  molecules  as  eqmd  chemical  quantitMS. 
Yet  the  equality  of  molecules  here  as.serted  I>  In  it  an  extension  of  what  is  meant 
by  the  equivalence  of  certain  ctoms  and  radicals,  since  the  atom  and  the  radical 
are,  nowadays,  conceptions  entirely  dependent  upon  and  derived  from  that  of  the 
molecule  (apart,  of  course,  from  the  atomic  hypothesis};  and  this  univenally 
allowed  equivalence  admittedly  does  not  ex'  n !  to  the  identity  of  the  pnductB 
of  the  replacing  acfivitv  of  the  atoms  and  radical-. 

Quantitative  equality  and  equivalencyi  it  is  true,  liave  not  the  same  meaning, 
eqiUTalence  bein^  used  to  denote  qualtm  equality,  tK^uality  iu  certain  specitied 
ways,  of  quantities  not  equal  in  all  other  ways  and  possibly  iu  no  other.  Quantities 
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of  ditrerent  substances  cannot,  strictly  speakinp,  ever  be  equal,  and  can  oaijbe 
styled  so  in  the  sense  of  being  equivalent ;  for  were  they  e^ual  in 
the  sttlwttiioes  would  olmously  be  the  aame.   But  this  fkct,  if  it  evw  HbSSmmt, 
U  iffoored  by  universal  custom,  and  quantities  of  Fulfst.mces,  however  ud»— 
featners,  air,  watfr,  -  ilt,  tind  what  not — are  taken  to  be  all  equal,  even  bych?^' 
AS  by  the  worhl  at  iar^^',  if  only  they  have  the  same  weight,  notwith-standiagtut 
incongruities  of  the  substances.    I  proceed  now  to  show  the  Ui^elessQeaB  of  tk? 
flOOTietioiiy  but  only  to  bring  out  mote  strongly  tbe  daim  of  ebeaiieal  aetrmr  u 
equitl  lights  with  weight  or  mass  in  detemiiniiig  what  are  equal  qmotities of 
substances,  for  1  am  aware  that  here  I  have  nothing  to  t^ll  you  that  you  h  k' 
nlrendv  know.    Weight  beinp  only  the  £r^a^^tational  nieii-siire  of  rn:i^%  friida 
itself  i«j  independent  of  it,  quantities  of  substances  are  held  to  be  equal  uLen  tic3f 
masses  are  equal.    Now,  mass  is  quantity  of  matter.    But  what  then  is  meut  fc> 
inatterF  The  answer  must  be  either  tliat  it  is  a  general  term  for  any  asd  i\\ 
substances,  or  else  that  it  is  the  common  basia  of  wl  aubstances,  wljlch  pcaBDt» 
itself  in  all  the  different  f  irms  which  are  known  to  us  as  such,  by  v'uto*  erf  i 
corresponding  variety  in  its  intestinal  n«otions.    I  frladly  pa«s  over  the  latk: 
answer  without  discussing  it,  on  the  ground  that  it  introduces  the  snbjec:  of  tk 
intimatA  constitution  of  substances,  which  it  is  my  set  purpose  to  l^eep  iLdn^pcadoit 
of  in  this  disconne.    I  will  only  say  of  it  that  it  would  probably  be  the  ansvcref 
many  p}iv5!!(  i>t.y  and  chemists,  and  yet  that  it  gives  sucli  a  linjit  iti  tTi  to  tbe  nitm* 
of  matter  ay  makes  tlie  common  rxpres.siou  '  coTistitution  of  matter'  devoid  of  if> 
meaning.    That  expression  means,  and  can  only  mean,  the  coustitution  of 
stances  in  common ;  and  this  brings  me  to  the  first  answer,  that  matter  is  tbs  tern 
■tandiog  for  all  substances  in  common.   Xow,  one  thing  which  all  solatuice* 
possess  in  common  is  the  property  of  resisting  pressures;  pressnres  not  oolj^ 
moving  bodies,  Imt  of  the  motions  of  the  ether  ntid  flectrons.    Measimxi  ff 
quantified,  resist  mice  Ixn'onies  mas>;.  all  that  enn  h»>  M^mitied  by  thi?  term  bd?^ 
the  quantity  of  the  resistance  or  ineitiu  a  substance  exhibits  wheu  tested.  Itii 
the  measure  of  a  property  of  the  substance,  that  is  all ;  and  there  ia  bo  otkrvtr 
of  quantifying  a  substance  than  through  some  one  of  its  properties.   No  qoactitiH 
of  diflereiit  siihstanrcs  can,  as  such,  Ix-  '"'^mTnensurable  tliroughout ;  and  wb-*? 
coinpaied  and  measured  through  some  cjninu>u  property,  such  as  the  posje^si^n  i 
mass,  the  equivalence  or  pseudo-equality  found  by  this  means  Ia  not  the  mm  n 
that  fbund  when  some  other  common  property  ia  taken  as  the  meaaa  of  mtmm 
ment   But  experience  has  shown  that  though  there  are  several  ntioasl  tsd 
comprehensiTB  ways  of  instituting,  through  some  common  property,  comparljcr.; 
between  quantities  of  different  substances,  they  all,  with  the  exception  of  that  of 
weighing,  agree  more  or  less  exactly  in  pointing  to  the  same  order  of  aiuiviidK'r, 
that  of  chemical  activity ;  for  with  this  are  colligated  those  of  gaseous  voluaeaii 
the  other  well-known  puvsical  activitieay  which  give  neariy  the  aame  qnsatiti^i* 
it  gives  of  different  substances  as  bong  molecularly  equivalent.  Tberf  u^- 
therefore,  essentially  only  two  measures  of  quantitative  equivalency  or  pec*!- 
equality  l>etween  substanet-s,  the  dynaniicai  and  the  chemical  or  mnlefulir, tkf 
one  whollv  independent  of  and  t  lie  other  wholly  dependent  u)>on  the  pATticoiir 
nature  o^  the  substances  compared.  The  former  is  the  measure  of  djmmi^ 
phenomena,  those  of  changes  of  bodies,  due  to  their  impacts  and  preasurea  vtifk 
may  lead  to  their  deformation  and  disruption,  but  do  not  involve  transformtoos^ 
of  the  sulistanrt's  of  thf  bodies  into  others;  the  latter  is  the  measun^  of  chmifi. 

Shenomena,  those  of  changes  ol  bodies  induced  by  such  of  their  interM^uon^ 
0  involve  transformations  of  the  substances  of  the  interacting  bodies  into  otbrt 
anbstanoes.  Since  it  is  already  settled  for  us  by  custom  that  quantitlea  of  diflM 
substances  are  to  be  called  equal  when  or  because  they  are  equivalent  gnnm^Tri* 
callv,  and  as  it  is  not  to  bo  supposed  that  we  /hall  ever  £nv»'  np  calling  10 
of  oxvL'en,  of  salt .  of  chalk,  and  of  every  other  sub^ilauce,  Luu  t  ver  imlike, t4tt4^ 
quantities  of  theui  from  the  gravimetric  point  o*  view,  we  have  no  choice  bat 
to.  call  molecular  quantities  of  these  substances  equal  from  the  chemical  imb*^ 
view,  if  the  claim  to  cooidina  i     in    quality      chenueal  with  gafOi^ 
equivalency  is  to  be  asserted  and  maintained. 
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The  contention  that  chemical  equality  must  be  regarded  aa  of  as  clearly  de6ned 
a  nature  as  gravimetric  equality  l)ecome8  the  more  weighty  when  it  is  reflected 
that  our  Tefy  definite  yiews  conoeming  gravimetric  equality  are  due  solely  to  the 
law  of  conservation  of  mass^the  endence  for  and  against  which,  I  may  remind 
you,  ifii  just  new  t  i  }*e  difctiswed  by  J^ord  Kayleigh  before  the  Physical  Section. 
Thf*  mas.-?  of  nn'  pound  of  sodiuui  remains  unrlianged  wb»'n  the  raetnl  U  con- 
verted into  salt,  washing  soda,  or  borax;  if  ihia  were  not  the  case,  gravimetric 
equality  would  be  jost  as  definite  as  it  is  now  bat  physicists  would  haye  to  aigne 
far  its  freneral  recognition  in  much  the  same  way  as  I  am  doing  now  for  tha 
recognition  of  chemical  equality. 

In   further  justification  of  this  claim  of  cliemical  equality  to  coordinate 
rank  with  (^namical  equahty  iu  the  quantihcation  of  substances  it  may  be 
well  to  take^he  fact  into  consideration  that  the  determination  of  the  former 
is  independent  ot*  that  of  the  latter.   Overlooking  the  difficulties  of  the  task, 
let  there  be  at  hand  or  always  procurable  unlimited  numbers  of  parcels  of 
different  substances  tn  Ije  experimented  upon,  each  of  which,  by  other 
means  than  weij^hing,  such  as  spatial  raea.%urement,  can  !>•  known  to  be  equal 
to,  or  greater  or  less  than,  other  parcels  of  the  same  substuuces.    Suppose,  now, 
that  after  many  trials,  one  of  a  number  of  equal  portions  of  sodtimi  hydroxide 
has  been  found  to  he  the  quantitT  just  necessary  to  interact  with  one  of  a  innnher 
portions  of  hydrochloric  nrld  alf>o  equal  among  themselves.  The  ])v>  xlucts  of  the 
interaction  will  be  some  water  and  some  salt.  We  can  now  have  placed  before  us 
a  pu-cel  of  sodium  hydroxide  equal  to  that  previously  used,  another  of  hydrochloric 
aod  also  equal  to  that  used,  and  the  water  and  the  salt  obtained,  ana  then  have 
before  ns  chemically  equal  quantities  of  four  substances.   Let  now,  by  spatial 
measurement,  a  number  of  parcels  of  water  be  portioned  out,  all  equal  to  that  of 
the  water  obtained,  and  a  number  of  parcels  of  salt  equal  to  that  of  the  salt 
obtained.    By  a  series  of  trials  we  find  a  quantity  of  ^lilver  nitrate  just  sufficient 
to  interact  with  the  sodium  chloride,  and  having,  by  supposition,  taken  this  quan- 
tity of  silver  nitrate  from  a  lot  of  other  parcels  equal  to  it,  we  find  that  one  of 
these  is  just  sufficient  to  interact  with  one  of  the  portions  of  hydrochloric  acid 
equal  to  that  used  in  producing  onp  of  the  portions  of  salt.    Further,  we  find  that 
the  salt  and  the  hydrochloric  acid  each  prtHluc-  a  substance  which  is  the  same, 
namely,  silver  chloride,  and  in  the  same  quautiiy  us  the  other.    Along  with  it  ia 
^  case  of  the  salt,  is  sodium  nitrate,  and  in  the  case  of  the  hydrochloric  acid, 
nitric  acid.   We  can  then  find  that  this  quantity  of  nitric  acid  is  just  enough  to 
interact  with  one  of  those  of  sodium  hydroxide,  and  thereby  produre  quanti- 
ties of  sodium  nitrate  and  water,  respectively  equal  to  those  obtained  in  the  other 
interactions.     If  now  we  conjoin  with  these  experiments  others  in  which 
hydrogen,  sodium,  and  rilyer  are  eadi  caused  to  combine  with  chlorine,  and 
others  in  which  hydrochloric  acid,  silver  chloride,  and  sodium  chloride  are  electro- 
lysed into  these  elementary  substances,  evidence  is  obtained  of  such  facts  of  chemi« 
cal  composition  and  decomposition  and  of  double  decomposition  (or  wliat  happens 
when  compounds  interact)  aa  those  upon  which  the  science  of  chemistry  is  framed. 

In  teaching  chemistry  the  point  is  kept  too  much  in  the  background,  if  not 
sltogether  out  of  sight,  that  the  chemical  equality  of  quantities  of  different  sub- 
stances is  independent  of  all  other  relations  of  equality  between  them,  and  that, 
therefore,  its  validity  is  not  affected  by  the  fact  of  its  terms  agreeing  with  some 
und  not  with  other  terms  of  equalities  determined  in  other  ways.  Instead  of 
bringing  out  this  point  the  molecule  of  water  is  given  out  as  being,  primarily  and 
prominently,  that  quantity  which  has  eighteen  units  of  mass  and  wnieb  measures 
two  unit  volumes.  Both  statements  happen  in  the  nature  of  things  to  be  true,  but 
n<^ither  of  them  describes  the  molecule.  Let  it  be  clearly  understood  from 
illustrative  examples  what  is  meant  by  *  cliemically  equ;d,' and  there  is  hardly 
more  to  be  said  as  to  what  constitutes  a  molecule  of  water  than  that  it  is  the 
Quantity  of  it  chemically  eaual  to  that  of  some  other  substance  presenting  itself 
■or  comparison.  *  Molecule  is  a  term  of  relation :  it  stands  for  an  equal  quantity, 
not  for  any  particular  quantity ;  but  as  such  it  is  as  easy  to  understand  and  «a 
iodefioable  as  an  equal  volume  or  aa  equal  weight  of  a  sumtance. 
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It  18  then  only  as  colligated  e  qualities,  established  by  ezperiment,  that  gaseous 

voliinu's,  osmotic  pressures,  and  other  properties  of  substances  come  into  considera- 
tion, tirst  as  enforcing  the  truth  of  the  conception  of  the  indicated  qnaTjtitie.a  ns 
e<iual,  and  then  as  the  means  of  molecular  measurement  without  resort  to 
cheoiical  change.  Bat  of  the  purposes  served  by  the  coUigative  properties,  that 
of  giving  molecular  mea<9urfments  without  recourse  to  the  evidence  afforded  by 
chemical  change  is  well  known  to  be  of  the  very  widest  applioutjon.  To 
determine  chemically  the  molecular  enualities  of  substanca*,  single  chemical 
changes  of  >  rt table  character, changes  which  arc  cases  of  double  decomposition, 
have  to  be  looked  fir  ;  anil  to  know  these  with  the  desirable  ii-rrree  of  certainty 
calls  for  a  much  larger  acquaintance  with  the  chemical  behaviour  of  the  substances 
than  can  usually  be  gained  at  the  early  ntage  of  work  when  the  knqpvledge  of  the 
molecule  is  of  the  utmost  assistance  in  the  further  investigation  of  the  nature  of 
tlie  siibstarifes.  Consequently,  It  i^  nearly  always  through  recourse  to  physical 
metli  )J.s  that  the]Jmoleculo  is  tirst  ascertained,  and  then  through  the  molecule  the 
certainty  acquired  that  some  particular  interaction  is  a  single  one,  thus  reversing 
the  normal  order  of  things,  which  undoubtedly  is  that  the  molecule  in  ehemistrv, 
however  it  m  iv  h  i  \  e  been  first  determined,  is  recognised  as  luch  by  being  what 
it  is  in  chemical  change. 

1  shall  have  been  wholly  misunderstood  by  you  if  you  suppose  that  I  Would 
make  light  of  the  importance  of  the  balance  in  chemical  operations,  or  of  the 
value  of  it-!  indications  in  chemical  inve^ti^.'-ations.    Once  the  weij:ht>  of  mole* 
cular  or  atomic  quantities  have  been  ascertained  the  balance  becomev<  the  rao$t 
accurate  and  generally  the  most  easily  applied   instrument  for  apportioning 
substances  in  these  quantities.    Chemical  interaction,  to  be  employed  in  this  way 
and  witlout  the  aid  of  the  balance,   i^  praetit\illy  useless,  for  the  reason  that  it 
involves  tlie  destruction  of  the  quantities  it  measures.    Out  of  this  dependence  on 
the  balance  arises  the  exceeding  importance  of  accurate  tables  of  atomic  weiffbts, 
from  which  molecular  weights  are  derived  by  addition  ;  but  the  phuM  for  uiese 
tables  is  not  on  the  walls  of  the  lecture-theatre,  but  in  the  labDratory  pocket-book 
and,  perhaps,  in  tie-  ba!;inee-room.    Resides  the  use  of  the  balance  and  of  atomic 
weight,  tables  lor  getting  and  calculating  out  molecules  of  diflereut  substances  ut 
pleasure,  there  b  the  indispensable  service  they  perform  in  enabling  chemical 
analysis  to  be  carried  out  and  applied  to  the  solution  of  the  problem.'^  offered  bv 
chemical  ch;in;:<'     The  primary  problem  of  every  science  is  to  tintf  -ome  element 
of  samsueas  in  the  diversity  of  its  phenomena,  in  order  that  they  may  be  com- 
pared, a  problem  which  was  solved  for  chemistry  to  a  large  extent  by  Dalton,  and 
ceaseti  to  exist  when  the  distinction  had  been  made  between  molecule  and  atom, 
l^iit  this  having  l>-''n  -^olvt''!.  there  comes  the  other  problem,  namely,  to  find 
detinite,  tliat  ia,  quaulitalive  ditlerences  in  the  midst  of  the  uniformities,  and  th«»e 
for  the  chemist  are  difierences  of  roa§B  or  weight.  Through  that  redistribution  of 
ni«{>s  which  attends  chemical  interaction.s  it  has  been  possible  to  trace  out  to  some 
extent  the  nature  of  the  transformation  of  substances  and  develop  the  Bci«*nce  on 
the  liueti  of  chcuucal  composilion  and  chemical  constitution.    Thus,  then,  the 
balance  has  become  and  will  continue  to  be  the  necessary  instrument  of  chemical 
research;  but  again  I  would  remind  you  that  it  records  its  facts  in  units  which 
are  not  ours,  and  of  which  we  avail  ourselves  only  as  the  means  to  an  end. 
bodium  chloride  is  chemically  cump<>.--ed,  not  of  o.>40  equal  parts  of  chlorine  with 
!2305  of  the  same  equal  parts  of  sodium,  but  of  equal  quantities  of  these  simile 
substances. 

Tlic  theory  of  chemical  molecules  or  equalities  and  t}i»'ir  relntion^^  t(j  tli-* 
equalities  between  the  weights  and  gaseous  volumes  of  ditlcrent  substances  were 
brought  to  light  not  by  Richter's  law  of  chemical  combining  proportion*,  and  not 
bv  Avogadro'.s  hypothesis  as  to  there  being  equal  numbers  of  ])article8  in  the  same 
volume  of  ditlereiit  gases,  but  in  tlif  first  place  by  Driltou's  atomic  tht-orvand 
( iay-Lussac's  law  of  simply  related  gu.«»eou8  volumes  ia  chemical  change;  and 
then,  much  more  fully  in  the  middle  of  the  last  century,  through  the  brilliant 
work  of  Gerhardt,  WuUamson,  Laurent,  Odling,  Wurtz,  and  others,  in  the  purely 
chemical  tield.  ihdton  gave  us  the  conception  of  the  molecule,  though  oomosea 
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with  that  of  the  atom,  as  the  unit  of  measure  of  chemical  activity  in  place  of  the 

Savimetric  unit ;  tlie  work  of  the  cbemists  of  the  last  mid-oeDtury  gare  us  a 
Her  conception  of  tli--  molecule,  along  with  the  notion  of  chemical  change  as 
being  substitution  in  the  molecule  eHected  by  wliat  l)t^carae  known  as  double 
decomposition.  Up  to  that  time  chemistry  had  been  treated  only  as  the  (science 
of  eotnpoondiiig  and  decompounding  or  reducing.  Sodium  added  to  oxygen  gires 
soda,  sulphur  added  to  oxygen  gives  sulphuric  anhydride,  soda  added  to  the 
anhydride  p-ives  sodium  sulphate,  ethylene  added  to  clilorine  pivfp  (liebloretlmru'. 
"water  subtracted  from  alcohol  leaves  ether,  and  so  forth.  All  thiA  is  strictly  true 
in  a  limited  way,  but  then  it  is  not  chemistry  ;  and  the  addition  precedes  and 
does  not  constitute  thedhemicdl  union.  In  the  sodUum  sulphate  we  perceive  no 
soda,  no  anhydride,  no  sodium,  sidj)lmr,  or  oxygen.  That  is  to  say,  there  is 
evidence  of  the  addition  and  subtraction  of  mass  and  some  oilier  such  evidence; 
but,  for  the  rest,  evidence  of  addition  th«re  is  none.  Were  it  otherwise  thvre 
could  be  nu  chemistry.  It  is  true  that  one  of  the  trreat  things  accomplished  by 
cliemifltry  has  b<  en  that  of  establishini?  the  \si\v  of  the  con«»prvHtion  of  mas^,  with- 
out  which  to  relv  upon  the  chemist  would  be  unable  to  curry  on  his  experimental 
investigations.  But  that  is  only  because,  lihe  the  steady  ^oint  to  tlie  seismologist,  it 
is  there  unchangeable  when  all*  else  is  clnmL  ui^ .  Since  it  w  the  law  of  no  cmange, 
it  cannot  J»erve  to  explain  what  i«i  cliantre.  Tar  from  being  the  science  of  the  compo- 
sition of  substances,  cbemisiry  might  be  defined  as  being  the  science  uf  the  uon- 
compontion  of  substances  where  that  composition  might  have  been  looked  for 
frooi  the  antecedents.  If  salt  is  verily  a  compound  of  sodium  and  chlorine,  and 
cfln  be  broken  up  into  these,  why  have  the  fragments  not  the  marks  on  them  of 
tlwt  whole  of  which  they  formed  a  part  f  It  is  true  that  bSbO  parts  of  salt 
become  3546  narta  of  chlorine  end  2305  parts  of  sodium,  nothing  oMng  gained 
or  lost  in  weignt ;  but  to  account  for  that  there  is  no  need  of  chemistry,  a  science 
which  takes  cognisance  of  the  phenomena  of  chnnj^e,  and  nnt  nt*  tli'»-e  of  un- 
changed properties.  The  use  of  the  word  '  composition  '  in  chemistry  cannot  be 
discsided  now,  and  all  that  is  necessary  to  make  it  unobjectionable  is  to  see  that 
the  term  is  always  qualified  by  the  prefix  '  chemical '  ^yhen  there  is  a  pos$>ihility 
of  mistake  about  its  siji-nifiraiice,  nrul  that  that  pifrnitirnr.ce  is  oarrfully  explained, 
if  not  defined  and  fully  illustrated,  before  it  is  given  over  to  the  beginner. 

The  facts  of  a  chemical  nature  about  common  salt  which  cause  the  statement 
to  be  mode  that  it  ]s  a  chemical  compound  of  chlorine  and  sodium  are  such  as  these. 
.Salt  can  be  wholly  chan;ze(l  into  sodium  and  chlorine  :  tlusc  siilmtfinccfj  T»ronpht 
together  change  into  salt  and  nothing  else ;  salt  and  sodium,  each  under  conditions 
appropriate  to  it,  change  into  the  same  substance,  called  also  a  sodium  compound, 
such  as  sodium  hydroxide :  salt  and  chlorine,  each  in  its  own  way,  change  into 
the  ^ame  chlorine  componm!,  such  as  hydrndilorir-  ncid  :  neither  sndinm  nor 
chlorine,  one  a^art  from  the  other  or  the  other  »  chemical  compounds,  ever  changes 
into  alt;  aslt  is,  directly  or  indirectly,  producible  in  the  chemical  interaction  of 
a  sodium  compound  with  a  chlorine  compound  ;  the  properties  of  salt  ars  much 
less  like  those  of  eith*^r  sodium  or  olilorine  than  likt'  those  of  some  other  siih- 


subetance,  salt,  is  as  simple  as  or  simplor  than  either  of  the  chemically  sample 


AVith  exclusive  reference  to  such  facts  as  the.^e,  tlie  chemical  compoisition  of  a 
substance  will,  I  think,  be  found  to  be  satisfactorily  defined,  as  its  baying  the 
power,  capacity,  or  property  of  being  wholly  producible  from  and  wholly  con- 
vertible into,  directly  or  indirectly,  tli  sse  substances  of  which  it  is  said  to  be 
composed.  A  simple  substance  diilers  from  one  that  is  compound  only  in  not 
possessing  the  power  of  being  by  itself  convertible  into  two  others,  or  of  being 
produced  alone  from  any  two  others.  Simple  substances  are  not  less  yaried  or 
1m«s  complex  in  their  pliv^^ical  properties  than  compound  f^uhstances,  while  their 
chemical  constitution  is  oftt  u  more  problematic  than  that  of  many  which  are  com- 
pound. The  term  'simple,'  therefore,  is  as  misleading  in  the  language  of  chemistry 
as  'eompound,*  unless  defined  and  <|nalified  in  use  by  the  word  <  chemically.' 
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The  ^'onnd  really  oocupiedby  chemical  composition  in  theoretical  chemistrj  U 
now  greatly  limited  ;  for  with  the  fall  acceptance  of  the  idea  of  the  molecule  and 
of  the  atom  a^  a  derivative  of  it,  its  place  h&s  been  taken  by  chemical  constitution 
to  an  extent  hardly  realised.  The  useful  and  praetieally  neoenaiy  expreeeion 
of  the  repiiltH  of  tlie  quantitative  analysis  of  a  ne^v  pubstance  gravimt  trically 
is  all  that  can  strictly  receive  the  name  of  'it>  rliemical  composition.  When 
the  term  is  applied  more  widely  it  is  used  for  what  uro  really  the  simpler  forms  of 
ehemicel  oonstitution.  It  was  otherwise  before  the  conception  of  the  molecule 
had  become  current  and  the  atom  had  become  a  derived  function  of  the  molecule. 
Chemical  composition  as  expressed  by  Dalton  in  atoms  is  indi-ed  thnf  and  nothing 
else.  Carbonic  anhydride  is  compos»  J,  according  to  him,  of  two  atoms  of  oxygtu  to 
one  of  earhon,  as  against  carbonic  oxide  which  is  composed  of  one ;  marsh  gas  of 
two  atoms  of  hydi  nL'  ii  to  one  of  carbon,  ns  against  olefiant  gas  composed  of  one. 
But  then  it  wa^  onis  uunu  rieul  necessity  which  led  him  to  adopt  .-^uch  a  m«»d»'  of 
expressing  the  facts.  The  same  necessity,  it  is  true,  afTects  us  also  in  the  matttrr 
of  carbon  dioxide^  of  water,  and  of  ammonia,  but  bow  little  it  does  so  is  shown  by 
the  many  casos  in  whicli  the  empirical  or  simj  le  eomposition  is  expressed  in 
multiples.  The  atomic  clieniical  composition  of  ethylene  is  two  of  hydrogen  to 
one  of  curboD,  and  that  of  benzene  one  of  hydrogen  to  one  of  carbon.  When  we 
say,  as  we  always  do,  that  the  one  substance  is '  composed  *  of  four  atoms  of  hydro- 
gen to  two  of  carl)on,  and  the  other  of  six  of  hydrogen  to  six  of  carbon,  we  give 
what  is  information  concerning  the  con3titution  of  these  suhstances-  Call  it  the 
composition  of  the  molecule  as  we  may,  it  is  evident  that  by  composition  we 
can  here  mean  onlT  constitution.  As  witii  polymerism,  so  with  isomeiismi  and 
in  a  more  marked  way.  Mercurous  sulphate  and  mercuric  oxysnlphitei  quite 
distinet  fjalts,  have  yet  the  same  composition. 

In  the  great  reformation  wrought  by  the  chemist .h  to  whom  I  have  referred, 
hut  hy  Gerhardt  in  particular,  the  new  light  set  up  in  chemistrir  was  the  notion 
of  what  came  to  be  called  *  double  decomposition  *  in  chemical  change.  The  phrase 
18  not,  perhaps,  happily  constructed,  but  it  has  the  merit  of  needing  some  »  x])la- 
nation  of  its  meaning  before  it  can  be  understood,  and  troubles,  therefore,  through 
a  too  nmple  apprehension  of  the  sense  of  the  word '  cinnpoation '  are  hvdly  to  be 
feared.  Its  introduction  into  chemistry  marked  the  ascendency  of  the  idea  of 
the  molecule  as  the  factor  in  chemical  chnnpre  wl>o';c  interactions  with  other 
molecules  were  to  be  considered,  instead  uf  those  additions  which,  as  chemical 
phenomena,  never  take  place.  It  led  also  to  new  conceptions  of  the  nature  of  the 
atom  and  the  compound  radlral  a>  being  the  quantitative  and  qualitative  expreiu 
aions  of  the  powers  possessed  hy  Mibstances  to  change  into  others,  ftnd  to  the 
conception  of  the  valency  of  atoms  and  radicals  as  expressing  the  nature  of  the 
comieetion  of  suecessive  chemical  changes.  The  seal  with  which  it  was  attempted 
to  force  all  cliemical  changes  into  the  form  of  double  decomposition  interfered, 
perhaps,  with  the  full  ri  coy  tiiliou  of  its  importance;  but  the  fact  r'^nains  that, 
with  hardly  an  exception,  all  that  is  stated  concerning  the  nature  of  tboee 
chemical  changes  in  which  two  or  three  substances  become  one,  or  one  becomot 
two  or  more,  isba.'^ed  upon  notions  derived  firom  the  Study  of  double  decomposition. 

The  fundamental  value  of  <l<mble  decompositioti  consists  in  its  di^]>laying 
threads  running  through  chemical  transformations  which  can  be  followed  up. 
When  two  substances  change  into  two  others,  and  only  then,  there  can 
in  most  cas««  relations  of  resemblance,  both  physical  and  chemical,  between  the 
before  and  aftt  r  of  a  chemical  change.  Instead  of  the  striking  unlikenesses  shown 
by  the  substances  formed  by  qutisi-odditiou  to  those  from  which  they  are  formed, 
there  are  here  met  with  the  shnilarities  of  the  outcoming  to  the  interacting  sub- 
stances, and  the  similarities  between  the  products  of  different  interactions  in  which 
the  acting  sub.^tfinres  are  similar,  riiemists  !in<!  been  for  very  long  familiar  with 
acids,  bases,  salts,  without  becoming  deeply  impressed  with  the  signiiicauce  of  the 
rasemblanoeB  which  these  class-names  imply,  and  also  witJi  Ute  facts  that  adds 
beget  acids,  bases  bases,  and  salts  ^alts,  or  in  more  general  terms,  that  substances 
in  interaction  produa;  others  like  them,  and  that  differences  between  the  products 
au4  ttio  agepts  in  ope  change  ftro  distinctly  repeated  in  a  simUar  change  in  which 
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other  substances  are  concerned,  points  now  gn  t^n  expression  to  by  such  terms  at 
'chemical  constitution,'  *  homolofjous'  and  *analon-ous  .st-ru  g/  *  Kopp's  law,'  &c. 

"What  16  so  important  to  consider  in  the  study  of  double  decomposition  in  that 
the  fact,  that  the  sum  of  the  maases  of  the  two  products  of  the  chaise  ia  the  amii 
of  the  masses  of  the  two  interacting  substances,  presents  itself  no  longer  as  Iwing 
merely  the  evitlenff  of  the  ma?sinp  together  of  substances  into  a  compound  ;  for 
there  is  iu  double  decomposition  to  be  considered  that  redistribution  of  mass 
which,  on  the  one  hand,  is  foond  to  coneepond  to  and  be  part  of  a  general 
though  not  sharply  defined  redistribution  of  i  liysical  and  chemical  properties; 
and,  on  tlie  other  liaiid,  to  he  obviously  irreducible  to  that  int'-rcbange  of"  tlmse 
simpler  substances  which  iu  mauy  coses  are  produced  iu  the  simple  decomposition 
of  tha  acting  anhetancee. 

The  physical  properties  of  substances,  or  rather  their  sensible  qualities,  are  of  too 
uncertain  a  character  for  their  redistribution  to  be  safely  traced.  But  it  generally 
does  result,  amongst  inoiganic  substances,  at  least,  that  colour  is  transmitted,  the 
saline,  acid,  bitter,  or  other  taste  of  one  of  tiie  active  aubatancea  will  appear,  with 
more  or  less  distinctness,  in  on*'  of  the  products,  a  relatively  volatile  and  a  relatively 
fixed  substance  totretbcr  will  yield  a  similar  pair  of  products,  a  dene*^  and  a  light 
substance  will  yield  a  dense  and  a  liffht  substance,  uud  bo  on.  The  chemical 
properties,  howoT^i  are  qntte  definitely  fediatribnted  to  a  large  extent,  a  6et 
anffidently  illustrated  hy  aayingthat  an  non  aaltyidda  an  iron  salt,  and  aaolphate 
yields  a  sulphate. 

But  this  is  not  a  redistribution  in  which  simpler  substauces,  or  indeed  any 
other  aahataaeea  than  thoae  interactmg,  play  a  part :  as  soon  hecomea  eridcoit 

on  attempting  to  establish  the  contrary  by  an  appeal  to  the  facta.  While 
silver  acetato  nud  silver  sulphate  resemble  each  other  and  also  silver  nitrate  as 
silver  salts,  they  do  not  resemble  silver  itself ;  and  though  silver  nitrate  resembles 
aodium  nitrate  aa  nitrate,  there  ia  not  even  a  anhatanee  known  whidi  ia  related  to 
theae  aalta  aa  nlTer  ia  related  to  ailver  Milta.  It  might  be  objected  to  this  that 
there  may  yet  become  known  such  a  substance,  %vhich  in  its  ultimate  decomposi- 
tion would  give  one  molecule  of  nitrogen  to  three  molecules  of  oxygen.  If  instead 
of  nitrate  were  given  acetate  or  cyanide,  there  would  be  found  in  the  anbatanoea 
acetic  peroxide  and  cyanogen,  it  might  be  said,  the  analogues  of  the  as  yet  unknown 
substance  of  the  nitrat' .  I'ut  the  point  I  would  make  is  that  nitrate,  sulphate, 
Sec,  are  names  with  well-delined  meanings  independent  of  the  fact  that  the  cor- 
responding substances  are  not  known ;  for  it  follows  without  ailment  that  also 
the  terma  ailver,  iron,  chloride,  &c.,  should  be  equally  inde})L'ndent  in  meaning  of 
the  existence  of  the  substances  silver,  sodium,  chlorine,  i^-c.  It  is  a  funiliar 
historical  fact  that  cassium,  helium, and  fluorine  were  chemical  names  long  before  the 
substances  ciesium,  helium,  and  fluorine  became  known.  We  might  well  be  convinced, 
therefore,  without  going furtlu  r,  that  constitutional  names,  nam«  s  whicli  convey 
the  facts  of  likenesses  pn  si  rviui  in  chemical  change,  cannot  he  indicators  of  tlie 
presence  of  the  substances  for  which  they  may  be  also  used.  For,  that  being  the 
case,  we  have  no  grounds  for  assuming  that  silver  nitrate  in  interaction  with 
aodium  anlphato  decomposes  into  the  subatance  ailver,  which  then  combines  to 
form  silver  sulphate,  l>ut  fuller  proof  than  any  appearance  of  likeness  or  unlike- 
ness  can  give  is  afforded  hy  facts  which  became  known  and  appreciated  in 
connection  with  the  chemical  molecule.  Typical  of  them  all  is  the  fact  that 
111  none  of  its  interactions  does  chlormetbane  yield  a  hydrocarbon  simpler  than 
methane  or  than  itself.  Under  those  conditions  in  which  it  might  have  been  ex- 
pected to  give  a  substance  which  would  be  methyl,  it  produces  ethane,  a  snVistance 
which  chlorine  converts  into  another  substance,  having  instead  of  one-third  only 
one-aixth  leas  hydrogen  in  its  composition.  Similar  results  have  been  obtained  in 
all  cases  where  the  point  can  be  determined — that  is,  wlK  rr  the  simpler  suljstance 
looked  for  would  still  bn  a  compound  snbstance,  and  such  simpler  derivatives  are 
looked  for  no  longer.  The  monohydride  of  oxygen  or  sulphur,  the  dihydride  of 
nitrogen  or  phosphorus  or  arsenic,  the  mononitride  of  caroon,  the  organic  com- 
pounds, metfiyl,  p  henyl,  acetyl,  are  not  only  unknown,  but  are  held  to  be  non- 
aauatent  substances,  Uu>ugU  their  chemical  compoundS|  the  hydro2udes,  amide8| 
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cyanideii,  Mid  the  rest,  are  both  ntuneioiu  and  wall  defined.  'WbatererotWrviev 

we  .shall  lia%e  to  take  of  the  constitution  of  (  loniberg's  remarkable  'tripi-ajl- 
methyl,'  it  will  certftiiily  not  bo  that  it  is  identiciil  with  tht>  radical  of  lis*  in- 
phenylcblormethatie  from  which  it  is  derived,  unle^^s  we  are  prt-pred  »  d".  ir 
that  carbon  is  sometimes  tervaleot.  Ethylene  the  substance  diners  frooi  edttloir 
the  radical  ifi  haying  its  two  carbons  differently  related ;  but  it  is  diffiaili  to 
see  how  to  make  a  similar  distinction  in  the  case  of  Gomberg*s  suhstsass. 

In  those  other  cases  in  which  the  point  is  not  strictly  determinaUvyOnly  bects9 
the  resulting?  pubslancpR  are  the  simple  sub^stances  themselve?,  it  requir^Hi  but  tbt? 
recofrnition  of  mol*  cular  quantities  to  make    it    evident  that  thei^e  cu^  run 
parallel  with  the  olher:^.    For,  in  all  changes  which  can  be  batUfactorilv  falius^i  , 
out,  tile  naultinff  or  entering  quantity  of  the  simple  substance  is  twice  is  gnat  t> 
that  which  can  have  come  from,  or  gow  to  form  the  molecule  of  either  of  tLr 
compound  substances.    But  if,  .^o  far  a.s  can  be  tract^d,  a  .Mmple  ^ubstaace  c.^-*^ 
only  half  from  one  molecule  of  any  of  its  coinji  tund-*.  none  of  tljt>e  compounde 
contain  or  be  composed  of  simple  substances.    All  simple  substances,  thtrtksr^  , 
at  weU  aa  idl  oompoand  snbstanoss,  enter  iato^  and  come  ont  from  cliwaicd  | 
changes  as  dual  in  all  of  them  in  origin  and  disappearance.    Their  D)lli^&tiv- 
properties  have  been  appealed  to  in  order  to  confirm  this  observation,  bat  'si  l 
conflicting  results,  sometimes  confirmatory  of  the  oliemical  evi'lence,  so  me  timt^s  con- 
tradictory of  it,  and  sometimes  too  complex  for  confident  chemical  interpretauoa. 

I  refer  here  more  specially  to  Avogadro  s  proposition,  which  is  in  eiect  tbt 
equal  Tokuiiea  of  mass  are  miemically  equal  or  moleeolar.  As  in  tiM  cuk  of 
Dalton'a  atomic  theory,  there  is  to  be  distinguished  in  this  proposition  vlitf 
ATOgadro  really  put  forward  as  new  from  what  he  took  for  granted.  Admittinr, 
as  was  to  liim  a  matter  of  cour^^e,  that  gases  have  in  equal  volumes  ♦'qual  numbers 
of  particles,  he  asstirt«d  that  in  the  cu^  of  elemeutiiry  substances  these  partid«« 
aie  not  the  atomiis  particle",  but,  as  in  the  case  of  compound  substaneea^pirddck 
compounded  of  these,  which  interact  with  the  particles  of  other  gases  as  cbemic^tr 
equal  each  to  each.  If  now  tbis  proposition  i.s  divested  of  all  bypoihei'i*, a- 
reference  to  the  mechanical  structure  of  gases,  it  becomes  the  law  il  r.i  equii 
Tolumes  of  gases  at  the  ^me  temperature  and  pressure,  wht;tlidr  simpk  or  cam- 
pound,  are  almost  exactly  chemically  equal  quautitieM,  and  once  in  poxwH 
of  this  law  we  find  nothing  beoomea  dearer  by  assuming  that  equal  vmobk  of 
different  gases  contain  the  same  number  of  chemically  equal  particles.  This  Uv 
is,  obviously,  an  advance  upon  (Tay-Lnssac's  law  similar  to  that  of  Uie  ch^'orica! 
mohciiliir  thr'ory  upon  the  atomic  theory  of  Dal  ton.  Unfurt  nnately.  however,  U 
does  nut  hold  good  in  the  case  of  not  a  few  simple  substances,  and  it  boems  impo$' 
aible  from  the  chemical  point  of  view,  and  conaistently  with  the  moleculsr  thavvt 
to  admit  that,  because  the  gaa-TOlume  baa  only  half  the  expected  ina&s 
chemical  molecule  of  soditim  or  mercury  is  not  bipartite  like  that  of  hydragiB  or 
oxyiren,  and  chemically  equal  to  either.  ' 

The  dual  constitution  or  chemically  compound  nature  of  the  simple  subatsaei-? 
as  thus  estabUahed  hy  the  part  they  fake  in  chemical  interactiona  fomisbes  fiotlkr 
evidence  of  the  untenability  of  the  belief  that  tlie  molecule  is  chemlcailT  C(Map<M»^ 
of  two  substances,  or  their  subst  itutes,  siuipler  than  itself,  when  we  con>iderthiu 
were  this  true,  there  would  b*j  chenncal  uuion  between  two  things  perfectly  alil^'- 
two  portions  of  the  same  thing.  This  ditliculty  was,  I  belun  e,  tir»t  r.iised  In  R*rzt- 
lius,  and  has  never  been  met.  Physically,  the  matter  is  simple  enough,  li  mouooii 
the  opposite  direction  is  not  counted  as  a  difference  betwen  two  manses.  Bsttki* 
would  be  a  non-electire  union,  whilst  chemical  union  is  elective. 

The  difficulty,  insurmountable  when  made,  do«*s  tiot  arise  when  the  fAit  a 
reco;;nlst'd  that  every  chemically  .><lnf,'le  substance,  whether  .-imple  or  Cf)ajpiii3i 
is,  as  a  substance,  one  and  without  parts,  and  can  never,  therefore,  be  built  uprf 
or  broken  down  into  parte  diflereat  from  itself.  One  substance  (aa  two  oioltw) 
or  two  substances  change  into  two  others  or  into  two  moleculea  of  one,  in  ti 
interaction  which  is  instant,  uninterrupted,  and  irresolvable  into  stage-s,  when  tli^- 
interaction  is  single  in  character,  liut  just  a'-  a  })oily  can  be  mentally  nnah**-^ 
M  in  the  inrestiga  tions  of  dynamics)  into  mass  and  motion,  which  apart  w^-" 
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known,  and  as  these  again  can  eueU  be  conceiveil  of  as  further  tde<I,  reserved, 
condensed,  and  otherwise  qualitied  as  centres  r>f  mass,  eompoundeil  motions,  and 
go  forth,  so  the  chemist  is  enabled  nn^ntally  to  find  quantitatively  defined  this, 
thati^and  the  other  mark  of  the  many  chemical  intenictions  which  have  or  may 
have  gone  to  bring  it  into  ezitteooe,  and  wUl  or  may  agsiin  have  place  in  the 
poasibw  forma  of  its  dissolution  into  others.  The  two  methyls  in  the  constitution 
of  ethane,  about  which  we  are  quite  certain,  are  not  two  things  held  together  till 
some  interaction  piindors  them  in  the  clK  niical  dissoluticm  of  ethane,  but  the 
doubl*^  mark  of  siuiiiarity  Uiween  it  and  other  methyl  compounds  in  their  chemi- 
cal interacLions.  AVe  cannot  say  that  only  one  part  of  the  ethane  is  methyl^  or- 
hydrogen,  or  carbon,  bat  that  part  of  its  nature,  of  its  constitution,  is  its  behaviour 
AS  a  methyl  compound,  or,  again,  as  an  ethyl  compound ;  or,  more  c  tnij^rclu'nsively 
but  less  speci6cally,  part  of  its  constitution  is  its  beliavinnr  as  a  hydrocarbon,  as  a 
liydrogen  and  a.s  a  carlwn  ro!n]inuiid.  Jiut  th<*se  are  diHerent  aspects  of  it, 
diflerent  relatiouti  of  it,  not  didering  parts  of  the  one  homogeneous  substance. 

With  the  laudable  object  of  combatiufr  the  prevalent  notion  that  matter  is 
something  which  is  the  basis  or  es.^ce  of  a  body,  something  acting  as  tin  medium 
of  the  manifestation  of  its  forms  of  energy,  a  distinguished  and  most  lucid  writ»'r 
on  cluMiii-try  has,  ad'qiiaft4y  ])erbai).s  Jor  that  object,  represent(>d  a  body  as  a 
compound  of  the  vani)U"»  forms  of  energ\  subsisting  togL-ther  and  cohering  in  cer- 
tain proportions  within  the  volume  of  the  body.  But  this  presentation  of  a  subject 
as  a  cohesion  or  association  of  forms  of  enexvy  is  om  the  same  footing  as  the  pre- 
eentation  of  ethane  as  congistingof  two  methyls  bonded  together,  or  two  portions 
of  carbon  with  six  of  hydrogen.  Tt  is  compounding  what  cannot  be  had  apart, 
^\"liat  cannot,  be  even  conceived  of  as  sejjarate,  so  far  as  bodies  are  concerned.  The 
analysis  of  bodies  into  manifestations  of  difi'erent  properties  are  only  mental  opera- 
tions. A  moving  body,  a  hot  body,  a  green  body,  an  explosive  body,  becomes  by 
legitimate  abstraction  a  phenomenon  of  motion,  of  heat,  of  colour,  or  of  light,  or 
a  chemical  ])hfno!npnon  as  our  needs  require  ;  but  the  body  is  there  all  the  while, 
:tnd  its  undivided  and  continuous  existence  is  indispensable  to  the  plienomenon. 
The  body  can  be  hotter  or  colder,  but  not  that  only, — not  that  without  other  diiler- 
•noes;  red-hot  iron  is  throughout  a  rery  different  thing  from  cold  iron,  and  iee 
diifius  widely  from  steam  in  most  of  its  properties.  A  substance  is  no  more  com- 
posei]  of  its  properties  or  energies  than  it  is  composed  of  its  so-called  elements. 
It  manifests  its  presence  in  a  thousand  and  one  ways  more  or  less  distinguishable; 
ilJ  properties  are  so  to  manifest  itself.  Ihit  no  i]i\  isibilitv  of  itself  while  it  remains 
itself  can  be  thought  of,  no  differentiation  can  be  suggested,  no  nucleus  with  its 
sopeiindaeed  properties  can  be  traced. 

It  ought,  therefore,  to  be  posrible  to  express  all  the  psrticulars  of  chemical 
institution  without  making  any  assumption  as  to  substances  having  parts  or 
structure.  Of  ciiemieal  constitution  itself,  1  doubt  whether  there  is  to  b»'  fmtnd  a 
definition  which  is  not  couched  in  language  having  reference  to  the  minute 
mechanical  stmctuie  of  SttbstaseeSi  notwiuistandiug  the  fact  that  all  knowledge  of 
their  chemical  constitution  has  come  to  us  through  observation  of  the  properties  of 
the  substances  thems»^lves,  and  more  particularly  their  relatioDs  in  cases  of  double 
decoraposition.  Bearing  in  mind  that  all  terms  are  relative,  1  think  the  chemical 
constitution  of  a  substance  may  be  defined  as  the  re^emblances  shown  by  it  in  its 
diemical  changes  to  other  siibstances,  often  l>etter  known  than  it  and  taken  as 
^ypes,  these  resemblances  being  indicated  and  described  usually  by  means  of 
^^ci&[  nomenclature  and  notation.  As  this  nomenclature  and  notation  have  been 
developed  out  of  those  designed  to  express  chemical  composition,  it  is  well  to 
point  out  that  the  notion  of  chemical  constitution  is  independent  of  that  of  the 
latter,  though  clothed  to  some  extent  in  its  language  and  symbols. 

The  notions  of  radical  and  atom  are  so  intimately  related  a»  to  be  often  used 
indifferently,  the  one  for  the  other.  The  radical,  etoylene,  is  always  an  atom  of 
*^thyleno,  the  radical  nitrogen  always  an  atom  of  nitrogen,  liadical  and  atom 
M«  in  fact  the  qualitative  and  quantitative  aspects  of  the  same  thing.  They 
thus  exactly  parallel  with  substance  and  molecule.  We  can  think  of 
^''^^ruuitified  substance,  and  perhaps  of  unquantilied  radical,  but  in  chemistry  we 
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never  really  want  such  conceptions ;  ono  of  tbe  many  definitions  of  Kclenco  is  the 
quautiiication  of  plienomeua,  and  iu  evenr  chemical  plienomeuou  the  subtitaDcea 
concerned  are  qnutifled  m  moleeolee.   The  qnantifleation  of  ndieale  expressed 

by  the  atom  is  fundament4illy  tbe  same  in  principle  as  that  of  substtnoeii^  namely, 
that  of  chemical  equnlity  in  intcrnctlon  :  but  it  may  be  better  to  Mytiu^itU 
dependent  upon  the  quontihcation  of  substances  as  molecules. 

In  the  Intenetion  of  double  decompoRition  each  substance  by  contact  and 
union  with  the  other  develops  tod  manifests  a  dual  character  by  becoming 
<li>tribiitP(l  the  two  new  substfinpr'?,  wifli  tlie  consequence  that  eacli  of  th»'j*e 
has  certain  propurtieb  the  same  a.s  those  of  the  one,  and  certain  others  the  same 
as  those  of  the  second  iuteractinff  substance.  What  is  common  iu  this  way  to 
one  of  the  mteructiii^' and  one  of  the  result in(>  substances  is  a  radical  of  these 
substances,  of  which  there  are  evidently  four  in  every  double  decomposition. 
These  radicals  of  a  single  interaction  are  defined  as  whatever  two  parts  of  the 
powers  of  a  substance  to  yield  the  simple  substances  of  its  chemical  composition 
aie^  in  certain  interactions,  continued  separately  from  each  other  in  the  two  new 
substances.  But  the  pair  of  radicals  devehiped  in  tlie  various  double  decomposi- 
tious  of  a  substance  being  by  no  means  always  the  same,  one  of  the  radicala 
of  one  pair  must  include  in  its  composition  part  or  all  of  one  of  those  of  another 
pair.  Acetic  acid  has  for  one  pair  of  radicala  methyl  and  carboxyl,  and  for 
another  pair  acetyl  and  hydroxyl.  Of  these,  rarboxvl  includes  hydroxyl,  and 
acetyl  includes  methyl.  Atrain,  acetic  acid  yields  the  hvdrogen  and  acetate 
radicals  iu  one  interaction,  and  hydroxyl  and  acetyl  iu  another,  so  that  in  these 
cases  tbe  acetate  radical  indndes  acetyl  and  the  hydroxyl  includes  the  radical 
hydroppn.  Now,  what  is  common  to  carboxyl  and  acetyl  and  what  is  c  >mmnn 
to  the  acetate  radical  and  hydroxyl  are  also  treated  as  nidicals,  the  one  Wing 
known  as  carbonyl  and  the  other  as  the  radical  oxygen.  The^iu  are  examplea 
of  what  may  be  distinguished  from  the  others  as  tbe  polyvalent  radicala.  lliey 
are  radicals  of  radicals,  and  tlicrefore  also  radicals  of  substance.  They  may  be 
defined  as  the  coaiiimii  ]);irt  of  two  or  more  other  radicals.  A  single  derinition  of 
all  radicals  can  be  given,  but  it  is  not  instructive.  A  radical  is  any  single  power 
or  any  interdependent  assodation  of  the  powers  of  a  substance  to  produce  aimple 
substances  which  continue  in  any  product  or  seriei  of  auoceaaiTe  products  of  ita 
chemical  change. 

Jiefore  I  leave  the  subject  of  the  radical  I  wish  tu  repeat  that  it  is  only 
when  it  ia  interacting  that  a  substance  shows  a  dual  character  or  divisum,  as  it 

were,  into  parts  or  radicals,  and  that  the  duality  it  then  shows  is  determined  as 
mut  li  by  the  nature  of  tlic  otiier  substance  m  by  its  own.  A  substance  is  neither 
actually  nor  conceptually  the  sum  of  its  radicals.  The  very  fact  of  the  difference 
of  these  in  different  interactiona  should  be  proof  of  tbia;  though  it  only  leads 
to  ita  being  taken  to  be  at  least  the  sum  of  ita  ultimate  or  simple  radicals. 
If,  however,  it  is  not  the  sum  of  its  proximate  radicals,  it  is  hard  to  see  how  it 
can  be  imagined  to  be  that  of  the  ultimate  ones.  In  relation  to  its  radicals,  a 
subatuee  must  he  held  to  present  itself  as  any  one  of  these  f<Mr  the  purpose  of 
investigation,  and  at  the  standpoint  from  which  it  is  considered.  It  is  then  to  the 
mind  that  particular  radical,  thoug-h  also  sonn'thin^jf  else;  just  as  snow  is  white 
and  cold,  yet  also  something  else,  for  tlie  moment  unconsidered.  Nor  can  the 
two  prodttcta  of  an  interaction  be  looked  upon  as  themselTes  ih»  sum  in  properties 
of  the  interacting  substances.  To  a  limited  extent  and  imi>erfectly,  we  can  attach 
to  a  given  radical  certain  of  the  properties  common  to  its  compounds;  but  it 
needs  no  greater  insight  than  we  have  already,  to  recognise  that  a  substance  cannot 
be  what  it  is  in  one  way,  without  being  in  that  way  greatly  aflected  by  what 
it  ia  in  another.  This  is  now  a  recognised  but  not  sufficiently  considered  point, 
and  I  therefore  welcome  those  publications  of  Profes.sor  A'orlaender,  of  Halle  (who 
now  honours  this  Section  with  his  presence^,  iu  which  he  has  been  vi^rously 
calling  attention  to  the  extent  to  which  the  propertiea  of  a  auhstanoe,  aad^  haaic. 
stable,  and  what  not,  depend  as  much  as,  if  not  more,  upon  tha  interrelations  of 
the  radicals  than  upon  the  radicals  themselves. 

Ono  other  thing  1  hare  to  say  abput  the  radical,  which  i«  oa  to  the  spelling  of 
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Uiaword.  I  plead  for  a  return  to  the  endin-r  of  the  word  radical  with  *  al,'  now 
Interdicted  in  the  '  Journal  of  the  Chemical  Society.'  It  seems  appropriate  to  call 
the  powers  of  a  salwtance  to  bdiaTe  ebemicallj  as  it  does,  the  roots  or  radical 
parts  of  ita  chemical  nature,  but  it  does  not  seem  appropriate  to  caU  them  radicles 
or  rootlets,  Americans  and  all  other  nationalities  but  our  own  use  the  original 
spelling. 

I  have  put  off  too  long,  perhaps,  all  reference  to  the  properties  of  very  dilute 
aqueous  solutions  of  salts,  but  I  wished  first  to  discuss  the  nature  of  the  radical. 

The  osmotic  pressure  and  other  dependent  points  whicli  are  particular  in  tho 
behaviour  of  such  solutions  are  in  full  accordance  with  the  assumption  that  an 
electrolyte  br  dissolution  in  much  water  becomes  a  pair  or  a  binary  system  of 
two  interdiflntsed  quasi-substances  called  Hons/  These  ions  must  differ  from 
isolated  substances  in  lx?arinpr  equal  and  opposite  quantities  of  electricity  ;  in 
being  each  unknown  apart  from  its  fellow  ;  and  in  having  a  composition  not 
to  be  found  in  actual  substances,  though  identical  possibly  with  that  which 
a  ladical  would  have  were  it  a  substance.  The  inns  can  be  indeed  separated 
from  ench  other,  but  not  to  continue  as  themselves,  since  in  the  act  of 
heparating  they  form  ordinary  substances,  either  by  uniting  with  other  ions, 
or  by  two  molecules  of  ion  becoming  one  molecule  of  substance.  In  the 
former  way  of  separalion  the  ions  of  two  salts  interact  on  mLxing  their 
solutions;  m  the  I'tlier  way,  the  ions  become  substances  when  their  solutionis 
placed  in  a  galvanic  circuit.  In  this  mode  of  separation- -by  electrolysis,  that 
18 — the  substances  corresponding  with  the  two  ions,  or  else  secondary  products  of 
their  change,  are  produced,  the  one  substance  at  the  kathode  and  the  oUier  at  tha 
anode,  while  the  solution  away  from  the  electrodes,  but  liefween  tliera,  remiuns  for 
the  time  unaltered  in  composition.  Along  with  this  tliere  occurs  in  many  cases 
a  phenomenon  first  recorded  by  Daniell,  and  afterwards  investigated  by  Ilittorf 
with  such  beautiful  results.  This  consists  in  a  greater  fall  taldiig  plaoe  in  tlie 
concentration  of  the  salt  solution  cln<e  to  one  electrode  than  in  the  concentration 
of  that  close  to  the  other,  as  though  the  ions  were  hydrate  compoimds,  and  that 
the  one  ion  was  a  higher  hydrate  than  the  other.  Until  we  know  more  of  the 
nature  of  the  ions  themselves  this  pbenomraon  is  most  conveniently  Quantified 
on  the  hypothesis  that  tl)e  inns  travel  as  molecular  particles,  but  the  discussion 
of  this  hypothesis  is  beside  my  present  purpose. 

The  phenomena  of  ionisation  or,  in  other  words,  the  particular  properties  of 
dilute  solutions  of  salts,  belong  evidently  to  a  change  unuke  all  other  chemical 
changes.  Tt  is  a  polarised  chemical  change,  in  which  the  equivalent  and  comple- 
mental  products  of  the  interaction  appear  ajiart  and  at  remote  surfaces  of  the  mass 
of  decomposing  salt  solution.  Two  points  which  call  for  notice  in  connection  with 
my  present  subject  are  that  an  ion  is  one  of  a  pair  of  quantities  commensurate  with 
the  quantity  of  the  salt  itself  that  is  or  would  be  in  interaction  ;  and  that  it  is 
molecular  in  character  and  therefore  to  be  regarded  as  a  relative  and  wholly 
variable  quantity. 

])alton*s  atoms  were  both  the  atoms  and  the  molecules  of  preeentnilay 

ehenii^:try,  hut  much  more  the  latter  than  the  former.  Although  the  chemical 
atom  can  now  be  no  more  than  a  dependency  of  the  molecule,  it  is  commt»nly  set 
up  as  the  starting-point  in  chemical  theory,  and  as  having  an  independent  exisU^nce 
M  a  quantity  of  toe  substance,  while  the  molecule  is  represented  as  being  a  con- 
jugation of  atoms.  But  there  cannot  be  two  standards  in  reference  to  the  same 
thing,  and  in  molecular  chemistry  the  atom  must  give  way.  As  I  have  already 
bad  occasion  to  point  out,  the  atom  ia  of  the  radical,  the  molecule  is  of  the 
substance. 

The  four  radicals  of  a  double  decomposition  are  equal  and  chemically  com- 
plementary. These  chemically  e<j[ual  quantities  of  such  radicals  are  atoms.  The 
uuantities  of  all  other  radicals  are  also  atoms,  but  only  those  of  proximate  radicals, 
viose  of  a  single  intenetion,  are  equal.  Similarly,  the  quantxtiee  of  the  four 
substances  of  a  single  interaction  are  all  equal  and  are  molecules,  but  the  quantities 
of  substances  are  not  equal  in  other  interactions.  These  others  are  treated  as  the 
simoltaoeous  occurrence  of  two  or  more  single  interactionsi  which  they  can  always 


^  lyui.    i.y  Google 


REPORT— 1902 


be  represented  and  stouutuucd  dcmuudUated  to  be.  Calcium  hydroxide  aud 
hydrogen  ttulphide  give  calcium  bjrdromilphidc  and  water  by  two  single  int«i>- 
actions  togetluT,  whicli  in  this  case  cnn  b*^  cnsily  distinguished,  sicce  the  calcium 
hydroxide  will  also  interact  with  only  half  hs  much  b}drn^en  sulphide  to  form  the 
iudoluble  crystalline  calcium  liydroxyhjdrosulphide  and  half  aei  much  water 
More;  this  ctkium  h>alt  will  then  interact  with  as  much  more  hydrogen  sulphide 
as  went  to  fnnr,  it,  and  produce  the  very  soluble  crvstalline  calcium  hydrosulphide. 
Or  the  calciuin  hy dru-ulphido  and  n>  much  calcium  hydroxide  as  yield»'d  it  will 
readily  interact  ti»  form  twice  as  much  ass  the  first-obtained  (quantity  of  calcium 
hydroxyhydrosulphido.  'lliirdly,  the  calcium  hydroeulphide  and  half  aa  much 
water  aa  was  formed  with  it  from  calcium  hydroxide  readily  interact  to  iircduce 
calcium  hydroxy hydroHulphidi  .  and  lialf  as  much  liydro;,'eii  sulphide  us  was 
needed  to  form  the  hydrosulpliide.  Therefore,  and  on  otber  ffroundsi,  we  Ray  and 
know  that  one  molecule  of  calcium  hydroxide  and  two  mueculaa  of  hydGrogen 
sulphide  give  one  nmlt  cide  of  calcium  hydroi>ulphide  snd  two  molecules  of  water. 
This  is,  of  cour-e,  only  the  law  of  multiple  proportions  introduced  into  chemical 
interactions.  The  expre^siuu  Hwo  or  more  molecules  of  a  substance'  has  a 
meanbg  only  aa  indicating  the  number  of  aimultaneoua  or  suoeeaaiva  angle  inter- 
aetions  which  have  led  to  the  conyersion  of  certiiin  substances  into  otluTs. 

Now  a  similar  but  complementary  state  of  thin>rs  meets  us  in  the  case  of 
ratUculs.  Instead  of  the  coefficients  of  molecules,  nuceti^itated  by  iiaving  to 
oonaider  many  chemical  changes  aa  bang  caaea  of  two  or  more  aingle  interactionR 
occurring  together,  there  are  the  valency  coelHcients  of  the  polyvalent  radicals, 
culled  out  al§o  by  such  a  compound  iPterAction.  'Hius,  in  the  above  case,  whilst 
the  bingle  interaction  between  hydrogen  sulphide  aud  calcium  hydroxide  t«hows 
ealciumbTdroxyl  aa  one  of  the  radicala,  the  suceeedinr  interaction  between  the 
calcium  hydroxyhydrosulphide  and  more  hydrogen  sulphide  fchows  the  radical 
calciumhydrosuipluiryl,  and  the  common  part  of  these  two  radicals  is  tlie  hiviilent 
radical,  calcium.  It  will  be  evident  that  to  give  the  atom  of  the  calciuui  radical 
as  bivalent  i»  a  atatement  reciprocal  or  compJementary  to  that  of  giving  two 
moleteulea  of  hydrogen  aulphide  as  interacting  with  one  of  calcium  hydroxide. 
Cljemical  erjuality  remains  still  the  mea.«iure  of  the  atom,  but  tlutt,  in  complex 
changes,  wherea.^*  the  number  of  molecules  of  one  substance  marks  the  number  of 
single  interacti<may  the  valency  number  of  the  atom  marka  the  aame  thing  for  the 
radical.  It  is  a  matter  of  valency,  and  not  otherwise  a  matter  of  the  atom.  The 
radical  calcium  is  never  actively  bivalent  in  a  single  interaction:  in  other  wordf. 
it  is  never  equal  to  two  atoms  of  h;^'drogen.  As  a  simple  radical  it  does  not  take 
part  in  auch  an  interaction ;  hut  it  doea  do  to  aa  a  radical  of  radicala,  anch  aa 
calciumhydroxyl  and  calciumhydrosulphurjl,  and  then  haa  the  aame  measure  as— 
is  equal  in  exchange  to — the  atom  of  hydrogen,  tliough  carrying  with  it  of  necessity 
other  radicals,  a  thing  the  hydrogen  radical  never  does  or  can  do.  To  take 
another  example :  when  acetamide  ia  formed  from  acetic  acid,  the  nitrofren  of  the 
amid<^^  and  the  oxygen  of  the  hydroxy  I  are  equal  in  exchange,  but  because  of 
their  valencies  the  'nu'  carries  witii  it  two  ntomj*  and  the  other  one  atom  of 
hydrogen.  This  is  no  matter  of  merely  academic  contcution,  fur  upon  ita  recogni- 
tion re«iia  the  doctrine  of  valency  itaelf. 

The  (juantity  of  tli-  iiulical  is  the  only  proper  and  suiBcient  definition  of  the 
atom,  whetht-r  the  radical  be  that  of  a  single  interaction,  or  a  radical  nf  radicals, 
that  is,  a  polyvalent  radical.  The  atom  is,  therefore,  the  quautitied  power  of  a 
auhatance,  aa'the  compound  of  the  radical,  to  produce  other  componnda  of  the 
radical,  including  ita  compound  with  itself,  where  iliat  is  possible.  As  with  the 
molecule  of  n  subi-tance,  so  with  tlie  atom  of  the  radical,  it  is  of  no  fixed  magni- 
tude, and  mav  weigh  a  kilogram  just  as  well  as  only  a  milligram  or  something 
much  leaa.  iking  a  relative  quantity  and  nothing  by  itself,  of  ita  indiviaihility 
there  ia  nothing:  to  he  said  outaide  ita  aeflnition ;  whilst,  aa  to  its  being  the  smallest 
relative  quantity  iiiterc]ianpin»r  in  an  interaction,  it  had  only  thu!*  to  he  de6lied 
when  there  was  uncertainty  as  to  the  molecule  and  the  siuele  interaction. 

It  haa  been  impoasible  for  me  to  dtacum  the  nature  d  the  ndical  and  the  atom 
iritfaout  referring  to  valency,  but  it  la  itaelf  a  auhject  of  flucb  imporUnee  se  to  need 
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special  cnn.-iderntion.  It  does  nut  sepm  right  to  mo  to  ?;iy  even  the  little  I  c-ail 
say  about  valency  without  imminir  with  the  respect  they  deserve  from  u^  tlie  dis- 
tinguished chemists  who  laid  the  foundations  ol"  the  doctrine  and  developed  it: 
'Wulmmson,  Odling,  Wurtz,  Edwud  fVankland,  and  K^kult^.  I  had  the  good 
fortune  to  he  in  tlie  same  laborntmy  n?,  and  then  intimate  with,  Kt'lcnli*,  when  in 
18o4  he  was  working  out  the  bivalencv  of  sulphur  and  oxygen  by  his  investigation 
of  thioncetic  acid,  some  time,  that  i»,  before  he  liuti  thought  out  the  benzene  ring 
tnd  die  valency  of  carbon. 

Only  when,  aa  is  usual,  proposition?  are  mail--  in  whirh  u  separate  and  inde- 
pendent existence,  witli  valency  as  a  property,  is  imputed  to  a  radical,  does  tiie 
queation,  aa  to  what  valency  ia,  present,  any  difficult}-.  Approaching  ir  from  the 
nde  of  the  molecttle  and  of  double  desompoaiticn,  and  therefbre  from  the  experi- 
mental side  instead  of  from  that  of  the  radical  itself,      i^*  customary,  valency 

Sn'sents  itself  as  being  the  number  of  single  intprnctions  necessary,  in  order  to 
ave  a  certain  radical  occur,  iirat  as  that  uf  one  ^^ubetance,  and  then  as  that  of 
another  whieh  has  no  other  radical  in  common  with  the  firtt  anbatance.  That 
ammonia  possesses  one  atom  of  the  radical  nitrogen,  and  three  atoms  of  the 
radical  hydrogen,  and  that  the  nitrogen  radical  is  tervalent  and  the  hydrogen 
radical  uuivaleutare  statements  mutually  based  upon  facts  such  as  the  following. 
I'otaauum  nitritoaulphate,  which  contains  nitrc^n  but  no  hydrogen,  is  converted 
by  water  in  a  sharply  defined  single  Interaction,  Into  potas^ium  hydrogen  pul- 
phate,  and  into  potassium  iraidosulphate,  a  substance  which  contains  all  tlie 
nitrogen  along  now  with  hydrogen.  This  salt  pa^jse^i,  also  sharply  and  by  a  single 
interaction  with  water,  into  as  much  more  sulphate  along  now  with  potassium 
amidosulphate,  which  latter  substance  contains  all  the  nitrogen  and  twice  as  much 
hydrogen  an  belonged  to  the  imidosulpliate.  Lastly,  the  amid()sulphaf>>  inter- 
acting with  water  gives  a  tliird  quantity  of  potassium  sulphate,  equal  to  the  last, 
and  uso  ammonia,  having  all  thenicrogen  of  the  nitriloitolphate  stuted  with,  three 
times  as  much  hydrogen  as  the  imido^nlphate,  and  nothing  else.  That  is  to  say, 
the  nitrilasulphate  and  tli«>  aninmniii  have  no  other  radical  than  the  nitrogen  the 
same,  while  three  single  interactions  have  been  necessary  to  separate  in  this  way 
the  nitrogen  radical  from  the  three  atoms  of  the  porassiumsulphooyl  radical. 
Theiefore*  the  nitrogen  radical  is  tervalent  and  Its  rjuantity  is  the  atom.  Again, 
there  are  three  atoms  of  the  univalent  hydrogen  radical  in  the  ammonia  molecule, 
because  in  each  of  the  three  interactions  an  equal  quantity  of  this  radical  is 
brought  in  from  water.  Ammonia  shows  only  one  pair  of  radicals,  behaving,  so 
far  as  its  own  interactions  go,  exclusively  as  a  compound  of  amidogen  and 
hydrogen,  and  these  radicals  are  referred  to  as  united  or  Dound  together  in  being 
ammonia.  It  is  only  the  iutijractions  of  its  derivatives,  primary,  secondary',  and 
tertiary,  that  are  indicated  by  treating  the  amidog(*n  aa  ultimately  nitrogen  and 
two  hydrogen  radicals.  But  this  involves  the  consideration  of  all  three  hydrogens 
as  bound  to  the  nitrogen ;  and  it  becomes,  therefore,  of  vital  importance  to  bear  in 
mind  that  the  hydrogen  radical,  proper  to  the  ammonia  itself,  is  bound  to  a 
nitrmren  radical  which  carries  also  tx>und  to  it  two  other  hydrogen  radicals. 

Chemical  formulaa  still  remain  to  be  considered.  They  are  fymbolisations  of 
deduftions  from  experimentally  a.«»certained  iMfts,  and  are  independent  of  tlie  inter- 
prulation  commonly  giveu  to  them  as  referring  to  the  minute  differentiated 
strnetnrs  of  subatanees.  A  chemical  equation  expresses  a  chemical  change 
(ju.iiititatively  by  means  of  chemical  formulie  which  are  mnivcnlar.  In  a  case  of 
double  decomposition,  therefore,  there  ar^'  four  fnrraulie ;  but  when  two  nr  more 
such  interactions  are  expressed  in  one  cfjiuition,  because  they  ocour  together,  the 
formulm  of  tnmtition-^abstances  do  not  appear,  and  then  numerals  before  formulae 
tell  tilt)  number  of  int^ractlona  in  which  separate  molecules  of  the  substance  have 
taken  part.  A  fornmla  represents  the  relative  interacting  quantity  or  molecule  of 
a  substance,  while  the  single  symbols  composing  it  stand  each  for  an  atom  of  the 
radical  of  a  certain  simple  substance  as  poasened  by  the  substance  formulated. 
The  eonnectuig  lines  and  dots,  and  certain  collocations  of  the  symliols,  indicate 
tho  association  of  the  simple  sadicala  aa  compowid  radicals  in  different  inter- 
actions. 
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"What  ia  symbol  it»ed  by  position  formulae,  aud  indeed  by  the  f  rmdaalt-iRsier, 
are  the  chemical  activities  ami  abilities  of  the  Hul)'irnr)Ct-»  and  iu  derivativa,  asi 
their  analogies  with  those  of  other  .-substances.    When  not  in  interactioD,  tsib- 
stance  has  oo  constitution  uud  no  formula.  It  is  certuinly  not  on  any  expenatfiAi 
grounds  that  it  can  be  regarded  as  some  spttiil  amngemeiit  of  trnfike  ptzti  1^ 
take  the  rimplest  case ;  if  we  start  with  sodium  hydroxide  and  symbolise  its 
cule  by  some  mark,  sncb  a.-^  X  to  })pirin  witli.  the  interaction  of  the  suhstaniv  wiri 
an  acid  leads  us  to  replace  the  X  by  two  >ynibols  and  a  conneetiup  mark.  *3k  o{ 
these  will  be  Na  for  the  sodium  radical  ^  let  the  second  be  Z  for  the  other  ndiol, 
and  let  a  dot  or  stroke  he  pieced  between  the  symbols  to  mark  thom  as  tho*  «f  i 
pair  of  radicals  in  interaction.   In  other  interactions,  such  as  that  with  lit^A 
potassium  acetate,  we  find  need  for  a  new  pair  of  symbols,  one  being  H  :  <:  :b 
liydrosren  radicnl.  while  the  other  may  be  Q.    But  it  is  ea^y  to  decompose 
molecules  of  sodium  hydroxide  in  one  operation  into  molecules  of  sodittiD,  hytiro- 
gen,  and  oxygen,  from  which  fact  we  learn  that  Z  is  replaceable  by  the  wi^ 
*  symbol  0-H,  and  Q  hy  0-Na.  Thus,  Na-Z  and  H-Q  become  equally  Xt-0  H, 
which  records  the  ultimate  radicals  of  sodium  hydroxide,  together  with  ail  iu 
interactions,  immediate  and  remote.    But  it  does  this  with  no  more  Implicatjia  / 
ppatially  placed  and  tied  ]>arts  than  is  made  by  e.\pressin<r  the  mea.-u.'^d  i'<^  t 
time  by  a  straight  line,  or  than  ia  to  be  foun<l  in  (•  seconcU  of  time,  or  lac'  asii^ 
third  power  of  a  number,  unless  we  specifically  conditbn  this  symbol  ss  rien^- 
metric.    A  formula  is  not  to  be  read — on  experimental  gionnds,  I  mesB-Hi  a 
symbol  of  ]iarts  juxtaposed  and  joined  on,  and  should  be  regarded  a?  an  iatncst* 
but  legible  monoirrani  telling  the  chemical  nature  of  the  substance.   Evt-ry  enaW 
in  it  is  to  call  to  mind  a  phase  of  the  chemical  activity  of  the  substance  or  oi  it* 
derivatiTes,  a  ])ha8e  that  may  be  for  the  time  as  the  substance  itself  to  the  iiifitf> 
gator,  just  as  a  pigment  substance  becomes  only  a  red  or  a  white  to  the  piiB(ff> 
For  example,  salt  is  often  nothing  more  than  its  chlorine  phase  to  the  cbeaust 
when  he  wants  only  a  soluble  chloride;  whether  it  is  of  potassiam,  to^aBf<s 
ammonium,  then  matters  not  to  him. 

The  double  linking  of  the  carbons  in  ethylene  is  a  symbolised  expressioo  m 
filcts,  without  reference  to  hypotheeis.  The  two  carbon  radicals  of  ethsMor  flf 
alcohol  behave  together  just  as  dotis  the  single  carbon  of  methane  or  tiie  sitn^ 
of  ammonia  in  beinp,  but  with  a  valency  of  six,  continued  to  other  compouacj 
devoid  of  all  the  other  radicals  of  the  ethane  or  alcohol — ^that  is,  of  the  hydm^i 
and  the  hydrogens.  The  quadrivaiency  of  each  carbon  is  made  up  by  tk  u.^ 
action  necessary  to  dissociate  or  to  bring  together  the  two  methyls,  whideoiBti 
as  a  unit  of  viilency  to  each  carbon.  Ethyl  hydrogen  sulphate' decomposes  ip-' 
sulphuric  acid  and  ethylene,  the  hydrogensulphate  radical  with  a  hydropeD  radical 
becomes  the  acid  as  the  one  product,  wliile  the  methylene  radicals  npain  }aiT  of 
as  the  two  methyls  had  done  when  ethane  was  formed,  thus  produciug  tli«  d*' 
saturated  substance,  ethylene.  Since  there  is  a  pe^chlo^ethyl^^ne,  the  feoosA  lin- 
ing mark  Alls  between  the  two  carbons ;  and  when  ethylene  paasea  Wk  to  as 
ethane  compouDd  t  wo  units  of  valency  are  displayed  by  it  without  the  cuhcv 
becorainjT  dissociated. 

Position  forraul.'u  of  isomerides,  such  na  those  of  propyl  alcohol  and  acetoi-^' 

S resent  no  dilHculty,  because  they  are  interpreted  as  tiie  expressions  of  ^di^ 
ouble  decompositions.  It  is  not  unfrequently  the  case  that  no  constitatioMl  ^ 
structural  formula  can  be  given  to  a  substance  which  shall  express  all  tlie  l*if^  , 
radicals  possible  in  its  interactions,  of  which  the  best-studied  example  is  tli^^ 
ethyl  acetoacetate.  This  state  of  things,  known  as  tautomery,  admits  of  no  o:h^' 
interj)retation  than  that  there  are  really  two  sub>tanct'S  e.xistent,  <»f  which  <>ne  6^.^ 
is  known,  the  other  or  so-Kudled  '  pseudoform '  ret^uiring  the  assumption  of  ^ 
existence  as  a  transition>subBtanoe  only.  The  notion  of  the  shifting  1?^^ 
radical  is  but  the  hyp<Uhetical  way  of  viewing  the  intervention  of  the  isBiW'^ 
cular  change  by  which  the  substance  becomes  its  *  pseudofonn.' 

The  cyclic  formula  of  l)enzene  fXprc'^M's  the  fact  that,  unlike  a  fattv  li.^'i^'^ 
carbon,  benzene  shows  but  one  pair  of  interaction  radicals,  hydrogen  an^  pb^ny** 
The '  ortho-/ '  meta-/  and '  para-'  positions  in  benzene  derivatiTea  are  ool/ 


Uigiiizea  by  Google 


TKANdACTiONb  OF  SECTION  B, 


575 


sndi  as  those  pertslniDg  to  other  non-eatumted 

compounds,  but  more  complex  to  unravel  and  more  varied  and  interestinpr.  It  la 
doubtful  whether  the  K^kule  ring'  does  not  remain  as  efficient  a  pymbof  as  any 
sterervrnraphic  substitute  yet  proposed  for  if ;  but  it  itsolf  is  purely  a  symbol  of 
chemical  interactions,  and  has  uo  spatial  sig^mQcance  other  than  what  may  l>e  put 
into  it  by  cooventioo.  'Adjacent/  'opposite/  acd  the  like  have  only  application 
litesally 'to  the  arrangement  of  the  ajrmbola ;  hut  if  the  aymholiaatioii  la  perfect 
the  '  oppoaita '  carbons  will .  as  a  matter  of  coiune,  always  indicate  the  same  point 
OOncerninjr  the  cheraicnl  interactions. 

Whether  the  chemical  formul.t)  for  the  lactic  aicids  are  b<*tt<T  arranged  in  a 
plane  or  as  a  tetrahedron  is  to  be  decided  by  the  facts  concerning  these  and  other 
aaymmetrie  carbon  compoands,  the  object  beioff  to  ayrabolise  or  formulate  as 
distinct  and  complementary  in  certain  phyBcal  properties,  but  alike  in  their 
chemical  intemctions,  two  isomeric  substances,  simultaneously  formed  in  molecular 
quantities.    Knantioniorphous  arrangements  of  the  respective  formulse  of  dextro- 
and  laevo-lactic  acids  lully  meet  the  case,  but  the  facts  are  in  no  way  exphiined  by 
these  formulae.   In  the  enantiomorphousl^  related  hemihedral  crystals  of  the  cor^ 
responding  salts  of  the  dextro-and  lfeTO-acids,and  in  their  opposite  rotatory  eflhct  in 
solution  upon  the  plane  of  polarised  light,  we  reoognise  something  like  a  tonloned 
state  of  the  w  hole  homog'eneous  substance,  .som»'thin<r  to  be  arcountt'd  for  by  pecu- 
liarltv  of  chemical  orij^^in,  but  not  somethiug  made  more  intelligible  by  any  imagined 
arrangement  of  uuhke  parts,    it  is  possible  to  give  an  account  of  the  chemical 
fteta  without  maHng  naenmce  to  mechanical  structure,  and  then  to  reason  about 
them  somewhat  in  the  following  way :  Given  the  case  of  a  substance  doubly 
•  quipped  with  the  power  to  take  part  in  a  certain  ij)tt'raction,  and  considering 
that  the  exercise  of  the  power  can  only  be  single,  and  that  it  cannot  be  made 
without  affecting  and  transforming,  or  perhaps  nuUitying,  the  second  equipment 
with  power,  predict  what  wiQ  happen.  That  is  the  pnsdiction  called  for  con* 
ceming  any  interaction  which  generates  an  asymmetric  carbon  compound.  The 
result  could  never  have  been  predicted ;  yet  how  natural  and  beautiful  it  is  when 
it  roraos  to  us  through  exp^'rimi  nt  enli'jflitened  by  the  genius  of  Pasteur,  1^*'  Bel, 
and  Van  't  HoflT!    That  an^wtr  is  that  a  twinue<I  substance  results,  one  indeed  in 
most  respects  and  chemically,  but  two  in  certain  physical  projierties,  characterised 
by  pressoting  phenomena  as  of  equal  and  bpposite  strains,  a  polarised  pair  of  sub* 
stances,  in  fact.    What  I  mean  by  the  double  «'quipraent  with  power  is,  of  coiu  se, 
till-  pair  of  identically  related  and  self-identical  radicals,  or  the  bivalency  of  one 
radical  wholly  and  directly  a.s'iociated  with  the  carbon  radical.    The  case  of  the 
oxygen  radical  of  aidchvdt;  is  that  of  the  bivalent  radical ;  the  other  case  is  that 
of  the  two  carboz^l  radicals  of  bydroxytartronie  add,  or  that  of  the  two  methr* 
lene  hydrogen  radicals  of  alcohol  which  these  carboxyls  have  replaced.  Toe 
te»ra!iedral  formula  with  its  reflected  form  admirably  symbolises  the  case  of 
euantiomorphously  related  pairs  of  aubstnnr»'s.    But  no  light  whatever  is  thrown 
upon  the  nature  of  this  pairing  by  the  tetrahedron  model ;  its  value  depends  upon 
the  fact  that  as  a  symbol  it  so  fully  matches  the  constitution  of  the  substances. 

Here  I  bring  my  summary  of  chemical  theory  and  its  formulation  without 
hypothesis  to  a  conclusion,  hoping  that,  to  some  extent,  I  may  have  impress«>d  you 
^vith  the  fact  that  the  exposition  of  even  advanced  {  hemistrv,  in  its  symbolic, 
VHjually  as  in  its  urdinury  language  and  nomenclature,  is  iiidependent  of  any 
hypotheiiis  us  to  tlie  mechunicully  and  chemically  dill'erentialed  .structure  of  sub- 
•tances,  and  that  diemistiy  can  be  studied  and  still  furthur  developed  without 
reference  to  such  a  structure.  I  have  asked  for  few  or  no  reforms  m  the  use  of 
eitlipr  terms  or  symbols,  my  point  bavin*."  VfTi  (tniy  to  press  for  a  consideration 
sind  discussion  of  the  doctrines  of  chemistry  and  tlie  great  atomic  theory  itself  as 
wmething  concerned  exclusively  with  experimental  chemical  facte. 
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The  IbUowuig  Papers  were  road : — 

1.  On  the  CorroitwH  of  Cojfper  by  Sea'H'atet\  and  on  lJus  Dctuct'mn 
Traces  of  Impurity  in  the  CommerekU  Metal,   By  Pnilessor  £.  A . 
Lett8|  Ph,D. 

2,  On  ExjterivientH  to  Asc^rfain  five  Amonnl  of  Carhonir  Anhydride 
nhsorhedjrnin  the  S'm-ffater  by  Air,  By  Profesior  E.  A.  Lbtth^  Ph^D^ 
and  W.  Caldwell,  B.A, 

3.  Tlo'  Artion  if  lllxf'xlhil  Water  upan  Lead, 
By  Professor  Frank  Clou  ks,  D.Sr. 

When  Irad  ia  placed  in  contact  with  ordinary  distillod  waft-r  chemical  action 
becomes  evident  hy  the  foriualioa  of  a  white  deposit  whicU  coutsins  lead|  and 
lead  IB  also  fbund  m  aolation  by  eheinical  testa. 

Thu  lead  appears  to  exist  in  solution  ia  the  form  of  hydroxide,  since  it  is 
removed  by  pas^inis:  fhf  Itrjuid  through  tilter-paptT :  this  (i\:iii.>ii  by  ceMulos*' of 
the  dissiolved  hydroxide  is  one  of  the  marked  properties  of  tlir  iiydroxide.  The 
hydroxide  is  leadily  removed  from  the  eelloloae  hy  dilute  acetic  acid. 

An  eiamioation  of  the  white  depodt  proved  that  it  was  a  h^'drosyearbonate 
CODtaining^  three  iuolecuh'3  of  carbonate  to  one  of  hydnivid**. 

It  would  be  inferred  from  tlie  above  fact^  that  t!ie  lead  is  probably  convert.Ml 
into  hydroxide  by  the  a^ion  of  the  dissolved  oxyceiif  and  tliat  the  aubsequeni 
action  of  the  disiolred  carbon  dioxide  ooiiTcrts  the  hydroxide  into  hydroxy* 
carbonate. 

It  Wiudd  apiK'ar  improbable  that  even  bright  lend  can  deconipos*-  water  with 
formation  of  hydroxide.  But  the  opinion  has  prevailed  that  the  action  of  distilled 
vater  on  lead  is  promoted  by  the  presence  of  carbonic  acid. 

The  nature  of  the  action  of  distilled  waff-r  upon  1  i  1  Wii^  studied  by  exposinsf 
brifflit  lead,  both  in  vacuo  and  in  an  atmosphere  ol  liydroj^en,  to  di^Mlled  wnt<  r 
which  had  been  freed  from  iii  dissolved  gases  by  boiling,  and  then  introducing' 
either  oxyfren  alone,  carbon  dioxide  alone,  or  mtxtnrea  in  varying  proportions  of 
oxypen  with  carbon  dioxide. 

Bright  sheet  lea<i  of  great  purity  when  exposed  to  boiled  distilled  water  ii« 
vacuo  or  in  an  atmosphere  of  hydrogen  waa  acted  upon  only  to  an  intiniteiiimal 
extent  (0-.'*  part  of  lead  to  one  million  parts  of  water).  This  result  waa  probaUy 
due  to  the  itupos-ibility  of  reraoviTi:^^  the  last  traces  of  0Xygen,and  it  negatives  the 
SUgge(*tion  of  any  direct  action  of  water  upon  U'ad. 

AVhen  the  lead  was  exposed  to  the  water  in  the  preseuce  of  the  diHereut 
artificial  atmospheres,  th«i  action  reached  its  greatest  extent  (0*023  part  of  lead 
per  1CK3  of  water)  when  oxygen  nlone  was  present;  Avith  carbon  diovicfe  the  action 
WAS  sli;:lit  (0  (X)55  per  cent.) ;  with  equal  volumes  of  ovygen  and  carbon  dioxide 
about  uu  ei^ual  effect  was  produced;  while  with  eight  volumes  of  oxygen  to  one 
of  carbon  dioxide  the  extent  of  thi>  action  approached  that  due  to  oxygen. 

It  is  evident,  then  fon'.  that  dissolved  oxygen  is  the  causp  of  the  action  of 
distiiit^d  water  upon  lea  l,  the  .'^ulwequent  action  of  c;irl>_)ii  dioxide  h^adiufr  'o  pro- 
ducliou  of  hydroxycark)uate.    It  is  further  evident  that  the  presence  of  carbon 
dioxide  in  any  large  proportion  exerts  an  inhibitory  etfect  upon  the  action. 

When  sheet  lead  is  immersed  in  ordinary  distilled  war.  r  with  free  exposure  to 
air,  it  is  found  that  the  rate  <jf  action  is  diminished  by  entire  immersion  as  com- 
pared with  partial  immersion,  but  that  iu  both  cases  the  total  result  produced  is 
ultimately  the  same. 

In  th(;  earlier  stage  of  tlie  abovp  inquiry  the  ordinary  aerated  distilled  water 
wa.s  freed  from  its  dissolved  gases  by  being  }>oil(>d  in  ^dnss  vessels.  When  this 
water  was  allowed  to  reaerate  itself  by  exposure  to  the  air,  it  did  not  r^aiu  its 
original  i)ower  of  acting  upon  lead.  This  waa  found  to  be  due  to  the  inhibitiTe 
power  of  silicatee  dissolved  from  the  glass,  and  the  inhibitory  power  varied  with 
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t]»  degree  of  eotatility  of  the  glass  when  veaiela  compoeed  of  difloient  kinds  of 

glass  were  used.  Boiling  the  water  in  glass  or  condensinpr  the  steam  in  glass 
tulxi  condensers  led  to  the  inhibitory  effect,  but  contact  ot"  cold  distilled  water 
with  cold  fflass  did  not  produce  the  result.  ComplicatioaH  arising  ixoui  this  cause 
mm  avouud  in  later  experiments  liy distilling  t  ho  water  from  a  copper  vessel  and 
OOndensiDg  the  steam  in  a  copper  tube  condenser. 

The  action  of  dit*tilled  water,  or  of  soft  waters  generally,  upon  lead  may  be 
considerably  reduced  by  dissolving  various  subsiauces  in  tliu  water.  Sulphuric 
acid  or  a  edlphate  was  round  to  m  most  eflkient  for  ibis  purpose,  carbonic  acid 
and  carbonates  {Mroved  lees  efficient,  lime  water  was  still  less  efiective,  and  even 
promoted  the  action  when  it  was  used  in  larger  proportion. 

It  has  been  stated  that  the  action  of  water  u|)ou  lead  is  due  to  the  presence  of 
bacteria  or  their  products.  Thie  cause  of  action  was  removed  in  many  of  the 
present  experiments  by  using  water  which  had  been  freely  distilled  and  then  boiled 
for  a  long  time,  and  by  bringing  it  into  contact  with  lead  which  had  been  melted 
for  some  time  in  a  sterilised  flask.  When  lur  filtered  through  cotton  wool  was 
admitted  into  the  flashsj  the  action  on  the  lesd  commenced  at  once  and  proceeded 
to  the  full  extent  whidi  is  attained  when  ordinaiy  lead  b  immersed  in  ordinary 
distilled  water. 


FRIDAY,  8EPTEMBSB  12. 
The  foUowiflg  Papeis  and  Report  wera  read 

1.  BydrO'Aromaiic  CvmpowndB  soAA  ^tn^e  Ifueleut. 
By  A.  W.  Oiiofl8i.BT,  D,Sc^  PkJ).-^^  Beports,  p.  120. 


2.  TiiA  UiKjUairabilili/  of  Establishing/  Standard  AtuUytieol  Methods, 

By  Bertram  Blount. 

The  author  directed  attention  to  the  growing  tendency  at  the  present  time  to 
apply  the  principle  of  standardisation  in  novel  directions.  He  discussed  tlie 
utulty  of  standardisation  in  general,  and  concluded  that  while  undoubtedly 
necessary  for  such  things  as  weights,  measures,  and  money,  its  desirability  for 
wire  und  sheet  gauges,  screw  threads,  and  the  like  is  less  incontestable,  and  the 
advantage  of  its  application  for  fixing  the  dimensions  of  such  structural  mate- 
rials OS  rails  and  rolled  joi.sts  is  debateable.  Still  more  doubtful  is  the  value  of 
standardising  methods  of  mechanical  testing  as  used  for  materials  employed  in 
construction.  The  author  holds  that  in  these  disputable  cases,  convenience  and 
expediency  should  be  the  sole  criterion.  The  manufacturer  is  usually  in  favour 
of  standardisation,  but  some  caution  must  be  exercised  in  accepting  this  pre- 
ferrnce  as  evidence  of  the  merit  of  the  proces,'?.  The  application  of  the  principle 
of  standardisation  to  chemical  analysis  was  then  discussed.  An  historical  rcsumS 
was  g^Ten  of  the  attempts  which  have  been  made  to  introduce  standard 
methods  of  analysis  of  various  materials.  The  work  of  the  British  Association 
in  providing  standard  samples  of  steel  was  dealt  witli,  and  a  distinction  drawn 
between  this  undertaking  and  the  establishment  of  standard  methods  for  the  analysis 
of  steel.  Reference  was  made  to  the  activity  of  American  chemists  in  promoting 
the  use  of  Standard  methods  of  analysis. 

The  author  considers  that  the  discordant  views  held  hy  different  chemists  as  to 
the  desirability  of  standardising  methods  of  analysis  is  due  in  some  degree  to 
want  of  mutual  under^jtanding.  There  are  many  arbitrary  metiiods  in  use,  e.y., 
for  the  exsmioHtion  of  water,  oils,  milk,  batter,  asphalte,'  manures,  and  feedings 
stuffs,  which  should  be  standardised.  True  analytical  proce-ises,  such  as  the 
determiimtiou  of  all  elements,  most  inorn^anic  compounds,  and  many  well-defined 
organic  bodies,  cannot  usefully  be  standardised.  The  plea  for  standardisation 
owft  what  force  it  poosesiee  to  aeoofnsio&  of  these  two  hcanchea  of  work.  The 
aathor  holds  that  the  selection  of  a  method  for  the  detenmoation  of  a  ^Mnffftl 
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entity  must  be  left  to  the  discretion  of  the  trained  chemist,  and  that  the  impo»- 
tion  on  him  of  a  standard  method  is  undesirable,  and  in  practice  unattaintble. 

The  agitation  for  standard  methods  has  arisen  in  great  measure  froa  dte 
of  discrepanciM  in  aoalyaifl  which  are  ineoovvniait  to  thetndvai 
injurious  to  the  chemist.  These  diierepancies  are  due  to  ba^l  sampUng  ai 
unskilful  work,  and  will  not  he  remedied  by  f»tandardi<»ation.  The  rrxij 
consists  in  more  careful  sampling,  and  in  more  accurate  and  skilful  aDaJpis. 
Uniformity  of  results  will  thus  be  obtained  irrespective  of  uniformity  of  metkd. 

The  mtitttion  of  the  works*  chemiat  wfts  ooMidered ,  and  the  eoodHM 
reached  that  he  mast  he  hotter  trained  and  bette:  paid.  The  extra  coittotk 
manufacturer  will  be  recouped  bv  the  pjentor  help  afforded  by  the  chemi<t. 

While  desirous  of  confining?  standardi.Mation  to  the  cheTuicn!  examination  li 
substances  for  which  arbitrary  processes  nlone  are  available,  and  while  condenmiai;' 
all  attempts  to  standardise  analysis  properly  »o  called,  the  author  is  of  opinaa 
that  eomething  more  than  a  policy  of  kusser  /aire  can  he  naefo)^  antetahen. 
He  adTocates  conferences  of  specialists  :ti  difihrent  hrsaehes  of  siialTsi^  t-r  tlm 
description  of  methods  and  their  critical  discussion.  These  confereneos  shonll  > 
purely  for  the  advancement  of  knowledge,  and  not  for  the  promulgation  of  ruV- 
By  their  influence  the  standard  of  accuracy  in  analysis  would  be  rai.^.  ami 
conootdaaea  of  resolts  aaeured  withont  recourse  to  the  nse  of  azhitiaiy 
eonTcntionil  methods. 


3.  The  Decomposition  of  Urea}    By  Chables  E.  Fawsitt,  Ph.D. 

The  author  ha«»  studied  the  decomposition  of  urea  into  ammonia  and  carbonic 
anhydride  in  aqueous  solution  at  00**  C.  a.s  a  problem  in  reaction  velx^irv.  He 
reaction  in  presence  of  either  aeid  or  alkali  would  be  expected  theoreticail?  to  be 
hi-  or  tri-molecuUirf  hut  the  experimental  results  show  that  in  these  csM»nd 
also  when  pure  water  is  used  as  the  solvent,  decomposition  prooeecls  in  leooid* 
anoawith  tne  formula  of  a  monomolecular  reaction.  This  apparent  anonnlr  i< 
explained  by  assuming  the  formation  of  nn  intermediate  product— namelr,  -f 
ammotiium  cyanate;  further,  the  presence  of  this  salt  in  the  solution,  &i  *o 
intermediate  product  and  not  as  a  by-product,  has  been  proved.  The  hydr(Jj«b 
of  urea  is  therefore  not  a  oaae  of  direct  saponification. 


4.  Repaft  on  the  delation  between  the  Atiorption  Spedra  and  ChaM 
CfmstUiUion  of  Orga/Mo  JSuhBianees, — See  Eeporta,  p.  99* 


5.  Beeent  Synthetical  RetetMTchea  in  the  Glucoside  Gttmi^ 
By  Dr.  £.  Fbaitklaitd  Abmsiboiio. 

If  anhydrous  hydrofren  chloride  or  bromide  he  allowed  to  act  at  ordln&iT 
temperatures  on  cither  of  the  two  isomeric  pentace^l-derivatives  of  ^lac<K«.^^ 
acetyl  radicle  attached  to  the  aldehyde  groiip  is  quantitatively  displaced  1? 
halogen,  giving  rise  to  isomeric  aceto-halogen-glucoses,  which  are  well-d«fiK^ 
crystalline  substances.  These  compounds  are  uf  considerable  value  as  sviit 
agents.  One  of  Ihem  was  made  use  of  hy  Michael  some  twenty  years  ago,  in  tiw 
form  of  a  syrup,  in  effecting  the  synthesis  of  helicin  and  some  other  glaco«de? 
derived  from  the  phenols.  In  ]iractico  the  interaction  between  the  halhydrii' 
and  the  acetyl-derivative  is  carried  out  in  sealed  tubes,  the  frai^es  being  liqoefi^ 
by  the  aid  of  liquid  air.  When  the  interaction  is  at  an  end  the  tubes  ai«>g>is 
immersed  in  liquid  air  in  order  to  allow  of  their  being  safely  opened.  TTniCi**' 
halogen-glucoses  are  completely  converted  into  the  alkylglucosided  by  ^'V'ff 
with  alcohols,  giving  nse,  when  methyl  alcohol  is  usedy  to  the  knoim  ^ 
/S-methylglooosidBe. 

■  ZriUekriftfmr  phytikaUtohe  Ckemie,  zlL  601. 
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As  the  gloeosides  are  obtained  in  a  pore  state  by  this  method  they  crystallite 

ithout  iDTioh  difHciilty.    The  ^-derivatives  are  specially  ea^  to  obtain,  whenaa 
^en  Fi:>cher's  method  is  used,  witich  involves  heatinpr  ft  mixture  of  the  sugar 
(1  alcohol  together  with  a  small  rjunntity  of  chlorhydric  odd,  the  greater  part 
the  product  is  the  a-glucoside;  the  luethods  therefore  supplemeut  one  another, 
•eriea  of  allgrl  derivatiTfls  of  fflucoee  and  of  galactose  hare  men  Inveetigated. 

Acdto^halogm-deiivatives  of  both  maltose  and  milk  sugar  have  been  prepared 
id  the  former  converted  into  tlm  rorn^^pondinfir /^i  m<  thylmaltoside — thf'  simplest 
^  of  a  trisaccharide.  The  Ix'havioiir  of  this  compound  towards  enzymes  is 
«cially  interesting.  As  Fischer  has  shown,  maltose  is  an  o-glucoside/  but  in 
le  synthetie  eompound  the  methoxy- group  is  Introduced  in  the  /^-position, 
ethylmaltoside  is,  in  fact»  a  double  n^-plucoside  similar  to  the  natural  ghieo- 
ie  amygdalin,  and  resembles  this  latter  in  its  behaviour  with  yeast  maltase,  the 
»lto?e  part  of  the  molecule  beinp  liydroly>od,  so  that  methylglncosid'"  nnd 
iicose  are  formed;  on  the  other  hand,  when  suhjectHl  to  the  action  of  emulsiu, 
e  maltoside  is  resolved  into  methyl  alcohol  and  maltose.  An  exactly  analogous 
ihavionr  is  shown  by  the  corresponding  phenohnaltonde. 

Recently,  ^-acetochlQro*derivatives  of  sugars  have  been  prepared  by  Gflmnip  by 
e  action  of  phosphorus  pentnchloride  and  aluminium  chlorid*'  on  tho  pentacetyl- 
rivatives  :  but  in  this  case  molecular  rearrangement  tnkf»*<  place,  both  the  o- 
id  ;:^-pentacetat«s  giving  the  same  chloro-derivatives.  The  investigation  carried 
it  by  the  author  has  shown  that  the  /S^halogen-derivattTes  are  the  more  stable, 
id  that  in  presence  of  alkali  the  a-  are  rapidly  converted  into  the  ^-derivatives, 
bich  is  a  definite  proof  that  the  isomerif»m  and  likewise  that  of  the  glucosides 
stereochemical.  This  instability  has  unfortiinntely  prevented  a  synthesis  of 
jh  a-jjlucosides  of  the  phenols ;  and  it  is  of  interest  to  note  that  nearly  all  the 
itnrai  glucosides  which  have  been  physiologically  tested  belong  to  the  ii-&Qnea. 


6.  The  Si/iUhetieal  Action  of  MnsgymoB, 
By  Dr.  £•  FbakklahO  Ajuutbong, 

It  has  long  been  known  that  eDS|mes  have  the  power  of  inducing  hydrolysis, 
irticularly  of  di saccharides  oontatmng  a  'glucosi de-linkage,' but  the  obsenraikion 

'  <'roft  liill  that  f'nzyme.s  can  also  effect  synthetical  chancres  is  of  quite  recent 
iie;  Ids  experiments  have  shown  that  when  maltose  is  hydrolysed  hy  raaltase, 
t6t  as  in  the  cose  of  the  hydrolysis  of  esters  by  acids,  a  reversible  action  takes 
Itoe  in  concentrated  solutions ;  and  that  in  coDoentiatod  solutions  of  y>1aoose  m 
saccharide  is  formed.    Some  uncertainty  exists  as  to  the  nature  of  this  sugar, 

1  elainoing  that  it  is  maltose,  wlierea.'*  I'^ninu^rlinfj:  contends  that  he  has  ideiititied 
I  V  mrans  of  the  phenylosazoni-  with  isomultose.  J5earin<]:  in  mind  the  great 
iicuity  experienced  in  purifying  and  characterising  the  osazonesof  disaccharides^ 
18  impossible,  on  the  strength  of  this  one  derivative  alone,  to  decide  the  oues- 
OB;  but  as  Emmerling  has  shown  that  the  sugar  formed  Is  not  fementea  hy 
■op  yeast/  it  may  be  concluded  that  it  cannot  be  maltose. 

''roft  Hill's  conrhision  that  enzymes  exercise  synthetic  functions  has  been 
etitied  by  the  lator  cbst  rvutions  of  Kastle  and  Loevenhart  and  of  Ilunriot  on 
pase,  the  enzyme  by  wiiicii  fats  are  hydrolyK'il,  these  observers  having  shown 
ist  m^  enzyme  is  capable  of  prodnein^  both  esters  of  ihtty  acids  and  glycerides. 
B  these  cases  stereochemical  isomerism  is  out  of  the  question,  and  the  products  are 
Icntieal  with  the  natural  sub-stances.  Emmerling  ha-^  al-  *  <lenion«t rated  that  the 
^thesis  of  amygdalin  from  mandelio-nitrile  glucoside  and  glucose  may  be  effected 
y  means  of  maltose. 

It  is  interesting  to  note  that  Fischer  has  proved  that  isomultose,  not  maltose,  is 
mned  1^  the  action  of  acids  on  glucose,  snowing  that  in  their  case  the  action 
I  not  ftdctly  aoaJogooa  to  the  rereralhle  hydrolysis  of  esters  by  acids,  and  it  Isy 

'  a-^lti60sides  ate  those  hydrolysed  by  maltase,  ^•glncoside8  those  hydrolysed  by 
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Uunrtfote,  the  more  y)!^)^^  that  iiwiiialtcMe  ahonld  be  formed  bv  the  amnion  of 
enzymes,  aa  their  In-haviour  in  otlier  respects  resembles  that  of  acids.  I  nfortn- 
natelj  nothitig  it  kjiowa  as  to  the  relationship  of  isomaltose  to  maltose,  and  it  is 
impoMtble  to  ttj  wlieth«r  they  are  mArelj  the  a-  and  jS-glaoonde  forma,  or  w1i«dier 

they  differ  as  regards  the  cerMMi  atom  to  which  the  glucoside  linkage  is  attached. 

The  author  has  been  cngn?  ''!  in  studyiii^r  Inctiue  in  cnnj unction  with  Professor 
E.Fischer,  and  they  have  been  able  to  deuiooj^trate  that  this  enzyme  is  one  of 
thoee  which  are  capable  of  inducing  synthetical  ebanges. 

It  was  found  that,  whereas  the  action  of  lactate  on  milk-sugar  waa  at  first 
hindered  and  ultimately  stopped  entirely  by  the  ])rF?ence  of  the  inon  isaccharides 
to  which  it  gives  rise,  when  the  amount  of  these  was  further  increased  a  change  in 
the  reverse  direction  took  place.  Accordingly  the  enzyme  was  kept  for  some  time 
at  36^  in  a  eoncentrated  aolntion  containing  equal  parts  of  galactoee  and  glucose, 
toluene  being  added  as  an  antiseptic.  Both  ibe  reducing  power  and  tlu'  optical 
rotatory  power  of  the  solution  diminish(>d  steadily,  and  the  phenylbydraeiue  test 
showed  that  a  sugar  was  present  capable  of  forming  an  osuzone  which  was  easily 
eoluble  in  hot  water.  The  tests,  in  facty  united  in  proving  that  a  dieaodiaride  had 
been  prodncfHl.  After  three  weeks  the  rotatory  power  of  a  dO  per  cent,  solution 
had  fallen  by  about  16  20  per  cent.,  indicating  tiiat  rougbly  20 -2o  per  cent,  of  the 
glucoee  bad  been  converted  into  disaccharide  ;  this  couclu«>iou  was  confirmed  by 
the  change  in  the  redoetog  power.  The  isolation  of  the  sugar  iu  a  pure  state  iiaa 
not  yet  betn  effected. 

Tbe  properties  of  its  phenylosazone  resfmblo  those  of  phenyliactosazone.  More 
light  has  been  thrown  on  the  nature  of  the  sugar  by  the  study  of  its  behaviour 
towards  other  enzymes.  Having  proved  that  the  sugar— which  has  been  termed 
provisionally  Isolarfnue — is  unfermentable  by  *  top  yeast,'  t4ie  solution,  obtniru  il  m 
the  manner  described,  was  lx)iled,  diluted,  and  subjected  to  fermentation  iu  order  to 
remove  tbe  msjor  portion  of  the  uncbauged  monosaccharides :  it  was  then  concen* 
trated,  and  its  behaviour  studied  towards  '  bottom '  yeast,  emulsin,  and  kefir 
lactase.  A11  the  usual  precautious  were  observed,  thf  extent  to  which  changes 
took  place  111  tbe  solution  was  ascertained  by  det*  rmining  its  reducing  power  and 
its  rot^ioi  v  power,  when  possible,  and  especially  by  means  of  the  phenvlbvdraxine 
tsst. 

In  this  way  it  was  proved  that,  whilst  isolactose  is  entirely  fermented  by  *  bottom 
yeast,'  and  bydrolysed  by  lactase,  emulsin  is  without  any  action  upon  it.  Tnbulat  iii^ 
the  behaviour  of  the  natural  and  synthetic  sugarr^,  it  is  obvious  that  the  two  ai-e 
distinguished  by  their  behaTiour  towards  bottom  yeast  and  emulsin ;  tbor  rela- 
tionship i«,  therefore^  of  the  same  order  as  that  which  obtaina  between  the  a>and 
iB-alkyl-giucoeides. 

Top  Yeast       Bottom  YeatI       Emnlain  Lactanc 
Milk'SUgar.      .    unchanged      unchanged      hydrolysed  hyrholjsed 
Isolactose  .      .   unchanged      fennented      unchanged  hydrolysed 

It  is,  at  any  rate,  certain  that  milk-sugar  is  not  formed,  so  that  in  the  case  of 
lactase,  as  in  that  of  maltase,  a  sui^ar  isomeric  with  that  normally  hydrolysed  by 
the  ensyme  ie  obtained  as  the pnxliK  t  of  it.s  synthetic  activiry. 

Lactase  also  exercisef  a  reversible  action,  though  to  a  much  lef^5  extent,  in  a 
concentrated  solution  of  (glucose.  In  this  case,  also,  a  disaccbaride  is  formed  which 
is  characterised  by  yielding  a  very  soluble  phenylosazone.  On  the  other  hand, 
little  or  no  synthetical  action  is  effected  by  lactase  in  a  solution  of  galactoee. 

Finally,  experiments  carried  out  in  an  exactly  similar  manner  with  ejnv^.<in 
show  that  this  enzyme  is  also  capable  of  etl'ectiug  synthetical  changes,  and  that  il 
acts  iu  a  particularly  rapid  manner.  The  maximum  of  reversion  is  eflected  in  a 
eoncentrated  (50  per  cent.^  solution  containing  equal  parts  of  glucose  and  galactose, 
an  equilibrium  being  arrived  at  when  about  20  cent,  of  disaccbaride  is  present 
Reversion  also  ijilces  place  in  a  concentrated  solution  of  glucose  under  the 
influence  of  euiul?in.  The  products  allbrd  i>lienylusa7.ouea  which  are  easily  soluble 
in  hot  water,  and  are  not  fermented  by  top  yeast,  but  esally  Igr  bottom  yeast. 

It  may  therefore  be  rsgnrded  as  establistied  that  the  eo^jmes  which  indnoe  the 
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hydrolyftia  of  glucr sides  are  aUo  cajinlM  -  of  nct'ng-  roveraibly  in  concentrated 
•olutions  of  tbe  glucoses;  the  disucciiAniies  which  are  thu«  produced,  ho wtjver, 
WB  isomeric,  not  identical  with  those  nonDtily  hydrolysed  by  toe  etuymes,  nd  ii| 
this  respect,  therefore,  the  condensing  action  of  ensymes  is  oonpanble  with  that 
of  ooQoentiated  solutions  of  mineral  aoids. 


7.  Th0  Telluric  JHitrihutian  of  the  SUmentM  in  HelaH&n  to  their  Attmtie 
Weights,^   Jtjf  Wiluam  Ackbotd^  FJ,C, 

In  the  radenrour  to  arrive  at  new  &c'8  rsspeetingf  the  diatritution  of  the 

elementft,  the  purchasing  power  of  a  given  sum  is  taken  as  an  indication  of  plenty 
or  rarity.  Thus  four  ^'uiripa-  will  l)ay  1  ounce  of  gold,  42  otince*  of  silver,  and 
i^,28(i  ouDces  of  copper ;  ib6  ounces  of  sodium,  2(i  ounces  of  potassium,  0  005  ounce 
of  mbidium,  and  CrOSO  ounce  of  aMnn.  In  each  of  these  natural  groups  the 
Tarit]|rof  the  element,  as  indicated  ^B^f  such  distribution  figures,  increases  with 
atomic  weight.  The  limitntion<4  of  the  method  are  dealt  with.  Some  forty-fiTO 
tfxamples  are  calculated  and  tabulated. 

The  results  of  caleolstiooa  of  the  absolute  tellnrie  dittfi&ution  of  cfalorine, 
bromine^  and  iodine  are  also  giveoy  as  foUowa 


1  • 

h 

e 

b 

Atenie  weight 

Relative  diRtriVuition  in 
per  cent,  of  earth  s  inuHs 

Atonis  diakribotion 

36-5 

4-MxlO-« 

01MxlO-« 

• 

5-83  X  10  • 

0-0728  X  10- • 

I 

127 

0-0469  X  10-» 

The  inver5;e  relation  of  distribution  to  atomic  mass  here  is  pointed  out,  and 
nlso  the  remarkable  fact  that  as  hronnne  is  intermediate  in  iQafs,  so  alap  is  it 
intermediate  in  absolute  telluric  distribution  in  this  group. 

Tbe  eosmieal  importance  of  the  subjeet  is  shown  in  dealinpr  with  the  ezeefi- 
tions — gome  of  tho  lightest  non-metals  and  the  heaviest  of  metals.  The  general 
conclusion  is  drawn  that  in  the  genesis  of  the  elements  from  protyle  less  and  less 
atoms  of  highest  mass  w«re  evolved,  and  that  the  universe  become  ^'ervaded  ty 
|he  greatest  quantity  of  those  atoms  which  hare  the  lowest  masses. 


SATUnDAT,  aEPTSMBBB  13. 

The  Section  did  not  meet. 


MONDAY,  SBPTSUnER  15. 

The  foHowingr  Bs]iefa  and  Koporta  were  read  :^ 

1.  Our  Vresent  Knotvledge  of  Aromatic  Diaso-compovnds, 
QitBBBT  TB0VA8  MoBOAiT,  2>.iSc.,  F,L€,^Qee  Beports,  p*  181, 


*  Pgblisbcfl  ip  full  ip  the  Chtwi.'d}  A>frf,  vol.  Izxxvi.  p.  187. 
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%  The  Colour  of  lodino^oniaining  Compoundi.       Mitt  lot^SoMV. 

Professor  H.  E.  Armstroog  ^  has  for  some  years  contended  that  a  geDCfsfialSoi 
may  be  made  ae  to  the  molecular  atructiune  of  eubetanoes  which  are  TiaiVly  coloured 
in  the  oonrentional  acceptance  of  the  term,  since  almost  all  coloured  orpixk  nib- 
stances  may  be  represfnted  by  a  'quinonoid'  structure,  if  th»»  t^rm  'quit  rid' fe? 
regarded  as  inoluainLr  any  compound  which  contains  at  lea>t  three  ctfntres  Liruj^: 
gome  iutluence  on  the  passage  ot'li|^ht  through  the  molecule.  From  tbispoii^ui 
view  he  regards  iod(tfontt  as  a  qiunonotd  sulMtance  in  which  the  thrae  isfim 
atoms  act  as  oenties  oo-operatin^  to  produce  colour. 

Substances  contain ing  iodine  may  be  divid.'d  into  two  classes — colourpd  trd 
colourless.  Does  any  distinctive  similaritj  of  structure  exist  in  the  ooloursdiodiiK- 
containiug  compounds? 

Of  the  molecular  condition  of  solid  iodine  nothing  is  known ;  in  eololinitk 
pttmber  of  atoms  in  the  molecule  probably  lies  between  two  and  four.-  Tbt-  riokt 
vapour  up  to  700**  C.  consists  of  ui-atomic  molecules ;  but  completely  dis^i&ted  o: 
gaseous  mon-atomic  iodine  is  described  k-^  colourless.  The  iodine  halogen  coa- 
pounds  are  also  coloured,  the  moiuj-cliloride  mii<  h  more  intensely  than  the  tc- 
chloride.  When  iodine  acts  as  a  trivaient  element,  combiuatiou  with  one  diloriv 
atom  is  insufficient  to  produce  colour:  thus  di-phenyl  iodonium  chloride  (iPt.Cl) 
is  colourless,  but  phenyl  iodide  chloride  (IPhCl  j)  is  yeUow. 

Since  the  iodine  atom  itself  is  probably  colourless,  the  colour  of  the  compran!* 
must  be  attributed  to  the  mutual  effect  of  the  halogen  atoms.  Further,  a  ccoi' 
parison  of  the  iodine  chlorides  shows  that  the  tendency  to  produce  colour  is  gresta 
where  the  iodine  atom  is  not  fully  saturated. 

Amongst  the  compounds  of  iodine  with  other  elements,  the  readinssi  witlt 
which  double  iodides  are  formed,  the  compar%dve  insolubility  of  mauv  of  the 
iodides,  and  the  colour-changes  they  undergo  on  lieatinfr,  suggest  that  their  naole- 
cular  structure  is  more  complex  than  is  usually  rt  pn'sented.  Nearly  all  the  mono 
and  divalent  elements  give  colourless  iodides,  and  it  is  probable  that  the  coloured 
di-iodides  are  really  polymerised.  Mercuric  iodide,  ibr  instanos,  whidi  entsia 
two  coloured  isomeric*  forms,  ^ives  a  colourless  vapour,  the  density  of  vUcfc 
OOnesponds  with  the  simple  formula  Ilgl.,..  Among  organic  suhstanre-^  the  eieep- 
tional  case  of  di-iodoacetic  acid  and  its  salts,^  which  are  oil  descnbed  as  yeUov, 
needs  further  investigation. 

In  the  case  of  tri-iodides  and  higher  iodides  generally^  the  appeeiiBesof  eolmr 
is  determined,  not  only  by  the  number  of  iodine  atoms  present,  but  dso  ht  tl^ 
condition  of  the  iodine.  Thtis  the  nitrogen  group  of  elraeenfes  form  deeplj 
coloured  tri-iodidfs,  while  tlie  tri-iodidos  of  boron  and  aluminium  are  colourfe*. 
In  hydrocarbon  derivatives  the  three  iodme  atoms  must  }r'  a&sociated  withth^  esnw 
carbon  atom  in  order  to  produce  colour,  as  in  iodolurm  ;  poly-itxio-derintifttis 
which  the  iodine  atoms  are  joined  to  different  oaibon  atoms,  ss  in  tmodotessr, 
being  colourless. 


3.  On  a  Fourth  Methylmorphlmethine.*    By  J.  Hawthorne,  B.L 

Three  isomeric  methylmorphimethines  have  been  \vp  to  the  present  descrilri 
whilst  the  most  recent  formulas  suggested  for  these  bodies  indicate  the  ejusteoci 
of  a  fourth. 

o-methylmorphimethine  was  first  obtstned  by  Hesse  and  Grimsaz  bf  tk 

action  of  caustic  potash  upon  codeine  methiodide ;  by  the  action  of  skohofie 
potash  and  other  reagents  it  yields  /3-methylmoq)himethine. 

The  third  isomer  was  prepared  by  Schrvver  and  L^s  *  by  the  action  of 
caustic  potash  upon  isocodeine,  and  was  named  by  them  methylisomorpbiaituui^i 

>  Proe.  0,8,,  1892.  •  Loeb.,  Ihmt.  C.S,^  1888. 

■  Perkin  and  Duppa,  Annalcn,  185. 

*  The  paper  is  pubUshed  in  full  in  the  SerichU^  XSXf,  p.  8010. 
»  Trant.        vol.  Uxiz.  1901. 
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ilthough  they  ascribe  to  it  a  different  structure  from  the  a-  and  /9-0(mipoiliidl  it 
BAT  for  the  8akt'  of  uniformity  be  called  y-methylmorphimetbine. 

Working  under  the  direction  of  Professor  Knorr,  of  Jeim,  the  author  has 
tbt&ined  a  fourth  isomer— ^-metbylmorphimethiQe — by  boiling  the  y-derivative 
br  aome  time  with  akoholic  potaah,  a  method  analogous  to  that  used  in  preparing 
he  /3-  from  the  a-form.  ^-metbylmorphimethine  foxms  well-defined  prismatic 
crystals:  it  is  spnrinf^ly  sdluble  in  ether,  but  easily  in  methyl  find  ethyl  alcohols, 
jhloroform,  benzene,  ethyl  acetate,  nnd  acetone.  It  melts  at  about  112°  O.^  and 
a  methyl  alcohol  it  gives  a  specitic  rotation  of  +  256°. 

The  methiodide  of  ^'nethylmorphimethine  crystalliseB  from  water  in  feet* 
ngttlar  plates^  melting  at  282^  C.  and  giving  the  specific  rotation  +161^  It 
also  he  prepared  directly  from  the  y-methiodide  by  boiling  the  latter  for 
-ome  time  with  dilute  caustic  potash.  A  similar  traDsformation  of  a-  into 
:^meth iodide  was  effected  by  Ilesse. 

The  h«»iisoate  of  the  new  base  crystallises  in  tine  needles,  and  in  09  per  cent, 
iteohol  has  a  speeifie  rotation  of  4>  181^,  as  against  -¥  41®  for  the  ^-derivative. 

The  research  is  not  yet  finished,  hot  the  results  already  obtained  supnort  the 
^^nr  as  to  the  existence  of  two  asymmetric  carbon  atoms  in  the  molecoleol 
mOTphine  and  its  immediate  derivatives. 


4.  The  Alki/laiion  qf  SugoTB, 
Bff  Tho6.  Pubois,  F.JS,8^  and  Jambb  O.  Irtihb,  BJSc,^  PLD, 

Th«  method  of  alkylating  hydroxyl  groups  by  means  of  a  mixture  of  silver 
oxide  and  alkyl  iodides  does  not  appeal*  directly  applicable  to  aldoses  or  ketoses, 
sod  rssnlts  in  oxidation  and  subsequent  changes  or  some  complexity.  By  means  of 
this  reaction,  however,  the  authors  have  succeeded  in  alkylating  methyl  glneoride 
with  tlio  formation  of  tri-methylic  and  t«tra-methylic  methyl  glucoside  ethers,  com?- 
pounds  from  wliifh  alkylated  .'ildoses  can  presumably  be  obtained  on  hydrolysis. 

Tn-niethyiic  inethul  glucoiide  ether. — The  methyl  glucoside  used  in  the  pre- 
panUon  was  obtained  by  heating  glucose  in  GH^OH  solution  with  HQ  fat  fifty 
Wure  at  100^,  The  glucoside  (meltiug-pomt  16^-167*')  was  dissolved  in  boiling 
IT"'  'hyl  alcohol,  and  a  large  excess  of  the  alkylating  mixture,  in  the  proportion  of 
iw  1  molecules  iodide  to  one  of  oxide,  {gradually  ad(ie(l.  After  all  action  ceased,  the 
luixture  was  boiled  under  a  condenser  lor  over  an  hour,  and  liltered. 

On  removal  of  the  alcohol,  the  filtrate  was  extracted  with  ether,  and  after 
flying  >Dd  evaporation,  the  neutral  syrupy  eztnct  wss  distilled  in  vacuum  from  a 
graphite  bath.  An  extremely  thick  colourless  liquid  passed  over  hetween 
under  V2  mm.  pressure,  and  after  refractionation  a  sample  «mve  on 
anaiysi.v  fiL'uri"^  in  close  agreement  with  the  calculated  numbers  for  tii-methylic 
metli^i  glucoside  ether: 


CHOOU, .  CHOOH, .  CHOC  FTa .  Cli .  GHOCU, .  CH,OH. 


A  molecular  weight  determination  showed  that  no  rupture  of  the  molecule  had 
^jwrred,  and  the  metboxyl  content  of  the  compound  was  contirmod  by  Zeisel 
cMenninations. 

The  higher  fractions  obtained  in  the  vacuum  distillation  were  extremely  thick, 
the  leeults  of  analyses  showed  these  to  consist  of  incompletely  methylated 

glucoside. 

Tri-methylic  methyl  glucoside  is  optically  active,  a  5  per  cent,  solution  in 
*mol  showing  a  spedfle  rotation  of  -i- 126*75°  at  20°,  whilst  for  the  pure  sub- 
it&nce  (a)i>«i^  ^  + 129*39?.  The  compound  is  soluble  in  water,  alcohol,  ether,  and 

oit'thyl  iodide,  and  the  aaucous  solution  has  no  action  on  Fehling's  solution  until 
iijdrolised  with  HCl,  when  the  aldose  produced  in  the  reaction  effects  ready 
iMuction. 

'^ttra-inetht/lic  methyl  ylucoaide, — Tlus  compound  was  prepared  by  ^ddin^ 


I 
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•ilyer  oxide  to  a  solution  of  the  tri-metliylic  etlier  in  a  large  excew  of  metbjl 
iodide,  ftnd  boUin^  the  mixture  for  Bereral  hom.  After  filtering  and  evaponting, 
the  product  was  distilltHi  in  vHcuutn,  and  tetra-niothylic  methyl  glucoode  obUuned 
an  a  colourkv^s  fairly  raobilf  liquid,  boiling  at  144°  145°  under  17  mm,  prP5:<sure. 
In  different  nreparationa  the  boiling-poiot  was  the  bame,  and  satisfactory  rt«ulta 
•were  ohtelaea  ia  the  eomhustiona  and  Zeiael  determinatioiis.  The  ipeeific  iotAtk» 
At  20°  of  the  pure  aabaUnee  proved  to  he  + 127*88*,  whihtafi  per  cent.  aolatMii  in 
alcohol  gave  (o)„«p-  + 12778^ 

Sydrolym  of  tke  Compottndt, 

Both  tri-methylic  and  tetra-methylic  mi>thyl  glucoode  when  hvdrolised  give 
compounda  capable  of  reducing  Fehling  8  solution,  and  therefore  [trobably  coataiii- 
iQg  an  '  aldose '  structure.  On  hy'lrolysis  of  thf  tri-metliyllc  etht  r  by  means  of 
90  per  cent.  IICl,  a  colourless  gum  was  isolated  from  the  reaction  pn>duct'«,  which, 
aim  drying  at  1 10°,  gave  figures  on  combustion  approximating  to  those  required 
for  tri-methyl  glucoue.  The  substance  reduced  both  Fehliog's  solution  and  an 
ammoniacal  solution  of  silver  uitrate,  and  a  qualitative  Zeisel  experiment  allowed 
that  the  methoxyl  groups  had  survived  the  hydrolysis.  So  far  this  body  hoa  not 
been  obtained  in  a  state  of  purity,  but  we  are  at  present  engaged  in  the  preparatioii 
of  the  compound  on  a  larger  scale,  with  a  view  to  examining  its  properties  and 
investigating  the  special  rt'artion?*  of  ^vl^ich  it  is  capable.  'kVo  liltewise  hope  to 
publish  shortly  an  account  of  the  alkylated  glucose  oljtainabli'  from  the  tetra- 
methylic  methyl  glucoside,  and  to  continue  our  experiments  on  other  alkylated 
an^gus  whieh  are  ahnadj  partly  prepared  and  examined. 

Alki/latiun  of  Acffonfi-rhamnotitdr. 

According  to  Fiaoher's  formula  for  acotone-rhamnoside,  the  compound  pon- 
taina  two  hydroxy!  groups,  and  we  tind  that  the  eilver-oxide  reaction  can  be 
•oooetefnlly  carried  oat  on  the  suhetanoa  with  the  formation  of  di-nethjUe  aeetone- 
rhamnoside. 

The  rhamnoside,  when  dissolved  in  acetone,  reacted  energetically  with  ^^ilvHr 
oxide  and  methyl  iodide,  and  after  filtration  and  evaporation  the  product  was 
diitiUed  in  Tscnum.  Complete  alhylation  was,  however,  only  obtauied  hy  di^ 
aolving  the  distilled  product  in  methyl  iodide  and  repeating  the  treatment  with 
silver  oxide.  On  distillation,  a  colourless  pleasant-smellin*.'  oil  was  obtained 
(boiling-point  =115^-1 18°  under  11  mm.  pressure),  which  the  combustion  and 
Zsisel  results  showed  to  he  di-methylic  acetone^amnoside. 

The  comnound  is  soluble  in  the  ordinary  organic  solvents^  and  has  seavosly  any 
action  on  Fehling's  polution  until  hydroH-sed  with  IICI. 

A  6  ^r  cent,  solution  in  acetone  had  a  specitic  notation  of  ai  'Jif,  this 

result  heug  in  sharp  contrast  to  the  vslue  of  (a)  i,  for  thi^  parent  snhstance,  whish 
squab  -f  17*4°. 

Presumably  the  compound  on  hydrolysis  splits  off  a  molecule  of  acetone  and 
gives  a  di-methylic  rhamuose,  just  as  the  rhamnoaide  itself  vieldo  acetone  and 
rhamnose.  We  are  at  present  engaged  in  the  inveetigation  of  tms  vsaction,  and  it 
is  our  intention  to  examine  the  hydrolysis  pvodoct  in  dataili  with  a  view  to 
establishing  its  lesetions  and  constitution. 

Q,  Report  on  the  Collections  of  StatUt'ica  conceminy  the  Training  oj 
ChemiHtg  employed  in  £ii0lish  Cliemical  Jnduatries*^8ee  Ii«ports^ 
p.  97. 


6.  Report  on  liomerie  JTaphtkakM  lhrivaiive$,»  Seo  Beports,  p.  176. 


7.  R^pnH  on  Isomoryhous  Sulphonie  Derivatives  of  Benzene, 

Bee  Reports,  p.  180. 
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8.  The  Reduction  of  auine   Metallic    CUoruUs   by   Calcium  Carbide. 
Bji  ICi^r  W.  E.  EowABD8»  E.A.^  Captain  G.  H.  Litbing,  R,A.^  and 

Manj  metallic  oxides  are  reduced  to  the  metal  when  heated  with  calcium 
eaiWda.  It  it,  however,  an  inoonveideiit  ledaci ng  agent  for  oxidM  on  account  of 
Iti  infonbilitj. 

It  occurred  to  us  that  it  might  be  useful  in  the  case  of  some  metals,  as 
cerium,  chromium,  mauganese,  and  others,  the  oxides  of  which  are  not  easilj  or 
not  imictically  redneible  by  carbon  in  ofdioarj  furnaces,  if  it  would  act  upon  the 
dbJoride.s  or  fluorides  of  the«e  metalt. 

The  tirst  experiment o  were  made  with  cerium  chloride  flimpljr  becauaa  we 
were  trving  to  obtain  some  alloys  of  that  metal. 

Oerfom  oxide  if  easily  cooTerted  into  chloride  bv  heating  with  an  excess  of 
ammonium  chloride*  On  hMting  a  mixture  of  this  doloride  with  finely  powdered 
carbide  there  was  a  decided  reaction  in  so  fnr  that  calcium  chlonde  was  formed 
and  an  infusible  black  granular  subbtauce  which  appeared  to  be  a  compound  ur 
miztore  of  oerium  and  carbon  with  some  unohan^ied  carbide. 

A  mixture  of  cerium  chloride,  calcium  carbide,  and  copper  in  filings  gave  in 
the  first  experiment  an  alloy  of  copper  and  cerium  cont(iinin<>  about  <>  per  cent, 
of  the  latter  metal.  This  alloy  i«  very  tough,  but  not  appreciably  harder  than 
oommereial  Wf^tx* 

We  have  iinee  obtained  alloya  oonsiderably  richer  in  cerium,  and  we  are 
examiniof  the  propertiee  of  aome  alloys  of  this  metal  and  also  of  didymium  with 
copper. 

Manganese  chloride  la  equally,  if  not  more  easily,  reduced  by  carbide,  and  we 
find  it  a  oompuatiTely  easy  method  of  fimnation  of  manganese-copper  alloys. 

Iron  and  nickel  are  not  quite  ao  eouTenient  to  employ  with  carbide,  as  muob 
carbon  is  taken  up. 


TUESDAY,  SEPTEMBER  16. 
The  following  Papers  and  Reports  were  read  j« 

1,  CoUoith  of  Zirconiinn^  compared  u  ith  those  of  other  Metalft  of  the 
Fourth  ( I  roup.    By  Dr.  J.  H.  Gladstone,  F,R,S.,  and  Walter 

HiBDERT,  F.l.C. 

On  continuing  the  experiments  on  coUoidss,  which  were  descnbeil  in  their 
papers  at  Dover  and  Glasgow,  the  authors  found  that  zirconium  gave  a  colloid 
of  welUmarked  pro{>ertie.<=i,  resembling  those  of  rilioon,  tin,  titanium,  and  thorium* 
The  tetrachloride  of  zirconium  is  a  volatile  pungent  body  which,  renotiripr  with 
water,  forms  hydrochloric  acid,  and  various  oxychlorides  or  hydroxides.  l  Ue 
gummy  mass  so  obtained,  when  dried,  gave  beautifully  regular  forms  of  iissures 
and  apirals.  The  gummy  solution,  when  heated,  formed  a  gel  which,  when 
exposed  to  the  air,  prnduully  lost  water.  Successive  ditTusates  from  this  jrel  gnve 
various  crystalline  forms  on  evaporation.  The  tir.st  ditl'usat«  was  particularly 
rich  in  dagger-shaped  crystals  with  rounded  edges,  which  proved  to  be  oxy- 
chlorides. In  later  diil'usates  this  compound  was  gradually  replaced  by  crystals 
of  other  form>;,  similar  to  what  had  been  previously  observed  among  the  colloids 
of  tin  end  titanium,  and  whicn  apj»eared  to  b«'  free  from  chlorine.  These  crystals 
■were  extremely  labile,  and  exhibited  forms  always  more  or  loss  curved  in  their 
outlines.  The  solutions  of  these  colloids  of  sirconium,  tin,  and  titanium  slowly 
formed  crusts  or  hkina  which  were  insoluble  in  water,  and  which  slowly  shrank, 
often  crackinfr  in  irrecuUir  patterns.  It  is  a  curious  circumtstance  that  the  eolu- 
tion  of  zirconium  colloid  very  readily  produces  spongy  growths,  similar  iu  appear- 
ance to  those  that  hare  previously  been  obawred  in  solulioiia  of  ailioon,  AU 
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these  colloids  seem  to  be  marked  by  the  extreme  readiness  with  wbidi  ts# 
hydroxy  1  element  replaces  more  or  less  chlorine^  and  bj  tbe  number  o£  moleoki 
of  water  with  wbicb  they  will  combine. 


2.  On  Fluorucon^  and  Pho&pkoreacmU  Diamonds. 
By  Dr.  J.  H.  Oladstokb,  FJtJS. 

lu  the  '  Comptes  Kendus/  134,  M.  Chaumet  describes  the  fluoresceoce  exdtad 
in  diamonds  by  Tiolet  light,  and  oonsidan  that  this  effect  is  strongest  in  the  best 
and  moi^t  valuable  .stones.   He  describes  an  experiment  with  a  oerim  ^dlov 

diamond  which  sliowod  no  fluorescence  under  violet  lipht,  but  after  a  f«*w mmatei' 
exposure  became  dark  brown,  regaining,  however,  its  originai  colour  aod  briliitscj 
iu  the  course  of  twenty-four  hours. 

This  eommunication  has  led  the  author  to  refer  to  the  fhet  that  st  fk 
Aberdeen  Meeting  of  the  British  AsBOCiatioQ  in  1859  he  exhibited  and  de^bed  a 
diamond  ring,  three  stones  in  which  were  somewhat  fluorescent  by  dayliijht.  aii 
which  phos]t!iore<!ce(l  in  the  dark  after  exposure  to  sunlight  The  Bev.  l»r. 
liobinson  shtnved  this  phosphorescence  to  his  audience  in  one  of  the  eveaiM 
lectures.  These  diamonds  were  more  fully  examined  afterwards,  and  it  wai  fiNSi 
that  ther  shooa  most  brightly  when  exposed  to  tlia  Tiolst  and  ultn>Tiolft  tsfi: 
but  the  length  of  time  tliat  the  phoaphorescsenoe  in  the  dark  lasted  seemed  to  r&rv 
with  the  manner  or  length  of  previous  exposure  in  a  way  not  to  be  ea^i't 
explained.  This  led  the  author  to  examine  the  very  vahuible  jeweller?  of  & 
personal  friend ;  not  one  of  her  diamonds  exhibited  this  phenomenon,  which 
suggested  the  idea  that  the  property  in  question  was  due  to  some  impuritj  not 
usually  found  in  diamonds  of  the  tirst  water.  A  few  years  ago  FToleasorSilfiasi 
Thompson  exhibited  this  ring  during  the  course  of  a  lecture  on  some  phenomeni 
of  light  at  the  lioyal  Institution.  The  diamonds  shone  very  brilliantly,  but  after- 
wards they  entirely  lost  their  phosphorescent  power.  They  were  kept  in  thecUrk, 
and  in  the  course  of  a  year  or  so  the  power  of  Dhoaphorescing  was  iMlond, 
though  not  to  its  fonner  eactent.  These  tests  have  oesn  put  an  end  to  by  the  Im 
of  the  ring  through  a  fire. 


8.  Acid  EiUir% qfMMyl  Suednie  Aeid$.   Jfy'BMiemor  J,  J. SusBOiODa^ 
P&.2>.,  D.Se.^  and  Wiluam  A.  Bonb»  Ph.D.^  D.Se. 

The  acid  esters  of  mono-,  di-,  tri-,  and  tetra-methyl  succinic  acids-  have  been 
prepared  aud  their  esteriticatiou  constants  aud  electric  conductivities  determistd. 

The  results  of  the  esterification  constants  dearly  indicate  the  retaidiog  infa- 
ence  which  the  introduction  of  methyl  groups  has  on  the  rate  of  esterificstion  f 
nieth y  I  h ydrogen  succinate.  JNo  broad  generaUsations  can  be  drawn  from  a  Wtij 
of  the  electric  conductivities. 

The  determination  of  the  esterification  constants  of  a  pair  of  li^menc  a^d 
esters  deriTed  from  an  unsymmetrieal  dibesie  add  would  appear  to  be  one  of  ^ 
best  methods  for  ascertaining  their  constitutions.  The  following  acid  esten  ^^^^ 
been  prepared  : — Methyl  hydrogen  succinate,  m.p.  68®.  Methyl  hydroije!:  raetbjl 
succinate,  an  oil  identical  with  the  compound  de.«cribed  by  Hraun.^rhweif. 
.Although,  theoretically,  two  isomeric  monomethyl  esters  are  ]>os)!iblt^.  >..i  lar  oulf 
one  has  been  obtained.  The  same  ester  is  formed  when  any  one  of  the  foUoviif 
methods  is  employed :  (a)  Partial  esterification  of  the  add  ;  (bj  partial  bydrolyoi 
of  the  neutral  ester;  (c)  addition  of  methyl  alcohol  to  the  acid  onbydridt 
Methyl  hydrofren  ch  dimethylsuccinat^  melting  at  o8°.  Methyl  hydropen  trsn^ 
dimethylsuccinate  melting  at  47°o.  Two  isomeric  methyl  bydroc^TJ  9** 
dimethylsuccinates  melting  at  40° '6  and  52°.  Two  isomeric  methyl  hydnya 
trimethyl  succinates,  bow  of  which  are  oOi.  HeUiyl  hydro^  tstiMNtiyi 
succinate,  m.p.  68^. 
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4.  Compounds  of  TrinUrobenzene  tvUh  AlkylaM  Arylamines. 
By  H.  HiBBBBT,  MMe.^  and  Professor  J.  J,  Sudbobough,  FhJ),^  J^^Se, 

In  eontlnMtioii  of  the  euliw  mA  ^  it  hu  been  ibnod  tliat  trinitrolieiiieiie 
r  irme  weU-defined,  ataUe  additive  compounds  with  the  alkylated  naphthylaminea. 
I'hese  compounds  are  all  of  a  reddiah  or  leddiab-hlaok  coloiir,  and  are  deoompoaed 

when  boiled  with  mineral  acid. 

The  products  formed  from  trinitrobenzene  and  secondary  bases— for  example, 
methyl  a-na^thylaouiie  and  ethvl  /S-naphth^lamine — may  be  acet^Uted  and  ^eld 
prodneta  whieh  aie  identaoal  win  thoae  oKtaiwij  by  tba  eombinatkm  of  trinitro* 
MBaoe  with  the  acetyltttid  secondary  base.  As  a  rule  theee  acetyl  derivativea 
are  unstable,  and  when  crystallised  from  different  media  deoompoae  into  their 
constituents—namely,  trinitrobenzene  and  the  acetylated  base. 

The  compounds  of  trinitrobenzeuu  with  tertiary  bases— for  example,  dimethyl 
n-naphthylamiiio  and  dinMfth^l  ^-naphthylamiiie-Hve  imaeted  on  by  aeetie  anhy- 
dride, and  may  be  boiled  with  thia  reagent  iSor  aome  time  withoat  undergoing 
decomposition. 

The  following  compounds  have  been  obtained > 

1.  Ethyl  o-naphthylamine  trinitiobenaene,  dark  maroon-oolonred  neadlea, 

melting  at  ir,3-153°'5. 

2.  Diethyl  a-naphthylamine  trinitrohenMne,  acarlet  needieS|  melting  at  05- 

8.  Dimetbjl  a>napbthylaniine  triidtrobenaane,  red  needlea,  melting  at  105-106^ 

4.  Ethyl  jS-naphtnyiMDioe  trinitrobanmnei  ruby-black  priama,  melting  at  108^; 
the  acetyl  deriTative  oyatalliaea  in  veiy  laige  aalphar-yellow  pnama»  melting  at 

77-78'*. 

5,  Diethyl  /3-naphthylamine  trinitrobenzene*  short  black  prismS|  melting  at 


5.  Action  of  Alkalis  on  Ciniiamxc  Acid  Dibromide  and  itn  Eaters.  By 
Professor  J.  J.  fcJuuBOBOUGU,  Fh.D.,  D.Sc,^  and  K.  J.  TuoMPaoN, 
B.Sc, 

By  the  action  of  alkalis  on  cinnamic  acid  dibromide  and  its  esters  a  mixture 
of  a-bromo-cinnaniic  and  a-bromo<jr//o-cinnaniic  acid  is  obtained.  When  the  acid 
^bromide  itself  is  employed  the  main  product  is  the  a-a//o-acid  and  only  u  bxuali 
aDOttut  of  the  o-ada.  When  however  the  eaten  are  used,  the  two  aeida  are 
formed  in  almost  equal  quantities.  An  increase  in  temperatiuey  praaence  or 
aWnce  of  annlig-ht,  and  the  natun*  of  the  alkali  eniployed  affect  but  very  sligh^y 
thti  relative  amounts  of  the  two  arid.s  formed.  Dimethyl  aniline  reacts  with 
ciuoamic  acid  dibromide  yielding  as  chief  products  cinnamic  acid,  a>bromO'^;inna* 
nana,  and  m  minute  quantity  of  a  brominated  aoid. 


6.  On  lAe  Absorption  qf  Ammonia  from  Water  by  Alga, 
By  Fvokmut  E.  A.  Lbtts,  FhJ).,  and  Mr.  J.  S.  Tomv. 


7.  On  DeUrminatiotis  of  Atmospheric  Carbonic  Anhydride  made  on  Board 
the  *  Discovery '  on  the  Voyage  to  tJie  Cape  a^id  thence  to  New  Zealand, 
By  Fh>fe8aor  E.  H.  Letts,  Ph,D, 


8.  A  New  Method  of  causing  Isomerisation. 

By  Profeflior  Raphabl  Mbldola,  F.B,S.t  VJ*.CJS, 

>  Jaurn,  Chm,        1901,  79, 682. 
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9,  IfUerim'^part  on  the  Actifm  of  Oases  dissolved  in  McUU$  and  AUojfi 

on  their  i^ropertiet. 


10.  JKflporl  on  ike  IftUuvB  o/AUofft,—^  B«portB,  p.  175, 


11.  Report  on  Preparing  a  New  Series  of  Wave-length  Tables  of  the 
Upectra  o/iht  &emeni$,—H€e  Rqporto,  p*  187, 


TRi>'8ACTiOKS  OF  SECTIOIT  C. 


SsCTiON  0.-G£OLOGV. 
PbesiDekt  of  ihb  Sbction— Licut.-Uen.  0.  A.  McMauo:?,  F.R.S.,  V*P.G.S» 


THURSDAY^  SEPTMMBSB  11. 

The  IVcsiduut  delivered  the  following  Addreea:— 

Roek  Metamorphimn. 

I  WISH  to  ofier  some  obeervatioDs  tu-day  on  some  aspects  of  rock  metamor* 
lihiam ;  and  as  thw  ii  ft  eomplex  anbject,  and  the  time  et  my  dispoatl  is  brie^  I 
tturpoee  to  deal  with  it  in  simple  laiigiuige»  Mod  to  evoid  aa  £»? aspoesiUe  all  petio* 
lOgieal  techniciditiei*. 

A  short  description  of  a  granite  in  the  Satlej  Valley  of  the  Himalayas  will,  I 
think,  intndooe  vs  bj  a  short  cut  to  the  considendon  of '  ooDteet  metemorphiam/ 
an  important  Inranch  of  the  snbject  under  consideration. 

The  ^Tiite  I  allude  to  is  an  intruder  in  thi>  normal  fpieiaaiMe'graaite  of  the 
llimaluyasi  and  cuts  through  it  at  right  angles  to  its  foliation. 

The  introder,  which  is  some  yarda  wide,  did  not  rise  tbroiij^^h  a  simple  crack  or 
fissure,  for  its  passsge  upwards  was  interrupted  bj  ft  ahoct  of  dark  intrusive 
diorite,  ohh't  than  itself,  which  na,  loughlj  apeakiog,  pftnUel  to  the  foliation  of 
the  gneissoso-granite. 

This  sheet  of  dioritft  olfand  eonaidorahle  leaielaiioe  to  tho  liaiiig  granita. 

The  granite  sigiamd  heekwaida  and  forwavds  across  the  diorite  and  ran  along 
its  edges  for  fifty  yards  or  more,  ronvejtinp  it  into  a  mica  trap. 

It  then  tore  itself  away  and  continued  its  upward  course.  The  granite  I  am 
describing  was  in  a  molten  or  flnid  condition  at  the  time  of  its  eruption,  as  I  hope 
to  ahow  m  my  aubaequent  remarka. 

I  may  pause  here,  however,  to  consider  in  passing  what  waa  the  probable 
temperature  reached  by  a  granite  such  as  that  above  described* 

The  question  is  one  of  very  great  difficul4y»  aa  we  know  so  little  about  the 
plutonic  conditions  of  igneooa  rocks,  and  can  only  arrive  at  an  anawer  to  onr  quea- 
tion  by  indirect  evidonc*-. 

The  melting-point  of  quartz  ranges  from  1425°  to  14.50®  C,  but  the  fusion 
point  of  granite  need  not  necessarily  be  as  high  as  this^  inasmuch  as  the  presence 
of  water  at  high  temperature  matenally  lowers  the  melting  or  solution  point. 

The  fu.sion  point  of  the  other  constituents  of  granite  may  here  l)e  mentioned: 
that  of  orthoclase  ranges*  from  1164*  to  1168*^;  microcline,  llf>U°;  albite, 
1172^  i  auffit«  and  hornblende.  1188°  to  1200°;  apatite,  1221°.  Zircon,  which 
ia  oommonfy  found  in  s^ranitej»,  and  is  one  of  the  first  minerals  to  separate  out  of 
the  magma,  is  shown  by  Ralph  Cusack  to  have  ]>robablT  a  melting-point  of  17H0°; 
whilst  topaz,  a  not  uncommon  mineral  in  granite,  is  infusible  up  to  the  melting- 
point  of  platinum,  namely,  1770°  C 

If  we  consider,  therefore,  the  melting-points  of  the  mineral  conatitoanta  of 
pranite,  we  can  hardly  avoid  the  conclusion  that  lor  the  magma  to  have  attained 
perf^tr  fluidity  it  mu»t  have  reached  a  temperature  of  at  least  1200°  0« 
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Venadakf  lias  sbown  tlitt  kyinxte  b  taauUbm&Bi  into  rfniaualte,  a  wetl-kno  wn 
product  of  con  tact-met  amorphism  at  a  tempefatttio  of  1320°  to  138CP. 

If  rocks  in  rontiict  with  (^'ratiitic  mrt'se'^  li<\vo  been  rnHcd  to  th'n  temoerature, 
it  follows  that  the  grauiU)  ^Itself  mast  have  been  fitill  more  heated.  Vernadakv's 
obienrationa  hare  Been  nliod  on  by  Mr.  Oeor^^e  Barrow  in  his  well-lcnown  paper 
'  On  an  Intnision  of  Moaoovite-biotite  GneiKS '  in  the  S.E.  Highlands  of  Scot'- 
land  to  account  f(»r  the  presence  of  aillimanite  in  the  inner  zone  of  metamorphisra 
between  the  kyauite  actuats  and  the  graoitei  and  he  conaidered  that  the  temp<'ra- 
toie  attdned  bjr  the '  oontral  auMM»  of  the  fflghlmil  rocla  *  waa  probably  higher 
than  the  fi^rures  mdicated  by  Vernadik^. 

B'^aring  all  consid'Tations  in  mind,  includinp;"  the  influence  of  water  and  alkali 
in  reducing,  and  of  preasure  in  raiaing,  the  melting  point,  I  think  we  may  safely 
infer  that  flT«nitee»  soeh  as  the  Himalayan  grenite  alluded  to  above,  must  have 
been  raieed  at  plntonic  depth  to  a  tempev^on  midiray  between  rad  and  white 
heat,  that  is  to  say,  to  at  Irast  1200°  C. 

To  return  to  the  granite  of  the  Satlej  V'allev  under  consideration,  I  wiah  to 
draw  attention  to  iti  con<fition  just  befofo  erystalTiaation  commenced. 

A  study  of  the  mineral  beryl  will,  it  seems  to  me,  throw  light  on  this  point. 

Beryl  is  an  important  accessory  mineral  of  the  granite  under  description.  It  is 
clearly  an  original  mineral,  and  it  is  material  to  note  that  it  was  the  tir^t  miiit-ral 
to  cryf^tallise  out  of  the  magma  of  the  Satlej  granite.  This  is  shown  byte\erul 
circumstances. 

In  the  first  place  the  >>erTl  prf»ervc(l  its  perfect  c^^•sfallo^rraphic  shape,  -liow  infr 
that  its  molecules  during  the  entire  period  ol  crystallisation  possessed  comparative 
freedom  of  motion,  and  were  not  interfered  with  or  molested  by  other  solid 
minerals.  In  tlw  second  place  all  the  essential  minerals  of  the  granite  when  they 
suhieqnentiv  crTPtalli?erl  out  of  the  mn^rma  wfre  depoiitodon  the  crvstals  of  berv'l. 
I  have  specimens  of  the  granite  showing  crystals  of  beryl  enclosed  in  fal^ari  in 
muscovite,  and  in  quartz. 

The  beryl,  therefore,  having  been  the  flr*t  mineral  to  eryitallise,  the  examina- 
tion of  thin  slices  of  it  under  the  microscope  on<rhf  to  give  uaaelne  to  the  eon* 
dition  of  the  magma  at  the  time  the  beryl  was  formed. 

I  have  made  such  an  examination,  and  I  find  that  the  beryl  is  crowded  with 
liquid  and  gas  eayitiee,  the  former  containing  moraUe  babbles  and  deposited 
crystals  as  well  as  water. 

Tlie  bubbles  are  of  f^ub'tantial  nize  relative  to  the  area  of  the  cavities,  showing 
that  the  water  suffered  considerable  contraction  after  it  was  sealed  up  in  the 
beryl. 

Scrope  long-  a<ro  suggested  tliat  the  fluidity  of  lavas  below  the  melting-point 
was  due  chietly  to  the  water  they  contained,  and  attributed  the  liquidity  of  ginnite 
to  the  same  cause. 

Scrope,  however,  in  ascribing  the  mobility  of  an  iffoeons  rock  to  ik»  mesenoe 

of  water  seems  to  have  had  regard  principally  or  wholly  to  its  mechanical  action 
in  furnishing  an  elastic  medium  in  the  interstices  })etween  the  crystals  or  grains  of 
the  roclc.  He  observes  that  a  lava  consists  '  of  more  or  less  granular  or  crystalline 
matter,  containing  minute  quantities  of  either  led'liot  water,  or  steam  in  estate  of 
eztmne  condensation,  and  consequent  tension,  disseminated  interstitially  amot^ 
the  crystals  or  granules,  so  as  to  communicate  a  certain  mobility  to  them,  and  an 
imperfect  liquidity  to  the  compound  itself,*  and  he  quotes  iScheerer  and  Delesse,  both 
of  whom  essert  tnat  water  exists  in  mechanical  combination  with  all  crystalline 
roclB»  *  its  nUBUte  molecules  being  intercalated  between  the  crystals.' 

Nowadays  one  would  attribute  the  liquidity  of  an  iarneous  rock  not  so  ranch 
to  the  mechanical  action  of  the  water  present  in  it  as  to  the  combination  of  the 
water  with  the  mineral  contents  of  the  lava,  prodndng  a  state  of  aolntioii. 

Sorby's  investigations  supported  Scrope's  observations,  for  he  proved  that  the 
liquid  contained  in  the  inclusions  in  granite  is  water,  and  showed  that  it  was 
caught  un  duriug  the  formation  of  the  crystals,  '  and  was  not  introduced  subse- 
quent to  tne  eonsolidatioii  of  the  roek.' 

The  water  now  contained  in  cavities  in  the  beryl  was  probably  held  in  idll- 
tion  by  Uie  constituents  of  that  mineral  at  the  time  of  its  foiinatioDyaad  as  il 
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eooled  down  the  water  aepuated  from  tbe  eabrtanee  of  the  heryl  and  feimed  III* 
CftTiti&s  in  which  we  now  find  it  imprisoned. 

If  this  be  so,  it  follows  that  wlien  thf  bt-ryl  crystnlliscd  out  of  the  mnfrmn, 
the  latter  waa  in  a  fluid  condition,  and  held  a  coobiderable  amount  of  heiited 
water  in  aolutioo.  The  temperature  of  the  magma  must  have  heen  ahore  that 
of  red  heat,  and  the  potential  ener^^y  of  the  water  held  in  n  fluid  state  by  preaeuro 
must  have  been  great.  When  tlicrfforo  in  tho  cotir.se  of  the  earth  movem^  nta 
which  accompanj  or  in  some  cases  are  caused  by  the  intrusion  of  eruptive  igneous 
maases,  prenwre  wae  temporarUj  lelieved  hj  the  rupture  and  fanlting  of  rocks, 
the  mtperheated  wut«  r  contained  in  the  magma  would  he  ready  to  flaah  into 
■team  with  almost  explosive  violence. 

It  must  also  be  borne  in  mind  that  water  under  great  pre^ure,  at  or  above  a 
red  heat,  has  a  powerfully  solvent  action  on  most  minerals,  even  mi  so  refractory 
a  mineral  as  quartz,  'Wnen  therefore  granite  in  the  molten  and  fluid  OOncUtion 
of  the  Satlej  granite  was  erupted  alonj^  a  liiif  of  fanltinp-.  fi^^ure.  or  weaknesa, 
the  superheated  water  or  steam,  bearing  with  ft  much  mineral  matter  in  solution, 
must  have  acted  with  great  cliemical  energy  on  the  rocks  into  which  it  waa 
intruded. 

I  have  spoken  of  water  carrying  mineral  matter  in  point ioti,  and  of  a  magma 
carrying  water  in  solution.  Tliese  two  conditions  may  rapidly  hueceed  each  other 
under  varying  conditions  of  temperature  and  pre.'-sure.  To  use  the  words  of  Van 
Hiae,  'under  sufficient  pressure  and  at  a  high  temperature  there  are  all  gndationa 
between  heated  waters  containing  minesal  material  in  eolation  and  a  magma  con- 
taining water  in  solution.' 

The  condition  of  the  beryl  crystals,  crowded  as  they  are  with  lic^uid  cavities, 
•howB  how  high  a  proportion  of  superheated  water  was  contained  m  the  fluid 
granite  magma  at  tlie  time  of  their  formation. 

Sorby  e.'^timutt  <1  lliat  the  fluid  cavities  in  the  quartz  of  granites  aometimet* 
amount  to  more  than  ten  thousand  million.')  to  the  cubic  inch.  As  auartz,  how- 
ever, is  nanally  the  la.st  mineral  of  a  granite  to  consolidate,  it  may  he  thought  that 
the  water  contaiii<  <l  in  it  i''  a  residuum  left  by  the  fcKjmr  nrd  nniscnvite  on  their 
separation  from  the  magma;  hut  the  case  of  the  beryl  above  quoted  .^hows  clearly 
that  the  amount  of  water  difl'used  through  the  magma  before  the  mica,  felspar, 
and  quartz  began  to  consolidate  must  have  been  very  considerable.  The  amount 
of  water  held  in  .solution  by  a  granite,  (lurinr;^  the  time  of  its  aqueivifrneous 
fusion,  cannot  be  ei^timnted  lt)y  the  amount  of  water  given  in  the  analy.sis  of 
consolidated  and  dried  hand-i^pecimens  of  that  rock.  A  considerable  proportion 
of  thia  lii^uid  must  necessarily  have  been  lost  during  the  gradual  coohng  of  the 
rock,  and  in  the  course  of  its  intrusion  into  neighbourintr  .'^♦'diraentary  strata  as 
sheets,  dykes,  and  veins.  Sorby,  as  the  result  of  other  lines  of  inve.stigation, 
came  to  the  conclusion  that  the  amount  of  water  present  in  granite,  though  limited, 
b  considerable. 

We  must  now  turn  for  a  few  minutes  to  consider  the  important  question  of 
tbe  porosity  of  minerals,  and  their  permeability  by  heated  water  and  gae  at  high 
pressure. 

Theihet  that  solid  substances  are  built  up  of  molecules  haTing  interstitial 

spaces  between  them  hardly  needs  demonstration  nowadays. 

But  have  we  all  quite  reali.«ed  that  the  molecules  of  rock-forming  minerals 
and  crystals  are  not  inert  narticles  of  matter,  but  that  they  vibrate  or  revolve  or 
are  endowed  with  other  oraerly  movem^t  that  may  be  likened  to  the  motion  of 
tibe  planets  round  tbe  sun  ? 

Far,  far  away  in  space  the  solar  .sy.'it»'m  would,  to  an  eye  formed  like  our  own, 
in  all  probability  present  a  nebulous  appearance,  because  the  eye  would  not  be 
aUe  to  see  the  indiTidual  members  of  our  system. 

So,  too,  the  molecules  of  which  crystals  are  built  up  may  have  their  appro* 
priate  motion.^,  but  we  cannot  see  them  with  the  eyes  of  sense  faecante  the  mole- 
cules are  beyond  tbe  highest  powers  of  the  microscope. 

We  can,  however,  1  thinx,  perceive  them  with  the  eye  of  the  acientiflc  ima- 
gtaatioii;  and  tha  hypothesia  that  the  molecnles  of  minerals  are  separated  from 
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«adi  other  by  intermolecuUur  spaces,  and  have  their  modes  of  ma^aaot  mm 

CBf^cniial  to  the  comprehension  of  rock  metamorphieini. 

The  important  experiments  of  .Sir  W.  Roberts- Austen  on  the  diff uikm  d[  jjaU 
in  pure  lead  throw  coneiderahle  light  on  ihia  subject. 

Disks  of  solid  gold  were  held  a^nst  the  bases  of  cylinders  of  lead  br  dnf^ 
•nd  wera  hept  in  an  upright  position  at  the  ordinary  temperature  for  four  mrs. 
At  the  end  of  this  time  it  was  found  that  the  gold  had  diffused  upwards  in  iLi 
solid  lead,  for  a  distance  of  7*Go  !nm.,  in  sufficient  quantity  to  be  det«}cted  bjibi 
ordinary  mi  tluKis  adopted  by  assayers.    Traces  of  gold  were  found  still  higlier. 

When  a  column  ol  molten  lead,  10  cm.  high,  was  placed  above  ^lid  gold  tad 
kept  at  a  mean  temperature  of  492^  C,  that  is  to  say,  at  166^  abovo  the  md!ife| 
pomt  of  lead,  but  569*7*'  below  that  of  gold,  the  gold  difiuaed  in  comMwiMp 
amount,  to  the  top  of  th»'  lead  column,  in  a  single  day. 

Sir  AV.  Robt  rts- Austen's  experiments,  above  alluded  to,  demonstrate  that  ^Jr* 
such  metals  as  gold,  whose  melting  point  is  as  high  as  1061*7°  C,  exhibit  & 
measurable  amount  of  kinetic  energy  at  the  ordisai^y  temperatote  and  ptUHifc 
Great  results  may  no  doubt  bo  brought  about  at  ordinaiy  temperatures  sad  pRS> 
sures,  when  time,  as  in  the  Inhnfatory  of  nature,  is  practically  unlimited;  ner^r- 
theless  the  importance  of  high  temperature  and  high  pieesaie^  ia  operatkiai 
connected  with  m»'tiimorplusm,  rati  liardly  l>e  overrated. 

Isotouly  di>e»  a  rise  in  temperature  increase  the  energy  of  the  chemic^  actiflM 
and  reactions  which  produce  the  mineralogical  changes  embraced  the  ttm 
nietamorphistn,  but  it  increases  the  poionty  df  minerals  and  fiMUitates  the  pafl^e 
of  liquids  and  gases  through  their  pores. 

The  cohesion  of  molecules  is  lessened,  the  amplitudes  of  their  vibratiocf, 
fotatory  or  other  movements,  are  increased,  and  a  passage  is  opeuc^l  for  the  adrancc 
of  chemical  materials  into  the  heart  of  the  crystal. 

Iiusreass  of  temperature  thus  not  only  throws  open  the  doors  of  the  miasnl 
ibrtrets  attacked,  hut  gives  enhanced  energy  to  the  invaders.  The  fact  tint  th# 
mineral  components  of  a  rock  are,  under  conditions  of  heat  and  pressure  practkalij^ 

{)orous  to  heated  water,  laden  with  chemical  reagents  in  solution,  is  frajoeotlj 
>rought  home  to  the  mind  of  the  petrologlst  in  a  very  tangible  way.  We  tons' 
times  observe,  for  instance,  that  metamorphic  chsQges  beffin  at  the  heart  ef  a 
crystal,  and  leave  the  peripheral  portions  ot  it  fredi  aid  unaltered. 

In  such  cafes  the  chemical  agents  of  change  have  evidently  passed 
through  the  outer  parts  of  the  crystal,  and  have  by  preference  selected  its  inteisil 
partafor  attack. 

In  order  to  explain  dearly  how  this  remarkable  reeult  takes  place,  in  the  am 
referred  to,  it  will  be  necensarv-  to  diveige  for  a  few  minutes  to  ooottder  unotber 
branch  of  our  subject.    It  is  dilHcult,  if  not  impo8>ible,  to  lay  down  any  hard  aod 

fHst  rule  of  universal  ajiplicatioo,  bec-au.se  the  conditions  under  which  i^e<m5 
rocks  crystallise  vary  with  temperature,  pressure,  the  relative  proportion  of  con- 
stituents, and  other  local  causes,  and  tuese  variations  in  the  conditions  my 
materially  alTect  the  results ;  but  I  think  the  rule  that  minerals  crystsllifie  est « 
a  molten  msfnna  in  the  order  of  their  basicity  is  of  venr  frequent  if  not  of  a^^*' 
lutely  jjeneml  application.  This  rule  also  pfvprns  the  growth  indiTidnil 
cryi*tals,  especially  iho.-e  that  exhibit  wliat  is  kiinwn  as  zonal  .structui*-.  Take, 
for  instance,  the  felspars  of  an  igneuua  rock.  A  gradual  pasj>uge  may  fu-quenlhr 
be  trsoed  by  the  petroiogist  from  one  species  of  lelspar  at  the  iieart  of  a  errstil 
to  another  diatinct  apecies  at  its  peripbiqipy.  Sometimes  a  crystal  is  made  up  d 
more  than  two  specie.s,  whit  i:  shade  more  or  less  gradually  into  each  o*.b»'r.  I» 
nrcovdance  with  the  rule  lai'l  down  above,  the  more  basic  specie*  lor:iied  linJ: 
then,  as  the  percentage  of  the  bases  left  in  the  magma  gradually  decrea;9ed,  onii^^ 
to  the  first  funned  crystals  havin^^  taken  a  liott*s  wbare  of  the  available  basil,  tb 
f<*lspar8  that  formed  later  became  gradually  more  and  more  add  in  compositiao- 
Thus  a  laige  felspar  of  slow  and  gradual  growth  may  be  composed  <>f  <fven1 
zones,  each  zone  bt'ing  '^\KTe«:iIvely  less  basic  and  more  acid  than  that  ujk'D  wbicii 
it  crystallised,  each  successive  zone  thus  possessing  slightly  different  phvsif*| 
properties  from  the  one  that  formed  before  it.    These  statemeiiUi  art  capabk  d 
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troof.  When  sections  of  felspar,  such  as  occur  in  thin  slices  of  igneous  rock,  are 
iiBmiiied  under  the  mieroecope  in  poltrised  light,  petrologists  can  dietinguish  one 
pecies  from  the  other — when  the  direction  in  which  the  sections  were  cut  is 
pproximately  known — by  measuxing  the  aogles  at  which  they  extinguieh  fnm 

he  twinninpr  or  the  pinacoidal  plane. 

ThLi*  i8  not  mere  theory.  Vnch  Fspecies  of  felspar  has  its  own  anprle  of 
txtinctiou  and  iu  own  index  oi  rLiraction.  The  de termination  of  these  two 
•etoia  enablee  a  petrologist  to  prove  optically  the  change  m  eompoaitioii ;  or,  in 
)ther  worda,  the  diange  in  species  which  has  taken  place  in  the  ■uccotave 
mer),  during  the  ^mrlnal  <Trn-\vth  of  a  large  ronal  felspar. 

Another  proneral  rule  must  iKiw  be  mentioned.  I  think  it  may  safely  bo 
issert^  as  a  broad  rule,  that  the  different  species  of  felspars  are  attackable  by 
the  chemical  reagenta  which  naike  themaelves  felt  in  metamorphic  aetkii,  in  tlia 
irder  of  their  basicity ;  that  is  to  say,  the  more  basic  felspars  are  more  easily 
ittacked  than  the  acid  ones.    When  we  hear  in  mind  the  facta  stated  above, 

shall,  I  think,  be  able  to  see  clearly  how  it  is  that  the  peripheral  portions 
"»f  large  fflspar8  in  igneous  rocks  sometimeM  esrape  alteration,  wliilst  the  cores 
ii  these  crybtaU  are  converted  into  secondary  minerals,  such  as  chlorite,  silvery 
mica,  loisite,  epidote,  kaolin,  elaatite,  saaaiiirite,  calctte,  and  scapolite. 

The  chemical  reagents  flowing  in  Mlution  through  the  pores  of  the  felspars, 
pass  by  the  more  acid  and  refractory  species,  and  devote  tneir  enerr^ies  to  the 
more  susceptible  basic  species  entombed  at  the  heart  of  the  zonal  crvHtals. 

The  point  I  wish  to  enforce  most  strongly  is  that  the  phenomenon  above 
dfitenbed,  namely,  the  formation  of  secondary  metamorphie  minerals  in  flia 
iotsnflv  of  ft  crystal,  comlnned  with  the  comparative  immunity  to  change  of  the 
external  portions,  shows  that  the  agents  which  brought  about  chemical  changes 
tithe  core  of  th--  crystal  flowed  freely  through  its  unaltered  peripheral  portions. 

But  some  may  tisk  whether  the  chemical  agents  referred  to  may  not  have 
gained  access  lo  the  heart  of  a  crystal  by  a  crack.  I  answer  that  a  crack  is  a 
eoaise  and  taagiUe  olgect  that  looms  laifie  under  the  microscope.  A  eraeic  in  a 
mineral  liable  to  metanum>hic  action,  through  which  chemical  r^igents  hftfo 
tiow'd,  could  not  escape  detection.  The  finest  crack  through  a  homorreneous 
mineral,  such  as,  for  instance,  an  olivine,  can  }je  readily  wen,  not  only  by  the 
i}Qiall  canal  worn  by  the  corrosive  action  of  the  chemical  agents  that  flowed 
through  it,  but  by  the  alteration  set  up  m  the  mineral  along  the  whole  eowrse  of 
thacanaL 

T  have  a  thin  slice  from  a  beautifully  fresh  olivine  contained  in  one  of  the  lavas 
''f  Vesuvius  collected  by  myself.  A  volcanic  explosion  or  other  cause,  operating 
alter  the  crystallisation  of  the  olivine,  produced  a  very  fine  crack  in  the  mineral 
through  which  water,  charged  with  chemical  reagents,  subsequently  flowed.  The 
ersek,  though  of  microscopic  width,  is  filled  with  serpentroe,  and  en  hoth 
margins  fibrous  serpentine  lias  been  formed  at  the  ezpttise  of  the  parent  olivine, 
and  confititutes  a  fibrnuf?  band  on  both  sides  of  the  crack  throughout  its  entire 
length,  the  direction  of  the  fibres  bein^  at  rig^ht  angh'e  to  the  crack. 

The  rest  of  the  olivine  is  of  virgin  purity  and  polarises  in  the  most  brilliant 
soteors,  contrastiQ|r  strongly  with  the  serfienttne. 

In  this  case  it  is  dear  that  the  chemical  reagents,  though  free  to  flow  along 
the  crack,  had  commenced  to  extend  beyond  its  walls,  encouraged  thereto  by  the 
porosity  of  the  olivine  it8»'lf.  But  how  different  is  this  case  from  those  in  which 
the  entrance  of  the  chemical  agent8  had  not  been  facilitated  by  a  crack.  In  the 
esse  above  described,  the  chemical  changes  set  up  were  limited  to  the  borders  of 
cracky  and  even  bad  they  gradually  extended  in  the  course  of  time  to  the 
^^iiole  of  the  olivine,  the  original  canal  by  which  the  chemical  reagents  had 
-ained  accpf";  to  the  crystal  would  have  remained  to  tell  its  tale,  and  exhibit 
along  \tf>,  c<)iirs«-  the  banks  of  iron  oxide  thrown  down  by  the  chemical  navvies 
that  had  excavated  it. 

Orscks  save  time  as  roads  and  canals  do,  but  ther  leave  behind  them  evldeoce 
oftheir  former  existence.  In  order  to  understand  niUy  how  rocks  and  minerals 
•le  BO  completely  open  to  the  attacks  of  chemical  reagents^  which  penetrate  to  and 
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produoe  ehemkud  and  mineralogical  ehangw  at  tha  xery  bearta  of  umk 

we  must  fully  realiae  how  oomplotely  porous  rock8  and  minerals  ar«,  tka 
heated  liquids  which  carry  these  reagents  with  them  in  solution.    Heat,  ta  ^on 
stated,  not  only  increases  cheniictd  energy,  but  destroys  more  or  les8  roii!fl«*lT 
the  cohesion  between  molecules,  and  increases  the  amplitude  of  the  vihnskMi 
or  otlMr  notiaDt  of  tho  noloeulety  and  ooiiiei|iieiitlY  f aciUtates  the  oMbbi  4 
liquida  and  gaiea  into  the  pona  of  ninarala,  and  taair  oontplote  penaeatkn  br 
tbefO  powerful  agents  of  change.   Thus  far  we  have  been  chiefly  coiieerDt>d  vitk 
flome  of  the  principles  underlying  the  branch  of  our  subject  embraced  by  t^** 
term  contact-metainon^hism,  which  implies  operations  conduct»*d  at  ci^nsidrral^ 
depths  below  the  surface  of  the  g^und,  under  conditions  of  heat  and  pre6$ur«. 

We  mnat  now  oonaider  venr  hrieflr  changes  prodnced  at  or  aenr  tteaarlin 
hy  the  agency  of  water,  or,  as  Biachoi  in  hia  weU-known  work  Imiaad  it,wli- 
morphism  in  the  'wet  way.' 

No  hard  and  fast  line,  however,  can  be  drawn  between  the  two  clssiei  of 
operations,  as  the  one  gradually  shades  by  fine  gradations  into  the  other.  At  (s» 
and  €i  the  leale  we  have  hijrh  prenure  and  hiirn  temperatuie^  and  a  4 aid  ionap 
magma  holding  water  in  solution,  above  a  led  heat,  and  giiriq|^  up  beaffdwattr 
or  vapour  charged  with  salts  to  the  rocks  in  contact  w  ith  it. 

Passing'  to  the  other  end  of  the  scale  through  diminishinjr  teniperaturef  sod 
pressures,  we  reach  a  condition  in  which  the  water  circuliitinfj'  throug-h  theroda 
at  ordinary  pressure  and  temperature  is  more  abundant  m  amount,  and  bokU 
adda  and  aalta  in  eolation,  capable  of  setting  up  important  chemical  leacCaoniia 
the  rocks  and  miaerak  to  wliioh  it  gains  access. 

In  the  c&m  of  surface  operations,  moreover,  the  metamorphic  ac^'nt?— wahr, 
acid^,  BHlta — are  being  constantly  renewed.  Conditions  ditieriug  aa  widely  tstbe 
conditions  at  the  extreme  ends  of  our  scale  do  not  yield,  however,  precisely  tbs 
sane  vssnlts.  In  both  metamorpluc  change  goes  on'widi  moro  or  less  hrinen^ 
hat  the  products  are  ditferenL  Some  minerals  require  great  heat  and  fRsK 
pressure  for  their  production,  and  such  minerals  are  never  formed  by  any  mrhrf 
process  of  weathering.  For  instance,  the  temperature  reached  dt-Tt-raa".-* 
whether  titanium  dioxide  crystallises  as  rutile,  or  in  one  of  its  other  two  ii>nB«i 
rutile  requiring;  a  temperature  of  over  1000°  C,  and  being  the  only  Ibrsi  sf 


Temperature  also  seems  to  determme  whether  the  silicate  of  alumina  enftil' 
Uses  as  andaliisite,  kvanite,  or  sillimanite,  the  two  former  being  tranafuiias^  isO 
the  latter,  at  a  temperature  nf  1820''  C.  to  1880°  C. 

On  the  other  hand  some  minerals  i-equire  little  heat  for  their  format luo,  soi 
are  readily  prodaeed  by  metamorphic  changes  in  the  *  wet  way.* 

There  seems  to  be  some  correspondence  between  the  melting  point  of  auaAsh 
and  their  density  ;  thus  in  the  case  of  eleven  minerals  produced  by  cont«<i- 
metamorphism,  whof»e  average  specific  gravity  ranges  from  8*0t}  to  4  tV),  I  hod 
that  their  melting-point  ranges  from  964^  to  above  1770^0.,  high  temperstin 


in  the  prodacticB  of  high  specific  gravity  in  minerals. 

The  genesis  of  individual  spedse  of  minerab  is  a  faednatigg  stady,bittki 

subject  is  too  large  to  enter  upon  here. 

Water  ^mins  access  to  rocks  in  several  ways.    It  falls  as  rain;  it  ri***frc«s  ■ 
hidden  depths ;  it  leaks  from  the  sea  into  horizontal  beds  or  into  atrata  dippisj?  ^ 
away  ftom  it ;  and  it  penetrates  throogh  faulta  and  fissnies.  Boin  in  its  mbI 
tthss  np  from  the  air  oxygen,  nitrogen,  carbonic  add,  and  in  aome  cases  msB 
amounts  of  nitric  acid 

It  is  thus  in  itself  a  powerful  solvent  and  potent  agent  in  prodoetag  dmicai  , 
change. 

In  its  passage  through  the  surfiuse  soil  it  dissolyes  humic  and  other  orpj^-c 
acids,  the  prodacts  of  vegetable  decay,  which  add  grsatly  to  ite  eolveot  povsr  mi 
enable  it  to  break  ap  many  silicates  and  to  dissolve  even  silica. 

Ry  the  time  the  rain-water  reaches  the  solid  mck<s  below  t)ie  stirfac»»  *iil.  if 
become  a  very  active  agent  in  producing  chemical  change  in  them.  It  is  b;  isc^ 


conditions)  appearing  to  be  ftcMi 
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agents,  persistently  applied  during'  lou^'-  periods  of  time,  tiiAt  largo  areas  o(  ultra- 
basic  igneous  roci\6  have  been  altered  into  terpentine. 

Hot  springs  are  a  well-knowD  instance  of  water  rising  in  considerable  quantity 
from  platonic  depths.  Tliey  are  known  to  occur  in  the  plaios  of  India,  and  are 
especially  abundant  in  the  Himalayas.  I  vimted  tnro  very  ioterestiog  ones  at 
^'■ini,  in  the  bed  of  the  .Satlej  Kiver,  west  of  Simla.  These  s^prinirs  rise  appurently 
uier  tlie  very  bed  of  the  river,  and  come  to  the  surface  on  both  banks  within  a 
\ar(i  or  two  o(  the  rushing  water  of  the  Satlej.  When  1  visited  the  spriiigs  they 
bad  a  tempenture  of  18(r  F.,  and  contrasted  stiongly  with  the  cold  water  of  tlie 
rifer  flowing  past  them,  which  had  descended  from  high  HimaUjran  glaciers  aod 

bid  K  temperature  of  49^  1'. 

The  niiti\  '' inhabitants  of  ueiglibouriii*^  villajres  told  me  that  the  hot  springs 
always  appear  at  the  very  edge  of  the  river,  whatever  may  be  the  height  of  its 
waters  during  drought  or  floml.  This  statement  is  probably  true,  for  I  think  the 
Huriags  well  up  from  below  through  the  walls  of  a  fault  that  trnveraes  the  bed  of 
the  Satlej  at  a  high  an^  to  itt  course,  and  the  springs  thus  come  to  the  surface 
00  both  its  banks. 

The  metamorphic  influence  of  these  springs  on  the  rocks  in  this  locality  has 
been  very  powerful.  The  aucieui  volcanic  rocks  there  exposed  have,  for  some 
diftanoe  up  the  river,  been  altered  by  aoueoos  agents  almost  oat  of  reeogoition. 
The  original  structural  characters  of  these  lavas  have  been  aUno.st  completely 
broken  down  and  an  amorphous  snlistanoe  substituted  for  the  ciystabandmioeiais 
of  which  they  were  orijrinally  composed. 

This  result  show^  that  the  crystals  and  minerals  of  these  old  lavas  must,  for 
all  practical  purposes,  have  been  completely  porous  to  the  aqueous  agents  brought 
to  benr  oo  them. 

The  general  transmutation  of  one  mineral  into  another  bv  the  action  of  heated 
water  holding  mineral  agents  in  solution,  aided  by  heat  an(l  pressure,  may  take 
place  in  a  variety  of  ways.  Some  of  these  processes  are  simple,  but  others  are 
highly  complex.  Many  are  the  residts  of  a  single  operation,  others  of  a  series  of 
mnges,  some  of  which  prepare  the  way  for  those  tliat  follow. 

In  some  cases  the  change  may  be  brought  about  by  the  removal,  in  whole  or 
in  part,  of  one  or  more  of  the  essential  constituents  of  a  mineral,  whereby  the 
relative  proportior.8  and  mutual  relations  of  tUose  that  remain  are  altered,  as  the 
fullowiog  examples  will  show. 

By  loss  of  water  limonite  passes  into  hematite,  and  ojml  into  Cfystalline 
quarts.  Dyscra^ite,  by  loss  of  antimony,  passes  into  native  mlver,  and  pyroxeoey 
by  the  removal  of  its  lime  and  iron,  is  changed  into  talc.  Simple  oxidation  or  the 
absorption  of  oxygen  by  a  mineral  is  responsible  for  another  class  of  chan^ref,  as  in 
the  conversion  of  zinc  blende  into  goslarite,  and  antimony  into  valentinite. 

The  lostt  of  one  or  more  of  the  ingredieots,  concurreatly  with  the  introduction 
of  CDS  or  more  new  ones,  eausss  many  metamorphic  changes,  as  in  the  couTersion 
of  marcasite  into  magnetite,  of  witherite  into  barite,  and  of  asurite  into  malachite. 

The  well-known  conversion  of  a  peridotite  into  serjwntinH  is  a  case  in  point. 
Here,  part  of  the  iron  and  majjuesia  is  removed  from  thf>  olivine,  and  water  is 
introduced.  A  simple  process  like  this,  brought  about  by  the  percoiutiun  of  surface 
vtlen  tbioogh  an  igneous  rock,  is  sufficient  to  transform  conaiderable  areas  <^ 
rode  msoMS  into  serpentine,  as  has  been  the  case  in  parts  of  ComwHll. 

J^me  raetamorpnic  procesQes  are  more  complex  than  those  alluded  to  above, 
but  Nature  has  unlimited  time  at  her  disposal,  and  is  able  to  manufacture  potent 
chemical  reagents  as  her  processes  proceed.  For  instauce,  the  sulphides  of  various 
isetals  of  common  occurreDoe  in  rocks,  most  of  which,  with  the  exception  of  these 
of  the  aUkaline  metals,  are  insoluble  in  water,  by  taking  up  oxygen  pass  into 
■olphates,  most  of  whieh  are  soluble  in  that  liquid  at  the  ordinary  temperature. 

These  sulphates  are  readily  carried  awny  in  solution,  and  l>eeome  potent  factors 
of  change  in  rocks  throug-h  which  water  chaiu'<'d  with  these  8alts  tiows.  Ap^ain, 
carbon  dioxide,  so  ubuudant  In  percolating  water,  decomposes  minerals  contaming 
hsM  or  aUnli,  and  fomores  them  at  sdlnble  carhonatss  to  e^t  powerful  chemicM 
unctions  elsewhere. 
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I  must  pa«8  OTor  the  aubjeots  of  paramorphism  tnd  psewSo-inorpliifliii,  as  the 
limited  time  at  my  disposal  doe«  not  permit  me  to  enter  upon  thete  raVjeeta, 

In  the  above  sketch  I  have  contented  myself  with  a  briof  discussion  of  some  of 
the  leading  principles  that  seem  to  me  to  underlie  contact  action  and  meta- 
morpbiam  in  the  wet  way,  because  I  venture  to  tliiiik  that,  if  we  letUy  understand 
theae  two  diviKions  of  our  inquiry,  it  will  be  uniMoeeaafy  on  the  preaent  ooeesioii 
to  enlarge  on  other  branches  <>f  nur  suhjorr. 

Take,  for  instance,  what  is  cuinmouly  called  dynamic  metamorphism.  The 
main  factors  in  this  kind  of  metamorphism  are  the  folding,  crumpling,  crushing, 
and  aheariag  of  foeka  hy  earth  morementay  eapecially  during  m  upbea?*!  of 
mountains. 

But  these  dpiamic  forces  are  potent  factors  in  the  development  of  beat. 

In  the  case,  therefore,  of  dynamic  metamorphism,  as  in  cont^ict  metamorphiamy 
pressure  and  heat  are  the  main  factors  acting  in  conjunction  with  the  wat^  ahut 
iij)  in  or  rimiliiting  through  a  rock.  If  we  understand  how  these  factor?*  opernto 
and  produce  the  results  we  see  in  cases  of  contact  metftm<^rphi!*ra,  we  ahail  not 
fail  to  understand  their  action  iu  a  case  of  dynamic  metamorphism. 

Tbeae  obaervationa  also  apply  to  rafional  metamorphism ;  that  is  to  say,  to 
metamorphism  produced  in  rocks  at  great  depth,  by  b  -in^'  brought  within  the 
influence  of  the  interior  heat  of  the  earth.  The  action  of  heat  in  increfising 
molecular  motion  und  kinetic  energy  is  well  understood  nowadays,  and  so  long 
aa  we  get  heat  it  aeeau  to  me  immaterial  how  heat  ia  generated  in  roeka  aal^eet  to 
metamorphic  action. 

In  the  above  sketch  1  have  intentionally  omitted  to  enter  into  the  details  of 
chemical  and  mineralugical  action  that  has  brought  about  individual  cases  of 
metamorpUe  diange. 

Volumes  would  be  reqtiind  to  do  justice  to  go  QomplaK  a  aalgecty  and  the 
details  would,  in  an  opening  Address,  be  out  of  place. 

In  conclusion  1  have,  I  trust,  shown  how  important  a  part  water  plays  as  an 

Xnt  of  metamorphism,  net  only  at  and  near  the  aurfaee  of  the  earth,  bnt  at 
tonic  depths.  We  have  seen  that  the  molten  granite  of  the  Satlej  Valley, 
which  was  given  as  nn  illustration  of  a  tluid  igneous  magma,  containe<l  a  con- 
siderable proportion  of  water  held  in  solution  at  considerably  above  red  heat,  and 
that  the  ffnioity  of  the  mogma  was  due  to  its  presence.  We  also  aaw  that  the 
great  heat  to  which  the  ma^'^ma  was  raised  increased  the  potential  eneigy  €f  the 
contained  water  when  a  relief  of  pressure  opened  the  way  for  the  intrusion  of 
the  molten  magma  into  neighbouring  rocks.  We  also  saw  that  this  water  was 
rendered  1^  heat  a  powerfiil  solvent,  and  that  it  carried  with  ft  into  the  adjoinii^ 
roeka  the  mineral  matter  of  the  granite  in  solution.  We  ali«o  saw  that  heat 
increased  the  poro«»ity  of  minerals,  facilitated  the  pa««sage  of  liquids  laden  with 
mineral  matter  through  their  pores,  and  increased  the  potency  of  chemical  action. 


The  following  Fttpeia  and  Reports  were  read  !^ 

1.  The  Geology  of  tlie  CoutUry  in  the  I^eiyhhourhood  of  Belja&L 
By  Professor  Grbnvillb  A.  J.  Cole,  F.G.S. 

Belfast  stands  between  the  lava-plateaux  of  Cainozoic  age  in  Antrim  and  the 
undulating  surikce  of  Silurian  roeka  in  Oo*  Down.  The  special  interest  of  the 
district  lies  in  the  preserration  of  Mesozoic  rocks,  which  eUewhere  are  scarcely 
represented  in  Ireland.  Schists  and  gneis^eg  in  the  north-east  of  To,  Antrim 
possibly  represent  Archeean  masses  refolded  during  the  Caledonian  earth-muve- 
menta.  Ilie  Oaledonian  folds  gave  us  the  crumpled  county  of  Down,  and  adnutted 
the  granite  of  Newry  and  Castlewellan  along  an  axis  running  north-east  mid 
south-we'^t.  I^oth  Ordovician  and  *  Upper  Siliirinn  '  (  or  riotlandinn)  wtrata  are 
represented  in  this  area.  The  conglomerate  of  Uushendun  is  probablv  of  Old  Red 
Sandstone  age ;  but  the  Carhooiferoua  limestone^  which  is  so  marked  a  ftatoze  of 
^Isad  as  a  whole,  plays  only  a  smsH  part  in  the  north-esstsni  coonte.  Hm 
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Carboniferous  strata  of  Balljcastle,  west  of  Fair  Head,  are  mainly  sandstones  with 
intercalated  coal-seaniB,  on  the  same  horiion  as  the  Cakiferous  Saodstone  of  the 

South  of  Scotland. 

A  patch  of  marine  Permian  strata  occnrs  east  of  Bel&st,  at  Hol]rwood ;  and 

the  Britisli  type  of  Trias,  red  rocks  with  salt  and  gypsump  is  well  represented 
under  the  basalt  capping  that  hn-^  ]ireserved  it.  The  Khrotic  sea  spread  into  this 
area,  and  terminated  ikr  west  agiiiust  the  Londonderrr  highlands ;  the  Lias  also 
began  to  form,  and  is  now  finely  exposed  at  Waterfoo,  close  to  Lame.  It  is 
questionable  if  higher  Jurassic  beda  than  tho>  t  w  left  to  us  were  ever  laid  down 
in  this  region ;  elevation  and  denudation  certamly  set  in  early,  and  the  country 
remained  dry  laud  until  the  middle  of  Cretaceous  times.  Then,  in  the  western- 
most extension  of  the  great  Chalk  sea,  the  sands,  conglomerates,  and  white  lime- 
stone of  Antrim  were  deposited,  representing  the  Upper  (^retaceous  of  England  in  a 
thickness  of  about  100  feet.  Tlie  cliflV  of  hfird^nod  chalk,  between  red  bawment- 
beds  of  Trias  and  the  black  basalt  scarp  above,  form,  in  Gleuariff  and  Murlough 
Bay,  one  of  the  most  beantifal  oontnsts  in  our  iskiras.  It  is  dear  that  in  eany 
Eocene  times  botli  the  counties  of  Antrim  and  Down  were  covered  with  a  rolling 
series  of  chalk  uplands,  resembling'  on  a  lefi."  Trmsf^ive  frale  onr  prf^ent  Salisbury 
Plain.  This  quiet  and  newly  upheaved  country  was  destined  to  be  devastated  bv 
Tolcanie  action,  more  continuous  and  extenuTe  than  had  been  seen  in  the  BritSu 
Ifles  since  Old  lied  Sandstone  times. 

The  ground  was  first  broken  by  rifts  runnint^  from  south-€ft.«t  tf>  north-west, 
and  thcsti  were  quickly  tilled  by  basic  lavas.  How  after  fiow  emerged  across  the 
country,  filling  up  the  hollows  carved  by  denudation,  and  fonnin^  in  time  con- 
tinuous plateaux.  Although  a  few  explosive  vents  wen  established  here  and 
there,  fluid  basalt  wn?'  the  prreat  feature  of  tlu'«e  eruption?".  A  time  of  quiet 
followed,  when  the  lake-deposits  and  iron  ores  of  (iienami,  liallypalady,  &c.,  were 
accumulated ;  and  sporadic  outbmka  of  rhyoltte  appeared,  the  moat  prominent 
being  that  of  Tardree  Mountain.  Then  the  basic  eruptions  weie  lenewed,  and 
the  columnar  basalts  of  the  Causeway  coast  belong  to  this  second  epodi  of 
activity. 

Mr.  Starkie  Gatdner  has  referred  these  yolcanio  masses  of  K<Hrthem  belaud  to 
early  Eocene  times,  from  a  study  of  the  plant-remains  in  the  asuociated  lake- 
deposits.  Hence  we  find  the  marivip  Crrfacmns  hods  followed  hv  a  terrestrial  and 
i^:neous  Eocene ;  and  j)ossibly  some  of  the  latest  vents  were  acti?e  in  Oii^wene 
ttmes.  Thenceforward  we  know  nothing  r>f  Irish  geological  history  unm  the 
glacial  epoch,  which  has  left  such  piles  of  bouldei^lay  and  gravel  ncrnf^  the 
country.  The  latest  feature  of  interest  is  the  blue  murine  clay  of  lielfast  and 
Magheramorne,  full  of  exquisitely  preserved  po»t-i*lioceue  fossils.  This  liee 
unconformably  on  the  glacial  drift,  and  represents  a  comparatively  recent  Sttb- 
neigence  and  re-elevation.  The  raised  beach  of  Lame,  with  flbt-chips  in  it 
prepared  hv  man,  indicates  the  modern  date  of  tlie  niovement?^  of  elevation. 

When  we  go  ;<outh  from  the  immediate  neighbourhood  of  Belfast,  the  Mourne 
Mountains  rise  con8picuou»«1y,  their  summits  being  fur  more  bold  than  those  of 
the  adjacent  Caledonian  granite  ridge.  They  are  also  formed  of  granite,  whidi 
cuts  acro.<<s  basic  masises;  the  latter  are  seen  at  ( 'arlin<:forfl  to  he  fit  any  rate  po^t- 
Carboniferous.  In  turn,  a  few  basic  dykes  of  still  later  date  traverse  the  granite. 
By  its  relation  to  these  two  basaltic  series,  and  its  petrographic  identity  with  the 
Cainosoic  granites  of  Mull  and  Skye,  we  nei^d  not  hesitate  to  regard  the  Mourne 
granite  as  of  Eocene  age.  It  fonns,  then,  a«  ^Ir.  ^IcIIenr}'  has  pointed  out,  an 
interesting  deep-seated  mass  for  comparison  with  the  rhyolitic  lavas  of  the  inter- 
basaltic  epoch  in  Co.  Antrim. 

From  the  above  notes,  which  have  no  claim  to  originality,  it  will  perhaps  be 
seen  how  attractive  the  itelfa.st  area  is  to  geologists,  by  reason  of  its  very  contrast 
with  the  accepted  tyj>es  of  Jurassic,  Cretaceous,  and  (  'ainozoic  deposits,  as  known 
to  us  in  the  London  Basin.  Those  familiar,  oa  the  otber  hand,  with  the  geology 
of  the  Scottish  latee,  will  find  many  interaating  points  of  similarity. 
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2.  On  the  Marifu  Fauna  of  the  Boulder  dajf. 
By  J08BPH  WRionT,  FM,S. 

The  author  has  examined  microscopically  112  samples  of  boulder  ciiTirga 
Tartous  places  in  the  British  Ulet  sad  in  Canada:  forty-«eTen  of  theatwrnftva 

irdand,  lw»»nty-9even  from  England  and  Walty,  twenty-two  fipsm  ScottiDd.  nw 
from  the  Tslo  of  Man,  and  fourteen   from  ('anada.     lu  serentT-oDe  n(  ibc 
liriti^h  nnd  in  mue  of  tbe  CHundiini  fsnniples  fnrnmiiiiferft  were  found;  the  t^wd- 
men8  of  the  clay.s  had  heen  taiken  from  VHriouii  altitudes,  some  lew  of  them  from 
localities  over  1,000  feet  ahove  the  sea.    Almost  all  the  forms  fouod  SfS  wfetiMi 
to  specws  which  at  pnoent  live  at  moderate  depths  off  our  ooait,  tnl  most  of 
them  have  the  fresh  appearance  of  these  species.    Ncnionma  dfpre$tula  is  dta 
mvt  witli  in  jrreat  profusion,  ftilly  one  Italf  of  tbe  entire  eperim^'na  found  Winz 
relerable  to  ibis  specien.    One  hundred  and  thirteen  species  liHve  \)^Ti  foand  in 
tbe  clays  of  Ireland,  seventy-two  iu  tbo«e  of  tbe  Inle  of  Man,  ?i.\ty-tive  in  Eng- 
land and  Wales,  forty  in  Sootland,  and  fifteen  in  Canada. 

In  thirtj-one  of  the  gatherings  ti<>  foraminifem  wera  net  ^ith,  whflft  ia 
pome  of  the  others  they  wt-re  very  rare.  Tbe  .'ibsence  or  the  .*carrit  v  nf  ^peHni«r> 
in  ^onie  of  tlie  samples  may  be  ilue,  in  part  at  least,  to  the  circa m>irtncr:«  tlit  it 
was  only  the  first  tloatiogs  from  the  clays  that  were  examined,  and  &1h>  thii 
these  minute  organisms  are  liahle  at  times  to  he  overlooked  when  the  flMtcrisI  9 
being  examined.  To  ascertain  how  far  tloatings  cotdd  be  relied  00  for  sivinf 
oonannre  n;sults,  1  os.  troy  of  the  boulder  clay  from  Woodbum,  near  Ctmrl- 
fergup,  was  examined  with  the  utmo>t  care.  Tbe  first  tloAtinj-  wnn  fcwi  k- 
contain  1,400  specimen!^,  tbe  floating  process  b^inp  re]»eated  twentT-fi\t-  lines 
before  sptcimens  ceased  to  come  upj  upwards  of  600  additional  j»pecinieo« 
thiia  obtained.  What  remained  of  the  clay  was  then  examined  in  detsil  vHI 
the  microscope,  and  sixty-seren  more  specimens  were  got  from  it. 

In  t)ie  boulder  clay  at  Knoek  Glen,  nenr  Belfast,  seventy-nine  specif*  """^f 
obtained,  many  of  them  beintr  very  rare  forms,  six  beinp  only  known  a.*  reotl 
British  species  from  collections  on  the  \ves<t  coast  of  Irtdand,  two  of  tbe^e  !*■•<> 
ocenrring  off  the  west  coast  of  Scotland.  Tbe  presence  of  these  mtcrosoa  iwieW 
lead  Ds  to  infer  that  the  day  at  this  place  was  probably  deposited  in  deep  ««*er, 
when  the  land  stood  at  a  much  lower  level  than  at  present,  and  when  the  mtriw 
conditions  must  have  heen  aomewiiat  similar  to  those  now  prevailing  off  tbe  vsit 
coast  of  Ireland. 


3.  Report  on  the  ExploraUon  of  Irish  Cat^.— Sec  Reports,  p.  347. 


4.  On  the  MidiUe  Cambrian  Tr'Mifes,  d'c,  of  Mount  StefAtnt 
British  Columbia,    By  JDr.  JJkkry  Woodwabo,  F.liJi. 


5.  Preliminary  List  0/  the  MineraU  oeeurrifty  in  Irehnd. 
By  HEVRt  J.  Srymovr,  B,A. 

The  following  li^^t  of  minerals,  "which  is  only  of  a  pu  liininary  nature, «>mp|** 
all  the  species  which  the  writer  lia**  up  to  the  present  satisfied  himwlf  uodosK- 
edly  occur  in  Ireland.  In  compiling  it  several  paUic  and  private  collecti  w  - 
minerals  were  examined,  but  a  few  more  have  still  to  be  worked  oyer  be'orv 
list  can  be  reprarded  as  including  all  the  species  which  are  tobe  found  in  thi'c  "ttrji 
It  is  intended  to  ultimately  publish  in  the  *  Proceedings  of  the  Royal  Irish  Aao^J^ 
the  completed  list,  topetlier  with  full  details  regarding  the  locality,  BOW* 
occurrence,  and  some  other  point*  of  interest  connected  with  each  spsWfc 
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0pOuaID6lMl* 

jjftiimonit0. 

Uassit0nt6a 

\\  otiastontt6* 

Coabasite. 

uOlu. 

Katilc. 

Ikhoildiiite. 

GmeliDita. 

Oliver. 

uctanearivO. 

Hornblende. 

Lovyne. 

Arzv6cuonite. 

AJi&icite. 

T>ji-i_i-l 

Beryl. 

riatrolitc 

joiite. 

Scolecite, 

XJ I  Ili  U  U  i  (/V  • 

^fiesoiirc. 

VIi&ICOCIlv. 

Uiivine. 

Thomsonite. 

i>ieiKie. 

jnuiouMUura* 

M1IB00Vli#. 

ryrrDOiib6b 

Idocrase* 

j3iotue. 

i^oioniivo* 

Zircon. 

LcpidomelaQC 

iopaz. 

berpentine. 

PvrfftM 

iuKmlUBlIV* 

V  ouaiiite. 

BIuiiii^<^^nu  0. 

oUlimanite* 

ulauconiie^ 

I  a  reunite. 

Kyanite. 

KaoUnite. 

ji  ispicKeJ. 

oil  A  n  1  ^  A 

uaci0ial)lb€* 

ir  jrropiiy  11  iie* 

Asiin«o> 

AOinte. 

opntiio. 

u€ucroiiiw> 

jbpiaotc* 

naiite. 

Diicrociinc. 

Axinite. 

Pyrornorphitflw 

Vinnr 

AUUi  UJUCittSV* 

Odaminc. 

viviaoiie. 

1^ Am  4Mlh«  A  U  Mft  A 

lOQTnUUIne. 

isrytDTito. 

innviulvo* 

uii^ociasc* 

oianroiite. 

nvejiiie. 

Onal 

AnrlosiiiC 

Atxinhvllitn 

^»^./V^U^  til  IV* 

T^piitl  sintit  A 

Water. 

Labradorite. 

Ueulandite. 

Barytes*. 

Cnprite. 

Anorthite. 

Bpiatilbite. 
FbUliptite. 

Anglesite. 

Corandam. 

Bnttotlte. 

GjrpsQiD. 

Hypentbene. 

HarmotonM. 

Amber. 

Ilmenite. 

Aogite. 

StUbite. 

A  nnmber  of  other  species  (about  tweiity*two),  which  have  been  recorded  by 
more  or  less  competent  authorities,  are  not  insert t^d  in  tlic  foregoing  list,  as  there 
appears  to  be  eome  doubt  at  present  as  to  their  corrtct  determination,  and  because 
»pecimaii8  of  many  of  them  caonot  now  be  found  in  any  museum  or  private  coUec- 
lion. 


6.  On  the  Tufkn  and  Skull  o/ Mastodon  ongustideuB. 
Jiy  C.  W.  Andbkws,  J),iSc, 


!•  Report  on  the  Jiegislrafion  of  all  Ti/])e  Siecimais  v/ JJrituh  Foenlf, 

bee  Beports,  p.  210. 


8.  iVoten  on  the  Foeeiie  of  the  Silurian  Area  of  N»E*  Irelanidn} 

By  R.  Clark. 

It  would  be  dUficulty  after  tbe  closftt  inTestigation,  to  add  much  to  the  ex* 
liaustive  list  of  epecies  given  u\  the  excellent  paper  on  this  subject  wbieliwae  reed 
by  Mr«  Swaneton  befoie  the  Belfast  Naturalteta'  Field  Club  acme  twenty^five  years 

ago. 

In  that  paper  reference  is  made  to  the  classiticalion  by  the  Geological  Survey 
of  the  rocks  of  the  dutrict,  under  the  general  heading  of  Lower  Silurian. 

Subsequent  to  the  publication  of  tbe  mape  of  the  area  tbe  information  as  to 
tbe  Silurian  fauna  was  giMtljeiXtended  by  the  labours  of  ProfeMOrLapworth  and 
iMr.  Swanston,  to  whom  science  is  fo  largely  indebted.  The  completion  of  the 
l*inch  geological  map  of  Ireland  enabled  the  revision  of  work  done  in  the  earlier 

*  Communicated  by  permiwion  of  the  Diieotor  of  the  Qetlogioal  Surr^. 
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stoges  of  the  {Survey's  existence  to  be  undertakaiif  and  in  tlut  revidoa  the  N.fi« 
Silurians  were  among  the  first  dealt  with. 

The  work  was  proceeded  with  until  not  only  the  N.E.  area,  but  the  aouthern 
SOuriaa  dlitriets  aI«o  were  irone  over.  A  compariwa  of  the  old  series  of  meps 
end  the  revised  editkms  published  withhi  the  last  few  yeets  shows  that  the 
collections  made  haye  necessitated  yety  consideEable  alterations  in  the  original 
ma^in|g[. 

Tukking  Coalpit  Bay,  Donaghadeei  as  a  starting-point,  this  prolific  thoogh  eiro 
Cumscribed  little  area  afforded  a  key  to  the  vast  proportion  of  the  Silurian  bed^ 
which  with  slight  interruption  extend  sonthwnrda  to  the  Atlantic  on  the  Wat«r- 
ford  coast ;  and  although  in  few  other  locaUtie»  was  tlie  same  wealth  of  fauna  of 
diflbieiit  horiaooe  met  with,  it  was  inteiestiniDr  to  recognise  in  numeroos  new 
locaKtiea  the  occurrence  of  forms  which  enabled  a  ready  xeeognition  of  the  exact 
position  of  the  bed;*,  moat  of  which  were  typical^  lepieaealed  in  the  regular 
sequence  of  Coalpit  Bay. 

In  the  district  eorered  hy  Mr.  Swanston's  paper  it  will  he  sufBeient  to  mention 
a  oonple  of  localities  new  or  hitherto  unreferred  to.  First,  a  section  cut  through 
by  a  small  stream  ftt  Lessan,  near  Siiintfield, '  1,'  sheet  37,  from  which  a  number  of 
specimens,  indicative  of  Lower  Hartfell  (Caradoc)  bedS|  were  obtained.  Amongst 
other  speciss  were  the  following 

Jjiplvgrapttu foliaceus,  Dicellograptus  elegans, 
„        muenmaim,  „  forckammeri. 

If         truncattu.  „  marriri, 

Clttn/icoffrapfu*  fn  harenbergi,  „  mojfntmstB, 

Xjeptoi/rnptiu! Jiaccidw,  Uicranograptiis  ramosus, 

Jnmttoyrajitut  Utuarii,  Cormmde$  ealeularii, 

OioucffrupUu  kinekrii,  S^itmtreta  mhttUe. 

The  second  Locality  is  a  small  quarry  in  Holrwood  Qlen, '  1/  sheet  29,  which 

yielded  a  number  ur»>pecie8  characterising  this  locaUty  as  Uie  Glenkiln  horizon 
(i  pper  Llandeilo).  Amongst  the  forma  wliich  occur  here  in  easily  leoognisable 

condition  are —  ' 

II        mrcularU.  sextans, 

Thamnograptus  tgphus,  Dionmfffn^tut  ramonu, 

Oloeno^raptuf^  hinrkiii . 
Climacograptm  scliarenbei'gi, 
ff  btcornis, 

Tlie  ahsence  of  Bastrite*  maximn,  Dicellt^apttis  auceps,  and  l^Uurograptut 
Hiiearut  having  heen  commented  on  bv  Messrs.  Swanston  and  Lapwortti.  it  ia 

satisfactory  to  record  that  these  forms  I  nave  since  found,  the  firstnamedat  Tieve* 

shilly,  the  fecnnd  in  a  pocket  of  black  slate  in  greenish  nnidstont'  nt  Coalpit  BaTf 
whilst  J'tettrograptus  linearia  was  collected  from  the  locality  at  Lessan,  previoaely 
referred  to. 

A  nuqne  spedmen  from  the  Lower  Birkhill  (Llnndovery)  beds  of  Coalpit  Bay 
claims  attention.  It  hns  brpn  id<  iitified  by  Mr.  E.  T.  iSVwton  as  F>mn/fn'n  cant' 
t/iersi,  a  lycopodiaceous  plant  first  described  by  J*rofessor  Hicks  as  occurring  at 
Pen  y  Qlog  Slate  Quarry,  North  Wales.'  It  has  not  hitherto  been  recogni>etl  in 
beiand. 

Pa^sin^;  from  what  may  be  styled  the  IJelfast  immediato  nrrn  towards  the 
south  and  «()uth-«-t  st,  8ome  ten  additirmal  fossiliferous  localities  were  added  to 
those  already  recorded  from  the  district  comprised  within  '  1/  sheet  48.  They 
were  with  one  exception  all  indicative  of  the  >liddle  or  Lower  Birkhill  horizoDS, 
and  save  frnm  oiio  lornlity,  j.oiiL'h  Erne,  on  the  N.E.  mai^in,  which  yielded dght 
epeciea  of  Uraptolitidce,  the  specimens  obtained  were  not  well  preserved. 

*  Quart,  Jtmr*  SeoL  Sm,,  toI«  XJavUI.  p.  97. 
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The  Armagh  district,  <  1/  sheet  47,  afforded  good  and  intere«tiug  collectiug 
grounds,  though  no  fossils  from  the  Silurian  beds  apoear  to  baTO.beeii  inreTiously 
nooflded.  ▲  close  examination  disclosed  numerous  localities  in  both  upper  and 
lower  strata,  ranpinp-  from  Lower  Llandovery  to  Upper  Llandfilo,  this  lattar  lOne 
being  well  represented  a  little  north  of  Poyntzpass  by  the  occurrence  ol' — 


Dicranograptw  ziczac. 
IHployraptus  bimucronatus. 

These  forms  were  found  in  the  black  carbonaceotn  cbertj  band  generally  mso- 
ciated  with  thin  particular  horizon. 

<1/  ebeet  69,  afforded  substantial  additions  to  the  list  alreadj  pabUihed  there- 
fiom.  Graptolites  ^vt■^e  procured  from  some  twelve  additional  localities,  and 
from  many  of  these  the  specimens  were  obtained  in  excellent  preservfltion ;  in  this 
re-opect  those  from  Killyrue,  four  miles  S.E.  of  Ck)otehill,  are  specially  worthy  of 
mention. 

The  known  localitiee  for  Silurian  foesila  on  '  1/  sheet  80,  have  been  mnch 

increased,  and  good  specimer.f  obtaitiod  of  Lower  Caradoc  and  Llandovcr}-  species. 
Of  the  former  Diphurraptu^  foliareun,  THcellograptm,  and  rieuroyrapttit  were 
indicated,  whilst  the  higher  zone  is  diatiuguished  such  as  Monoyraptus  eonnOOhi^iUM 
and  Mimograptus  tenuis^  as  also  Diplograptmfokaomu  or  jMilm«itf,  whidi  is  some* 
what  rare  outside  (^)alplt  Bay  district. 

The  fo?."!!.^  of  the  Silurian  rooks  of  1,"  sboi-t  81,  are  dealt  with  rather  fully  in 
the  memoirs  of  that  and  the  adjoining  sheet  1)1.  In  the  latter  the  beautiful  dia- 
triet  of  Slane  afforded  a  rich  harvest  of  forms  ranging  from  Llandeilo  to  Wenlock. 

Sheet  82  has  been  hitherto  rep^arded  as  a  barren  area  ho  far  as  fossils  were  ron- 
cemed.  However,  a  dose  search  disclosecl  at  a  couple  of  localities  near  Clofjher 
Head  the  existence  of  the  zone  of  Monograptus  exigmut  on  top  of  Upper  Llan- 
dovery, and  in  addition  to  AT.  exigmu  beautiiblly  preserred  spedmeneof  Moiuh 
graptm  attenuatus,  Crtspt<Sjprofet/s  and  lobifeniA  were  procured.  A.t  no  other 
locality  save  Tievesh illy  was  the  same  peculiar  group  observed. 

Haying  now  reached  the  baoks  of  the  iioyne  the  north-eastern  area  may  be 
eonridend  as  ended.  Not  so  the  Silurian  beds  and  their  fossils,  which  proved 
equally  interesting  and  varied  when  traverud  from  the  Boyne  ▼aUej  aonthwards 
V»  the  ooast  of  Wexford  and  Waterford« 


0.  iToltf  on  ihe  (kturrenoe  pf  Bagthoi  Beds  at  ConJbe  Pyne,  near  LyfM  JReffitA 

By  HOSAOB  K'WoODWABDb  FMM, 

In  (he  Summary  of  Progress  of  the  Geological  Survey  for  1000,  p.  1S3,  Hr. 
Clement  Reid  remarked,  '  it  is  probable  that  a  chain  of  outliers  of  tue  Bagshot 
river-gravels  will  connect  the  Eocene  of  Dorset  with  that  of  Bovey  Tracey  in 

Devon.' 

The  cutt  ings  on  the  new  railway  between  Axminster  and  Lyme  Regis  have 
since  displayed,  in  the  neighbotirhood  of  Combe Pyne Hill,  at  an  elevation  of  about 
4(>0  f('»  t,  bt'ds  of  fine  wnite  sand,  white  pipe-cfay,  and  white,  red,  and  mottled 
etouy  cluys,  with  much  rough  flint  and  chert  gravel.  These  beds  have  u\  places  a 
marked  indination  towards  the  esst,  due  probably  to  original  deposition,  and  in  all 
tespects  they  beer  a  dose  re^i  inblance  to  the  white  and  coloured  clays  and  sands, 
ana  the  coarse  gravels,  wliicli  border  the  Bovey  basin  at  Wolliorou^h  and  other 
places  near  Newton  Abbot.    They  rest  on  a  platform  of  Upper  Greensand. 

The  beds  at  Wdlborough  I  some  years  ago  regarded  as  equivalent  to  the '  plateau 
drifts'  of  Haldon,  bnt  Mr.  Raid  has  recently  brought  forwaid  evidence  to  show 

>  Communicated  by  permission  of  the  Director  of  the  Geological  Survey. 


Cmiofjrapfn.^  grnciHs. 
t'ltmacograptui  scharenbergi. 
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that  both  are  for  the  most  part  ot  Bagsbot  age,  ^vith  the  exception  oulj  of  tbu 
depoflita  tluit  b«v»  bem  rMnu^  in  Uter  timee.  Him  it,tlieiiBforB,  good  nuoo 
for  referring  to  the  Bagsliot  eenea  the  bods  at  Combe  Pyne,  which  are  eridflDtlj 
m  titu,  and  whush  pcnacw  ao  many  of  the  features  chaimotoriatic  of  that  formationl* 


FHII)Al\  SEPTEMBER  12. 
The  following  Papers  and  Report  were  read : — 

1.  On  the  Viscous  Fusion  of  Rock-fonnimj  Minerah.    Jiy  J.  JOLT,  F.R.S. 

In  a  paper  read  at  the  Congred  G^logique  Intematiooal  of  1900,  and  iu 
a  short  note  GommnincBted  to  the  British  Association  Meeting  at  Bradfofd,  1900, 

e.xperimeots  on  the  TiBCous  fusion  of  some  rock-fonniog  minerals  are  described  br 
the  author.  It  appeared  that  under  tho  inflnonce  of  jirolon^ed  exposure  to  higti 
temperatures,  roundio^  and  other  signs  of  fusion  (a  breakdown  of  atabilitv  as 
a  9otid)  could  be  obtained  at  mnoh  lower  temperaturse  than  have  hitherto  msd 
assigned  as  the  melting-points.  This  lowering  of  the  meIting*point  undt^r  pro- 
lon^'fd  heating  (four  hours)  is  more  marked  genernlly  in  the  case  of  minerals  con- 
taining a  laige  percentage  of  silica  and  most  marked  in  the  case  of  quartz.  On 
this  account  uie  mtier  of  the  melting-points  ia  in  general  different  under  oondithna 
of  prolonged  heating  than  under  conditions  of  short  exposure. 

The  former  results,  as  repirds  melting  under  conditions  of  short  exposure 
(lesults  required  for  comparison  with  those  obtained  under  conditions  of  long 
exposure)  were  not  quite  satisfactory  (as  at  the  time  the  author  pointed  out)  ia 
80  far  that  the  observationa  were  luu  *  li'ected  iu  the  same  manner  as  thoee  under 
conditions  of  proloiiiT'  d  fxposure.  This  defect  in  the  observation  has  now  been 
removed.  One-iuii)ut<>  exposures  have  been  made  of  all  the  minerals  previously 
dealt  with  on  expuhures  of  four  hour?,  and  the  results  confirm  the  fcxnam  con* 
dusions  but  reveal  a  decreased  difference  in  the  t  wo  melttng-pfnnta;  in  other 
words,  the  short- exposure  melting-points  being  bt'low  previous  results,  the 
depreatioii  of  melling-poiut  upon  prolonged  exposure  is  less  than  formerly  deduced. 
The  degression,  however,  increases  generally  with  the  aiiica-content  of  the  mineraly 
as  pre? lookly  observed. 


2.  The  Drifi  i/op  of  the  Ihil&n  Area,   By  J.  J.  H.  Txall,  F,R.S, 


3.  Note  on  the  Vo/cnni'-  Jx*ocki<  of  G'lmrop,  and  their  Jielation  to  the  GraniU 
of  Ben  Cruachan.    By  Hkhdeut  Kynaston. 

The  mountainous  district  about  Gh  nro*'  i.s  known  to  be  occupied  by  a  large 
area  of  volcanic  rocks.    These  are  described  briefly  in  the  present  communicaticm, 
together  with  a  small  patch  in  the  north-east  part  of  thti  Bladtmonnt  Forest. 
8ome  Mcc  onnt  is  also  given  of  the  behaviour  and  f  iixler  of  .succef^sion  of  the  rr»ck?, 
which  are  tluAv  n  to  eh)sely  resemble  the  phenomena  observed  in  the  Lowi  r  Old 
lU'd  sandstone  volcflnic  series  of  Lome.    The  base  of  the  series  is  well  K*en  near 
the  western  end  of  Glencoe,  where  it  rests  u]M)n  an  inclined  sorfhee  of  the  older 
rocks,  the  slope  of  the  ohler  stnfiice  of  dejwsititn  being  to  the  east.    Tlie  lower 
part  of  the  .'^eries  consists  of  about  ],')()()  leet  of  Vnsic  niidesites,  identical  in  charac- 
ter with  those  of  Lome.    On  the  north  side  of  the  glen,  above  Loch  Triochatan. 
conglomerates,  ssndatones,  and  sfaalee  occur  below  these  andetftee,  and  occaaionsl 
thin  intercalations  of  ehales  are  found  at  higher  horizons,    testing  upon  the  basic 
andesites  are  rhyolitic  Invns,  followed  by  agglomerates  and  hreccias,  which  are 
capped  by  about  7C0  feet  of  horublendc-andesites. 

'  Particulars  cf  the  sections  are  given  in  the  Summary  of  Progress  of  the  Geo- 
logical burvey  for  lUOl,  pp.  o3-6U  (1902). 
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Tho  series  lia>  iti  (rleucne  a  goneral  south-easterly  dip,  and  the  higher  beds 
gndually  overlap  oq  t^i  the  older  schists  towards  the  eastern  ])ortioD  of  the  area. 
Tbua,  in  the  Blackmonnt  the  rbyolitea  reat  immediately  upon  the  ichista,  the 
surface  of  the  older  rocks  being-  remarkably  steep.  Duriiijf  the  author's  recent 
work  for  the  Genlopiciil  ^Survey  the  age  of  thes*-  volcanic  rocks  has  been  definitely 
settled  by  the  discovery  of  I^ower  Old  Ked  pUnt  remains  in  a  bed  of  black  shale 
at  the  biwe  of  the  east  fiice  of  the  Buaehaille  Etire  Mor.  In  this  bed  Messrs. 
Peach  and  Tait  found  specimens  of  Psilophyton  and  Pnchythecain  Jone  last*  The 
associfited  lavas  are  therefore  of  the  game  a^e  as  those  of  Lome. 

In  the  iilackmount  the  volcanic  rocks  are  cut  and  metamorphosed  by  the 
grtnite  of  the  Olach  Leatbad,  which  is  a  coatinnation  of  that  of  Ben  Craachan  to 
the  pouth-west,  and  of  that  of  the  Moor  of  Rannoch  to  the  north-east.  Again,  a 
lnrfr»"  ninss  of  granite,  of  lien  Uruachan  type,  is  intrusive  in  the  basic  andesites  on 
the  boiithside  of  Gieucoe,  near  Clachaig.  Thus,  these  granite  masses  are  uf  later 
date  than  the  ▼olcanic  period  of  Lower  Old  Bed  Sandstone  times.  It  riioold  be 
mentioned  in  this  connection  that  in  the  basement  conglomerates  on  the  north  side 
of  Qlencot!  well  rounded  boulders  of  hornblende-granite  and  diorite  occur,  and 
granite  blocks  have  abo  been  found  in  the  breccias  near  Kingshouse.  It  is  not 
poasibls^  however,  that  these  boulders  eould  Iiato  bsen  derired  from  the  granitic 
masses  now  exposed  in  the  same  neighbourhood,  as  these  have  been  concSusiT^y 
shown  to  be  of  later  age  than  the  volcanic  series. 

The  final  phase  of  the  igneous  activity  of  the  district  \v&»  marked  by  the  forma- 
turn  of  nomerous  dykse  of  porpbyrite  and  quartz-porphyry,  whieh  are  seen  to  cut 
both  the  granites  «iid  the  lavas.  * 


4.  ilTofos  on  the  Jfew  Geological  Map  of  Vieloria,  By  Jkuva  Stibuno. 


5.  On  thr  Oriffinal  Fwrui  i^ Sedimenln nj  DejHmtB, 

By  BeV.  J.  F.  Blake,  if.J.,  FM.ii. 

In  determining  the  position  and  outline  of  ancient  continents  by  oWrving  the 
direction  in  which  the  sediment  derived  from  them  thickens  or  thins,  and  in 
interpreting  the  signiticauce  of  the  contours  of  the  sea-bottom,  it  is  ne(-es^ar^'  to 
eonrider  what  wflfbe  the  actual  diape  as  a  whole  of  any  sedimentary  deposit  of 
•ingle  origin  in  relation  to  the  land  "whence  it  is  derived. 

It  hns  Ix  en  n>;«)nined  by  several  authors,  both  of  text-books  and  of  special 
memoirsi  that  sedimentary  deposits  are  thickest  near  their  source  of  origin,  and 
that  fimestones  are  deposited  at  great  distances  frtim  the  sbors.  The  author  gives 
reasons  for  taking  a  somiswhat  different  view.  The  action  of  tides  and  currents 
i?*  cnTi?idere<l  as  a  subfeqnent  openition  ;  the  original  form  of  the  deposit  would 
be  that  which  would  result  from  a^river  carrying  detritus  directly  outwards 
into  a  tideless  sea.  The  coarse  material  which  is  pushed  along  the  bottom  of  a 
river  tills  up  the  angle  between  the  lowest  level  the  river  rsaches  and  the  con- 
Ktniitly  deepening  bottom  of  the  sea,  and  the  depo'-it  is  eonseqtieTUly  wedge>sbape 
towards  the  land  and  sharply  sloping  seawards,  like  the  tip  of  a  railway  embanK- 
ment.  The  det  ritus  which  floats  consists  of  all  that  has  too  low  a  power  of  sinking  to 
overcome  the  velocity  of  thu  stream,  and  only  )>egins  to  sink  on  the  retardation  of 
that  velocity.  The  detritus  with  any  particular  rate  of  .••inkinfj  w  ill  thus  descend 
faster  and  also  bo  crowded  into  a  narrower  area  at  a  distance  from  the  shore,  and 
so  form  A  thicker  deposit  there,  where  alone  there  is  permanently  room  for  it.  This 
result  will  be  modified  by  (1)  the  expansion  laterally  of  the  retarded  stream, 
(2)  the  evaporation  of  the  surface-water,  f.'J)  tlif  mixture  with  sea-water,  (4)  tho 
superposition  of  various  maxima  at  different  distances  from  shore,  (6)  the  redistri- 
bution  by  tides  and  currents. 

During  the  continuance  of  constant  physical  conditions  the  seaward  boundary 
of  river*brought  deposits  will  thus  be  a  marked  line — the  'mud-line'  of  Dr.  Murray — 
at  various  depthsi  aocoidiog  to  circumstances.  At  this  line  there  is  a  rapid  change 
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of  slope.  This  hMM  been  called  an  escarpment,  and  the  edge  of  the  oontinaBtal 
plateau,  bat  it  is  luggMted  that  it  ia  lealiy  the  limit  of  teniganoas  deposits  is 

boUc. 

The  lateral  t'.x])amion  of  the  stream  divides  it  into  two  spirals  on  the  two  sides 
of  the  axis  and  separated  bj  it.  Alon^  this  axis  the  deposit  will  be  carried 
iartiier  to  sea  than  on  the  two  sides.   This  will  cause  an  aoparent  depression  of 

the  sen-bottom  opp-i'^itc  the  mouths  of  direct  rivers.  Tliose  orjyrrs'^ifin.^  Ii.ive  btv>n 
taken  to  be  submerged  river-channebi,  but  they  nre  the  natural  result  of  the  form 
of  the  deposit,  except  in  special  cases — of  which  the  Congo  may  be  one.  Such 
depressions  maj  be  seen  indicated  on  charts  of  the  sea  opposite  saitabia  riTcrs, 
as  on  the  west  coast  of  Spain  and  India,  and  on  the  f-ast  coast  of  America. 

Oricrinnl  offrjinicall y  fonni'l  limestones  require  not  only  water  free  from 
sediment,  which  may  be  found  between  the  openings  of  large  rivers,  but  an  abun- 
dant supply  of  the  organisms  pradadng  them.  It  ia  seen  from  the  results  of  the 
'  f Miallt'nLTf'r  '  expedition  that  GO  per  cent,  of  the  species  of  such  animal*,  and 
probaltly  a  higher  one  of  the  .specimen.'',  inhabit  the  first  KK)  fathoms,  and  another 
20  per  cent,  the  next  100  fathoms.  Limestones  are  therefore  most  likely  to  form 
narrow  lentides  with  the  long  axis  parallel  to  the  shore,  aa  in  the  ease  of  bairies 
reefs;  and  when  we  fiu'l  thcin  (jrivinpr  place  to  shales,  it  is  not  becnune  we  are 
approachinir  a  shore-line,  but  because  m  going  parallel  to  the  shore-line  we  are 
approaching  a  source  of  sediment. 


6.  Fossils  from  Cretaceous  Strata  in  the  SaJ(  Range  of  India* 
By  Professor  H.  G.  Skblbt,  FMM^ 

Hitherto  there  has  been  no  eTideooe  of  cretaceous  strata  in  the  Salt  Ranga  of 

the  North  of  India.  But  Mr.  Ernest  O.  Fraser,  formerly  of  the  Punjab  Civil 
Service,  has  found  many  f*ix'cie.'<  of  the  type  or  ape  of  the  I'pper  Greensand.  In 
1893  he  crossed  the  8ult  llange  and  made  u  collection,  placed  in  my  hands,  in 
which  are  the  usual  Prunary,  Seeoncbiy,  and  Tertiary  types  indicated  bj  Mr. 
Wynne.  But  in  addition  are  typical  Chretaceotts  species  in  limestone.  Among 
the  more  abundant  are  Spondi/lt/f  m^tnlnfn,^  (Stol),  Spo/tfh/lm  ca/mmf as  (Forbes), 
Hinnitcs  amJaorensis,  and  Ludna  urcotina.  The  specimens  are  in  good  preserva- 
tion, and  weathered  out  from  the  rock.  They  are  from  the  shoulder  of  Sekasar. 
Mr.  Fra-^^er  did  not  draw  a  section ;  but  the  fossils  which  are  deposited  in  the 
Boyal  Indian  Kngineering College  show  that  the  section  must  liave  been  similar  to 
those  given  by  Mr.  A.  U,  Wynne,  except  that  Mr.  Fraser  had  the  good  fortune 
to  find  Gretaoeous  fossils  below  ^e  Tertiary  strata.  This  northward  extension 
of  the  fossils  suggests  that  the  Indian  Cretaceous  sea  fnay  possibly  have  been  con- 
tinuous with  tliat  of  Central  As^ia,  thonph  the  b«'ds  dei^cribed  by  Dr.  F.  Schmidt 
in  Siberia  have  fossils  of  a  Gault  type  which  has  not  yet  been  recognised  in  the 
Salt  Bangs  of  India. 


7.  Investigations  into  the  Glacial  Drifts  of  the  NorUt-ecLst  of  Ireland^ 
eandttoted  hjf  the  Belfael  NafwtiOM  FiM  CM.  By  Madune 
Chribtsr. 


8.  On  the  Brockrama  of  the  Vale  of  Eden  and  the  Evidence  they  afford  of 
on  xiiUtT'Fwfaian  MmmntitA  nf  the  FenninB  FaiuUt.  By  Fbbct  F* 
Kbfdall,  F,G.S, 

The  author  has  been  engaged  during  occasional  vinta  to  the  Vale  of  Eden  ia 
tlis  study  of  the  well-known  Brockram  conglomerates,  which  form  so  conspicuous 
an  element  in  the  PoikiJitic  series  of  the  district.  Tentative  reeult<«  obtained  five 
or  six  years  a^o  have  been  fully  confirmed  by  later  observations,  and  though  the 
inTestigation  is  not  quits  complete,  the  author  leguds  the  presMt  occsrion  ss  sb 
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opportune  one  for  presentinfr  n  preliminary  stntement  of  views  which  have  already 
obtained  some  curreucy  by  auouai  demonstrationa  ia  the  iield  to  acienti&o  societtea 
of  the  North  of  En^faiad, 

The  stratig^phioal  rdations  of  tha  Brockrams  can  be  well  studied  in  the 
almost  continuous  MOttons  whicli  an*  exposed  between  Hoff  Beck,  two  mil*  s  wp.st 
of  Appleby,  and  Braoheober  Common,  three  miles  east  of  the  town.  Tiie  beds 
dip  to  north-east  at  tbout  twenty  degrees,  and  the  succeasion  here  exposed  ia  aa 

St.  Bees  Sandstone  (Trias) : — 

{6.  Shales  and  Sandstones. 

5.  Hilton  Phiiit  Beds. 

_     4.  Mapnesium  Limestones. 

*  -  3.  Upper  Hrockram,  interbedded  with  and  overlain  by  Penrith  Sandatone. 


m  l'^.  Penrith  Sandstone. 
^  'I-  Lower Biocknin. 

Carboniferoua  roekt. 


The  Lower  Brcckrara  forma  a  bold  escarpment  near  lIoU'Beck,  and  the  nature 
of  its  constitueoto  can  oonreoieDtiy  be  studied  in  great  dean  faces  of  quarriea  aa 
•well  an  in  the  natural  exposures.  In  the  course  of  a  careful  examinatinn  of  the 
pebbles  it  was  found  that  all  the  pehbles,  except  some  twenty  or  thirty  at  most, 
consisted  of  Carboniferous  limestone  or  chert,  the  former  well  rounded  and  fre- 
qnaotly  ywy  ibaelliferoiia.  Saccamintt  Cdrteri  was  found  in  one.  The  atoihea 
ranged  in  size  up  to  nearly  1  foot  in  diameter. 

The  few  exceptions  mentioned  alwve  were  hematite,  sandstone,  and  ten  or 
twelve  small  pebbles  of  vein  quartz  such  as  might  be  found  in  the  Milklone  (irit,  the 
Basement  Oarboniferona  eongkmiente,  or,  more  remotely,  aa  veina  In  the  Skiddaw 
Slates.  Recurrences  of  the  same  bed  presenting  the  same  characters  a.a  regards 
the  nature  and  source  of  the  pebbles  are  seen  on  the  west  bank  of  the  Eden  below 
Appleby,  on  Gallows  Hill,  and  at  Hungriggs  Quarry,  east  of  Appleby.  At  the 
laat  two  localities  the  pebbles  have  been  Teiyextenrively  dolomitiaed  snbsequentlT 
to  deposition,  for  they  have  in  many  casee  been  reduced  to  a  mere  shell, 
usually  lined  with  crystals  of  dolomite. 

The  same  aspect  of  the  Lower  Brocknmi  is  nresented  in  the  exposures  at 
Stenhreth  (Kirkbj  Stephen),  and  to  the  northward  or  Hunp^riggs  in  several  auarries. 
It  can  bt>  seen  from  these  nets  that  for  a  distance  of  ten  or  twelve  miles  along  the 
strike,  and  for  over  two  miles  on  the  dtp,  the  character  of  the  pebbles  in  the 
Lower  Brockram  undergoes  uo  change. 

The  Penrith  Sandstone  about  Appleby  attains  to  a  thidmeea  of  probably  a 
thousand  feet,  but  no  exact  estimate  u  possible  owing  to  the  occurrence  of  a  large 
number  of  faults  of  unknown  throw. 

Near  its  upper  boundary  numerous  intercalations  of  the  Upper  Brockram 
conglomerate  oocur,  especially  in  the  section  in  Hilton  Beck. 

The  Upper  Brockram  in  this  section  consists  of  a  rather  friable  conglomerate 
in  beds  of  1  foot  or  2  feet  in  thickness  parted  by  beds  of  sandstone  from  a  few 
inches  up  to  30  or  40  feet  thick.  The  constituent  pebbles  are  partly  of 
Carboniferous  limestone,  very  soft;  and  much  dolomitiaed,  but  other  elements 
freauently  preponderate :  these  are  well-rounded  pebbles  of  vein  <|uarta^  angular 
pebbles  and  bhirk'^  of  quartzite,  fra^'nimif-  of  conglomerate  containintr  vem  quartz 
m  a  quartzite  matrix,  and  finally,  pebbles  of  rhyolite.  At  other  exposures  to  the 
northward,  e.g.,  at  Flakebridge,  the  same  characters  recur. 

'  The  source  of  the  dilTerent  pebbles  may  now  be  considered.  The  limestooea 
are,  of  course,  from  the  lower  part  of  the  Carboniferous  series.  Tiiey  present 
no  peculiar  features;  the  pebbles  of  vein  quartz  are  clearly  derived  from  the 
numerous  quartz  veins  in  tne  Skiddaw  Slate  of  the  Cross  Fell  inlier,  but  their 
thoroughly  rounded  condition  diowa  that  they  must  have  c  < nu  at  an  intermediate 
atage  through  some  pne-Permian  conglomerate.  This  conclusion  is  confirmed  by 
the  occurrence  of  fragments  of  conglomerate  containing  such  pebbles,  which  ia 
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feeognUable  as  the  very  chaneterietie  BaMOieot  Otfbooiferoiat  eoDglomerete  of 

the  Cross  Fell  Range. 

The  angular  blocks  of  quartzite  can  be  matohad  preciaely  by  the  rocka  which 
aoeeeed  the  Baeement  onogrlomerate  of  Roman  Fdl.  The  author  at  one  tine 
regarded  the  rhyolites  as  indisputable  evidence  of  the  exposure  of  the  liorrowdale 
rocks  of  the  Cross  Fell  inlier,  and  donudation  during?  Permian  tim*^  :  but,  while  this 
still  seems  to  be  the  most  probable  explauation  of  their  presence  in  the  Upper 
Broeknun,  it  is  poerible  that  thev  ooold  have  been  derived  from  the  CarimnifiMWia 
Basemeot  conglomerate,  in  which  at  Swindale  Beck  a  few  such  pebbles  occur. 

Setting'  aside  the  rhyolite  pebbles,  there  is  still  a  body  of  evidence  which 
seems  to  warrant  deductions  of  very  great  interest.  The  facts  to  be  explained 
are  the  oeeumnoe  in  the  Lower  Bvodnram  of  a  piaclaeally  pure  gathering  of 
Carboniferous  limestone,  while  the  Upper  Brockram  contains  a  verv  high  percen- 
tage of  rocks  from  the  very  bnsM  of  the  Carbonifen)u«  series.  They  mitrht  be  explained 
on  the  supposition  of  derivation  from  opposite  sides  of  the  Vale  of  £den,  the  Lower 
Brodoram  being  supposed  to  come  from  the  Garbonilbrons  limestone  oatorop 
towards  Orton,  while  the  Upper  Brockram  w^as  derived  from  the  Pemiine  Range. 
This  view  ha^  little  to  commend  it.  If  the  Carboniferous  basement  conglomerate 
were  exposed  to  denudation  during  the  depoaition  of  the  Upper  Brockram,  then 
tlie  Carboniferoiu  limestone  must  have  formed  a  bold  eseupmeot  at  the  tame  time ; 
and,  that  being  granted,  it  is  highly  improbable  that  it  failed  to  yield  the  materiitls 
of  the  Lower  Brockram,  which  at  II ung^ri^gs  is  less  than  three  miles  from  the 
outer  Pennine  Fault  which  exposed  a  series  of  Carboniferous  rocks  in  Pennijin 
timea.^  Upon  the  altemativo  and,  as  it  teems,  preferable  h^thesia  that  thn 
materials  of  the  two  Brockrams  were  all  derived  from  the  Pennine  Cbain^aa  inter- 
Permian  movement  of  the  faults  which  throw  up  the  Cross  Fell  Rai^  and  the 
well-knowu  inlier  eeeuia  necessary. 

Professor  Lapwortb  baa  pointed  cat  that  when  an  antidinal  fold  is  ezpoaed  to 
denudation  the  derivative  beds  will  consist  of  the  same  materials  as  those  of  the 
anticline,  but  in  reverse  order;  the  uppermost  beds  of  the  anticline  will  yield 
pebbles  of  the  lowest  of  the  derivative  beds,  while  the  core  of  the  anticline  will  be 
represented  only  in  the  highest  of  the  derivative  beds. 

This  principle  may  be  illustnfeed  by  the  Tertiary  beds  of  the  south-east  of 
Eng-lrtnd.  The  T.ower  Eocene  conpTomerates  contain  only  flint  pebbles  from  the 
chalk,  while  the  high<level  gravels  which  rest  ou  the  Bagshot  series  contain, 
berides  flint,  many  pebbles  derived  from  the  Lower  Graensand. 

Where,  however,  the  exposure  is  bv  a  fault  scarp,  the  whole  of  the  beds 
exposed  in  the  scarp  will  contribute  to  the  first  formea  derivative  conglonit  ratt"!. 
The  absence  of  detritus  of  the  basement  beds  of  the  Carboniferous  from  the  Lower 
Brodcram  shows  that  the  basement  beds  were  not  exposed  in  early  Permian  taoMs, 
but  a  movement  of  the  fault  exceeding  the  thickness  of  the  Penrith  Saadstone 
broug-ht  the  lowest  members  of  the  Carboniferous  sariea  above  the  aorfaot  at  the 
time  of  the  deposition  of  the  Upper  Brockram. 


9.  Bepcrt  on  the  Srratie  Bloeka  of  ike  BritMk  IiU$,^Bee  Reports,  p.  353, 


10.  The  Conditiona  undf.r  tvhich  ManganeM  Dioxide  has  been  Dejyon/^ 
in  Sedimentary  Rocks,  as  ilht^htUed  bff  the  Elgin  Sand$tonea,  By 
William  Mackie,  M.A.^  M.D, 

Manganese  dioxide  has  been  observed  to  occur  in  the  Elgin  sandstones  under 
the  following  conditions: — (1)  In  ovoid  or  rounded  spots,  from  ^  inch  to  6  inches  in 
diameter,  known  to  the  ouarrymen  as  '  ve^retations,'  at  Newton  Quarry,  in  U.O.H. 
rocks.  Fr  )in  analyses  MnO.,  varies  from  180  per  cent,  to  -262  per  cent.  (2)  In 
small  nodules,  about  \  inch  in  diameter,  in  Trmssic  rocks,  S.E.  of  Cuttisliillock. 
MnOsslS  S?  per  cent.   (3)  In  punctiform  spots  around  decomposing  felspars  in 
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wndBtonct  of  the  Rowlme  divuion,  U.O.R.  Mmdstones  =  •0715  per  4sent.  of  HnQj. 

(4)  In  small  spots  or  lininf?  minute  cavities,  an<l  evid-  ntly  following  carbonate  of 
lime,  in  Triai-sic  rocks  at  Spynie  and  Lossiemouth,  MnO^  =  'OSo  per  cent.  (5)  In 
veins  or  lining  joints,  occasionally  parallel  to  and  some  distance  back  from  the 
jointHplMie.  An  exsmple  horn  Biahopmill,  U.O.R.,  gave  MnO,  1*27  per  cent.  h>  HnO 
*27  per  cent.  (0)  Along  the  upper  surface  and  occasionally  irregularly  diffused 
through  the  interbedded  clayey  bands  of  the  IJo.sebraw  diviwon.  (7)  Uniformly 
diffused  through  the  sandstone  in  thu  same  way  as  the  much  more  frequently 
ooenrring  feme  hydroxide.  Seen  at  Newton,  MilUtone,  and  Gloves  qiuurriee  in  the 
U.O.R.  (8)  In  eome  organic  remains  in  the  same  formation  a  scute  of  Bothrio- 
lepis  major  gave  MnO  233  percent.,  o[  PaamntoHtfux  fai/lDri '8^  per  cent.  (0) 
As  a  brown  or  blackish  staining  on  the  casts  of  organic  rumains.  (10)  As  illuiitra- 
tive  examples  are  eited  fragments  of  eherty  limestone  in  the  local  boulder  clays, 
witii  thl^  interstices  filled  with  MnO.^,  the  carbonate  of  lime  having  been  totally 
removed,  and  a  specimen  of '  black '  »nnd  from  under  boulder  day  on  the  Banifebiro 
coast,  MnO^  6-5d  per  cent.  +  MnO  '4b  pur  cent. 

Experiments  made  by  allowing*  a  dilate  solution  of  manganese  sidphats— thirty 
gnuna  to  the  gallon — to  drip  slowly  on  various  rocks  and  sandstones,  showed  that 
common  chalk  and  sandstone  containing  carbonate  of  lime  were  dnrkoned  in  colour 
within  twelve  hours.  Sandstou^s  without  carbonate  of  lime  were  not  darkened. 
If  the  q^imens  were  first  moistened  with  dilate  ammoais,  caustb  soda  or  potash, 
or  the  carbonated  alkalies,  darkening  to  A  degree  took  place  very  rapidly.  Free 
ammonia  was  found  to  exist  in  every  specimen  of  sandstone  from  the  area  ex- 
amined, and  to  be  particularly  plentiful  in  Newton  sandstone.  An  acid  reaction 
was  obtained  in  some  of  the '  usck '  spots  at  Kewton,  doe,  it  was  beHeved,  to  the 
oxidation  of  sulphur,  which  was  also  present.  Others  gave  a  marked  aUmUoe 
reaction.  The  presence  of  ammonium  chloride  wns  also  denionst  rated  in  a  number 
of  the  sandstone  specimens,  in  thu  presence  of  luumoaia  and  ammonium  chloride, 
manganese  is  only  precipitated  after  it  b  peroxidised,  but  peraxidisation  is  rapidly 
effected  in  1^  presence  of  free  ammonia  or  other  free  allnll.  Though  the  solu- 
tion of  ammonia  and  ammonium  chloride  in  the  .simdstones  is  no  douht  very  dilute, 
it  is  probably,  as  compared  with  the  solution  of  manganese  in  the  indltrating 
water,  vdatively  strong. 

Presuming  the  access  of  oxygen — which  may  be  taken  for  granted  in  the  ease 
of  porous  rocks  like  sandstones — the  explanation  of  the  precipitation  of  manganese 
dioxkie  simply  resolves  itself  into  accounting  for  a  preponderance  of  alkalinity  at 
the  special  pomts  of  precipitation  of  that  substance.  Analyses  show  that  the 
manganese  areas  oontain  excess  of  lime,  magnesia,  and  alkalies,  compared  vrith  what 
obtftuis  in  the  surrounding  sandstones.  This  may  have  heen  n  cause  of  inereast'd 
alkalinity,  and  hence  of  the  precipitation  of  the  manganese  dioxide.  On  the  other 
hand,  it  may  simpler  be  a  concomitant  of  the  precipitation,  and  due  to  the  same 
canse.  The  alkauntty  in  some  of  the  nuuifestations  enumerated  has  undoubtedly 
been  due  to  carbonate  of  lime  (1),  (2),  (4),  (8),  (H);  to  the  ammonia  arising 
from  the  decomposition  of  organic  remains  (1),  (U) ;  to  the  presence  of  carbo- 
nated alkalies  (3),  (5;,  ( G).  (7) ;  and  to  free  ammonia  of  the  sandstone  water  after 
the  total  precipiution  of  the  ferric  hydroxide  in  a  higher  zone  of  the  sandstones  (7). 
The  condiiif)ns  tlmt  are  necessary  for  the  precipitation  of  manganepe  flioxide  are 
the  presence  of  alkali  or  alkaline  tiubstance  in  excess,  soluble  manganese  com- 
pounds in  transit,  and  facility  for  oxygenation. 

Tht  re  is  nothing  particularly  unique  in  the  precipitation  of  manganese  dioxide. 
It  is  simply  an  extension  or  continuation  of  the  same  action  a.s  determines  the 
precipitntion  of  ferric  hydroxide,  and  a  general  separation  is  effected  between  the 
two  substances  by  the  fact  that  the  iron  compounds  fidl  out  before  the  manganese 
as  the  infiltrating  water  containing  them  encounters  further  and  further  supplies  of 
alkali.  The  general  distribution  of  the  two  substances  in  the  Elgin  sandstones 
illustrates  this  natural  method  of  separation,  the  rocki  impregnated  with  secundury 
intiltratiou  of  ferric  iiydroxide  in  a  general  way  occurring  in  a  rone  overlying 
those  impregnated  with  manganese  dioxide. 

Tn  the  author's  opinion  tlip  ninnpnnese  nodules  of  thd  de^hseft  deposits  OWO 
their  origin  to  the  operation  of  the  same  or  similar  causes. 
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As  a  gMMfal  summavj  it  may  be  stated  that  the  prindplei  involved  in 
Weldon's  procea'  for  the  recovery  of  manpranese  were  long  anticipated  and  had 
long  been  io  operation  in  JMatare's  proce«aea  before  Weldon's  day. 


H.  Tha  90»odUed  *  FosiiV  Water  of  Sedimentary  Strata,  ae  iUustrated  6y 
tJi>;  SandOumn  qf  the  Moray  Firth  Bonn,  By  William  Mackib,  M.A^ 

A  Beries  of  determinatioiis  of  the  aoluble  chloridra  and  sulphates  locked  up  in 
the  interstices  of  the  Elgin  sandstones  was  made  to  teat  the  thesis  that  from  such 
an  examination  it  is  poeaible  to  determine  the  character,  as  to  freshness  or  salinity, 
of  Uie  wateia  of  the  oaain  of  ^pont  of  a  series  of  sedimontaxy  rocks. 

In  the  Diesmt  case,  though  some  interestiagr  ade  issues  were  no  doubt  made 
manifest,  tne  re8ult>^  h?^  recrfirfls  the  nmin  ip^no  were  found  to  be  entirely  negative. 
In  all,  thirty-oight  determiuatiuna  were  made :  seven  in  L.O.H.  rocks,  Heventaeu 
in  U.O.R.,  six  in  Triassic,  one  in  Jurassic,  and  for  the  purposes  of  illustration  seren 
in  leeeot  deposits.  The  averages  obtained  were : — 

Cl  per  cent,  so,  per  oenl 

L.O.R  0101  Ol^^o 

U.O.K  -0077  GO*;! 

Triassio     *      ,      •      •      .  -0050  0051 

Jurassic  -0037  0113 

Recent                                         -0049  -0042 

Average  over  all— Cl,  "0063  per  cent.;  SO4,  '000  per  cent. 

Somo  interest  attaches  to  these  averages  in  relation  to  the  question  of  the 
saltnesti  of  the  sea.  They  show  at  least  that  a  fairly  large  proportion  of  that 
saltness  may  reasonably  be  referred  to  the  washing-out  in  past  times  of  the  ehknridee 
and  sulphates  from  sedimentary  rocks. 

The  inerease  shown  by  these  avt»rages  from  the  younger  to  the  older  fonnHtiouB 
— or,  to  put  it  otherwise,  from  the  overlymg  to  the  underlying  rocks — may  be 
ascribed  to  the  washing^in  of  the  soluble  salts  from  the  soifaee  and  eooosnttatioii 
io  the  depths ;  but  doiiDt  may  be  expre^^.'^ed  if  that  covers  the  whole  ease. 

Uemarkable  variations  were  obtained  in  specimens  of  the  same  sandstone  even 
when  collected  in  the  same  quarry.  These  variations  were  in  some  cases  so  ex- 
treme as  to  preclude  any  general  eonelnsion  as  to  the  character  of  the  waten  of 
the  basin  of  deposit.  It  was  also  found  that  the  percolation  of  rain«watef  nay 
reduce  the  chlorides  to  '0005  ])er  rent,  or  less,  and  the  sulphates  to  a  like  quantity, 
or  even  to  entire  absence.  \\'ater  passing  down  joints  and  fissures,  it  was  also 
found,  tends  to  wash  back  the  soluble  salts  and  concentrate  them  at  some  distance 
baekftomthe  fissures.  Chlorides,  and  less  frequently  the  sulphates,  were  found 
to  Increase  in  rocks  secondarily  stained  with  ferric  hydroxide,  and  also  in  the 
manganese  areas  referred  to  in  the  author's  paper.  It  has  been  shown  else- 
where that  traces  of  the  heavy  metals  are  disseminated  through  the  Elgin  sand- 
stones generally,  and  also  tend  to  increase  in  relative  proportion  in  the  mangaaess 
areas.  Increases  in  litae,  magnesia,  and  alkali  have  al>-o  been  demonstrated  as 
obtaining  in  the  same  areas.  From  the  intimate  relationship  of  all  these  m\>- 
stances  it  is  inferred,  with  some  degree  of  certainty,  that  they  formed  part  of  the 
same  general  infiltration.  If  so,  it  must  also  be  inferred  at  the  same  time  that  the 
original  'fossil'  water  of  these  sandstones  must  have  long  ago  been  washed  out, or 
at  least  seriously  masked  in  the  process.  Generally  it  may  be  said  that  such 
washing-out  of  the  original  *  fossil '  water  may  have  taken  place  anywhere,  and 
that  the  results  of  subsequent  infiltrations  nsay  have  themselves  been  replaced  again 
and  again  by  other  infiltrations,  and  so  on.  The  Inference  tlu  reforc,  that  the 
solubh'  salts  of  a  series  of  deposits  represent  the  salts  of  th*-  original  waters  of  the 
basin  of  deposit  musk  in  the  majority  of  instances  be  a  very  uncertain  one,  if  indeed 
any  degree  of  certainty  can  be  clauned  Ibr  such  an  infarmee  nnder  any  diesoH 
stanesa. 
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MONDAV,  SEPTEMBER  15. 
The  following  Papers  wen  read : — 

\,  Oniha  Struelure  uf  Irdand, 
By  Profaflflor  GBBinriLLK  A.  J.  CrOUB,  F,0,S, 

The  more  prominent  pbaaes  of  the  geological  historj  of  Ireland  were  pointed 

<H2t,  mainly  as  an  explanation  of  the  existing  scenic  features  of  the  country. 
Probably  very  little  remains  in  Ireland  of  the  old  Iluronian  continent,  unless 
portions  of  it  have  appeared  again  in  the  cores  of  Caledonian  folds.  The  strati  tied  but 
metamorphoMd '  Dafradiaiis^of  the  weet  may  be  Oambrian,  or  older;  aod  gneias 
is  included  in  the  granite  of  Eastern  Tyrone,  the  latter  being  probably  of  Cale* 
donian  age.  The  gneiss  of  the  ancient  moorland  between  Omagn  and  Cookstown 
is,  moreover,  very  probably  prte-Cambrian.  The  Silurian  sea  must  have  covered  all 
the  Irish  area ;  ana  the  eubaequent  CSaledonian  folding*,  with  ita  axes  running  north- 
east and  south-west, marked  out  the  first  distinct  lines  of  the  existing  country.  The 
arches  became  filled  with  molten  rock  as  they  rose,  and  denudation  ba.<i  np-ain  and 
again  exposed  in  them  a  core  of  granite.  To  this  folding  we  owe  the  guiding  lines  of 
Donegal,  Sligo,  and  Mayo;  the  axis  of  Newrj,  which  reaches  from  the  eea — and, 
indeed,  from  Scotland — down  into  the  midland  counties ;  and,  above  all,  the  long 
mass  of  the  Leinster  Chain,  the  most  important  feature  of  South-eastern  Treland. 
The  granites  weather  iuto  round-backed  moorlands  ;  the  schistose  foothills  give  rise 
to  pieturesque  ridges  and  ravinea  upon  thmr  flanks.  In  the  Dohlin  area,  Mtween 
the  foothilla  and  the  sea,  quartzites  and  slates,  usually  regarded  as  Camlnrian,  have 
added  the  prominent  features  of  Uowth,  Bray  Head,  and  the  two  SugarloaTes  to 
an  already  diversified  landscape. 

The  Old  Bed  sandstone  lakea  spread  across  the  hollows  of  the  Galedoidan 
continent,  to  be  succeeded  by  the  inflow  of  the  Carboniferous  sea.  The  Lower 
Carboniferous  beach-deposits  are  now  round  on  the  summits  of  west  Irish 
mountains,  and  very  little  of  the  country  can  have  escaped  submergence.  The 
Haeynian  fblding  prodooed  the  second  series  of  structnral  Unes^  assisted  by  the 
▼aiying  resistance  of  the  Old  Red  sandstone  and  the  Carboniferous  limestone  to 
denudation.  The  east-and-west  anticlinal  ridges,  from  the  Atlantic  to  the  Irish 
Channel,  with  intervening  valleys,  where  the  limestone  is  protected  in  the 
synclinals,  repeat  on  a  Ixdd  scale  the  structure  of  South  Walea  and  Belgium.  The 
Iblds  swung  round  in  the  neighbourhood  of  the  pre-existing  Leinster  Chain;  and 
the  axis  of  the  Kilkenny  coalfield,  where  the  coal  measures  remain  on  a  high 
eynclinal,  runs  north-east  and  south-west,  like  its  Caledonian  neighbour  on  the  east. 
Ilia  ^reat  limestone  phdn  itself  is  probably  to  be  looked  on  as  a  vast  shallow 
syneUna]  of  the  same  epoch,  into  which,  in  later  periods,  the  Caledonian  and 
Hercvnian  ridges  poured  down  their  detritus. 

marine  Permian  beds  occur  near  Stewartstown,  south-west  of  Loiu;h  Neagh, 
and  also  in  the  north  of  Co.  Down.  The  terrestrial  oonditiona  of  the  British 
Trias  were  continued  into  the  Irish  area,  but  the  remaining  beds  of  this  jperiod 
aU  lie  north  of  Dublin,  and  mostly  owe  their  pn'^ervation  to  the  cappinj?  of 
Omnozoic  basalt.  The  KhsBtic  sea  penetrated  as  iar  west  as  the  Caledonian  hills 
of  Londonderry,  and  marine  conditions  continued  during  early  Lisesic  times.  An 
uplift  then  probably  occurred,  and  the  sea  did  not  return  till  the  middle  of  the 
Cretaceous  period.  The  '  White  Limestone,'  which  forms  80  distinctive  a  feature 
of  the  Antrim  coast,  represents  the  English  Chalk. 

The  gnat  feature  of  the  north  is,  however,  due  to  volcanie  eruptions  of  Eocene 
age.  Owing^  to  the  immense  outpouring  of  basalt  across  the  uplifted  Cretaceoua 
and  earlier  strata,  the  counties  of  Antrim  and  Londonderry  include  hijjrh  igneous 
piateaiix,  cut  by  deep  valleys  in  which  the  underlying  rocks  are  seen.  The  land* 
acapee  doee  around  Bel&st  reveal  the  structure  oi  the  oountrv  in  perfection.  In 
the  west  of  Ireland  dykes  of  basalt^  running  diaraeteristicaUj  north-west  and 
south-east,  are  so  frequent  as  to  ehow  that  the  plateaux  once  prevailed  fmni  Down 
to  tiie  Atlantic  coast.  Sporadic  eruptions  occurred  even  in  the  Galwaj  area,  and 
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basalt  fmgments  prevail  on  the  ^en-floor  between  Ireland  and  Kockall.  Th» 
(Cnnite  of  the  Mourue  Mountaiaa  was  intruded  in  the  same  period  of  unrest,  and 
tbe  pinnaeles  and  xoekj  walls  of  the  group  are  a  siga  of  youth  when  compared 
with  the  oldsr  granite  areas  in  Ireland. 

The  existing-  surface  of  northern  Irt  knd  was  determined  by  the  falling-in  and 
dislocation  of  the  volcanic  country  that  once  spread  northward  to  the  Faroe  Isles. 
Lough  Neagh  thtis  lies  in  a  shallow  basin  fonuBd  during  this  enoeh  of  subeideaoo 
and  decay.  The  long  sea-inlets  of  the  north  and  west,  including  Belfast  I^u^ 
and  the  '  rias '  and  *  fjords  '  of  Connemara  and  Kerry,  originated  about  the  ?ame 
tune ;  but  Ireland,  now  cut  oS  from  the  lost  continent  on  the  north-west,  became 
joined  on  to  the  growinff  continsnt  of  Cainoioie  Europe.  The  spread  of  ice  in 
glacial  times  is  marked  by  num^ous  hills  of  gravel  and  eskers,  especially  in 
tiie  centml  plain,  where  they  form  green  ridges  rising  from  the  boglaiid  and  the 
prairie.  The  oscillations  of  level  that  occurred  between  the  glacial  epoch  and  the 
pnssnt  day  finally  left  Krsla&d  cut  off  horn  Sootlaiid,  Wales,  and  England,  with 
which  her  fundamental  geological  structure  so  obTionsly  connects  hmr.  It  is  inter- 
estinp:  to  note  that  the  most  prominent  features  of  her  landscapes  at  the  present 
day  dejpeud  on  structures  impressed  upon  the  area  far  back  in  Palaozoic  times. 


2,  On  the  Fossil  FiAes  of  the  Low^  r  D^^vanian  Bwfing -slate  of  OrnnHndeu 
tn  Germany,   ByB^B^  Tbaquaib,  if.Z>.,  F,B,S. 

The  fosula  of  the  Lower  Devonian  beds,  known  as  tbe  flunsriick  Slates  in 
western  Germany,  are  marine  in  character,  and  mainly  represented  l)y  starfishes, 
crinoids,  trilobites,  ccphalopods,  and  bivalve  shells,  corals  and  bracbiopods  being 
rare,  while  at  one  locality,  namely,  Gemiinden,  beautifully  preserved  fish-rem&ina 
occur.  These  fossils  are  all  pyritised,  and  consequently  microscopic  examinatioii 
is  impossible.  The  tislies  rhieflv  helmi^r  to  1  irrpanaspi*  t/etniindenensifi  Scldiiter^ 
a  singular  ostracoderm  tish  with  a  mailea  body,  a  scaly  tail,  and  heterocercal  tail- 
tin,  but  no  limbs,  no  teeth,  and  no  true  jaws.  It  is  alued  to  the  Ptevaspidse.  The 
author  next  showed  photographs  of  a  new  and  remarkable  fish  to  whicn,  he  gST* 
the  name  of  Gnniindina  stilrtzi,  the  affinities  of  which  were  doubtful,  though  on 
the  whole  pointing  in  the  direction  of  the  Selachii,  or  sharks  and  rays.  It  had 
expanded  pectoral  fins  like  a  ray,  a  pointed  tail,  a  vertebral  column  with  ring-like 
centra,  while  the  skin  was  covered  with  ossifications,  paaung  on  the  tail  into 
longitudinal  rows  of  scutes.  A  new  species  of  Coccoffmx  (V.  anf/u.<ft/s,  Tj-aq."), 
characterised  by  the  narrow  contour  of  the  ventral  cuirass,  was  next  described. 
This  is  the  first  record  of  Coceostem  in  the  Lower  Devonian  strata  of  Europe. 
The  fourth  form  shown  belonged  to  the  genus  I'MyctemafpU,  chamctsristic  of 
thf»  Lower  Devonian  rocks  of  Herefordshire  and  of  Canada,  and  was  represented 
by  a  portion  of  the  head  of  a  new  species,  Ph.  ffennanicUj  Traq.  The  last  of  the^e» 
fish-remains  treated  of  in  the  present  paper  was  an  interesting  vertebral  column, 
to  whkh,  however,  the  author  did  not  deem  it  advisable  to  affix  «  name  in  the 
meantime. 


8.  On  the  Prolongation  of  the  Highland  Border  Mock  into  Co.  Tyrone, 

By  G.  Bakkow. 

The  author  gives  a  brief  account  of  the  rocks,  Jasper  and  Green  Rock  Series, 
occurring  along  the  southern  margins  of  the  Highlands  in  Kincardineshire.  He 
then  notes  these  ooenrrenees  along  tibe  southern  Highland  border. 

1  lie  occurrence  of  the  same  rocks  in  Anglesea  and  in  N.  Walea  is  also  noted 
and  the  evidence  as  to  their  age  briefly  referred  to. 

A  brief  account  is  then  given  of  their  widespread  outcrop  north  of  Fomeroy, 
and  it  is  shown  tfant  they  bear  the  same  relation  to  the  Highland  rocks  as  m 
K  i  I  Lcardineshiie,  t.«.,  the  two  series  are  sepurated  by  a  persistent  thrust  plane. 
This  had  been  previoudy  traced  by  Mr.  McHeniy,  thoii^h  his  work  is  not  pub- 
liahed 


^  lyui^L,^  1  y  Google 


TEANSACTIONS  OF  SECTION  C. 


611 


Tha  nMtenorpbiMii  of  the  aeries  by  gnuiitie  intnuions  is  briefly  lefemd  to, 
Slid  the  apo  of  the  various  groups  discussed. 

Taking  into  account  the  evidence  from  the  ditferent  area*,  the  author  ooucludes 
that  the  Highland  rocks  are  the  oldest,  and  are  of  Archacaa  age. 

The  Jasper  sad  Gfeen  Rock  Series  thou(:^h  nt  wor  are  most  probably  of  pns- 
Cambrian  ago,  and  not  Areiiig,  as  the  autlior  f  -rnK-rly  supposed.  These  views 
agree  in  the  main  witii  tliosf  put  forward  by  Mr.  Kinahian,  to  whom  the  credit  of 
establishing  the  pr^Cambrian  age  of  tlie^e  Green  Itocks  is  primarily  due. 

 .   » 

4»  The  Fossil  Fhm.  o  f  ilv^  Cn  mbeHnTid  Coalfield. 
By  E.  A.  Newell  Arber,  M.A.,  F,G.S, 

The  Cumberland  coalfield  lies  along  the  coast-line  to  the  west  of  tlie 
mountains  of  the  Lake  District.  The  towns  of  Whitehaven,  Workington,  and 
Maryport  are  three  of  the  most  important  centres  of  the  ooal  industry  in  Cumber- 
land. In  this  district  the  Upper  Carboniferous  rocks  consist  of  two  series,  of 
which  the  upper  is  the  well-known  *  Whitehaven  Sandstone/  This  is  essentially 
an  arenaceous  deposit,  and  is  often  red  or  purple  in  colour.  It  is  generally 
believed  to  lie  unconformably  on  the  '  Coal  Measures '  below,  the  latter  consisting 
of  argillaoeoiis  and  earbonaesoiis  nwterial,  and  oontaining  almost  all  the  worlmUe 
oo«]s. 

The  horizons  of  both  the  *  Whitehaven  Sandstone '  and  the  '  Coal  Measures  '  in 
the  Carboniferous  are  disputed  questioDS.  Recently  some  attempt  has  been  made 
to  throw  fresh  light  on  the  subjeet,  from  the  evidence  of  the  plaat-ismains  which 
occur  in  both  .series,  nlthouf^h  not  so  abundantly  as  in  some  other  coalfields.  A 
full  account  of  the  floras,  and  the  conclusions  which  have  been  attained,  will,  it  is 
hoped,  be  published  shortly  elsewhere. 


6.  The  Foat-Glacial  Deposits  of  thr  Belfast  DielricL 
By  R.  Lloyd  Pkaeoer, 

The  silted-up  head  of  Belfast  Lougli  nnd  otluT  similar  places  in  the  district 
display  a  remarkably  tine  series  of  deposits  extending  from  the  close  of  tiie  Glaciul 
epodi  to  the  ywssnt  day,  with  a  riM!]i  iauna,  from  whwh  much  of  the  history  of 
the  intemniog  period  may  be  gleaned.  A  tj^ical  section  at  Bcdfiist  shows  the 
l(>UoiriBg  sequsnoe : — 

Feet  Inohes 


6 

0 

"-•^^^{Sr/r;  :  :  : 

6 

0 
0 

.  2 

0 

6 

Grey  sand     •      .      .      .  . 

2 

0 

Red  sand  

4 

0 

Boolder  clay  (base  not  feaehed>  • 

.  16 

0 

45 

0 

The  peat  bed,  which  at  Belfast  is  20  feet  below  low- water  level,  reappears 
between  tides  at  various  other  places  in  the  district.  It  represents  an  old  land 
surface,  and  its  fossils  include  the  '  Irish  Elk.'  The  blue  clay  is  the  most  im- 
portant bed  of  the  series.  Two  divisions  can  be  clearly  distinguiahed  in  it,  the 
lower  clay  being  littoral,  and  characterised  by  such  shells  as  Scrohlcularia 
piperatUf  the  upper  yielding  an  abundant  fauna  pertaining  to  five  to  ten  fathoms 
of  water ;  Thracia  cmvejca  is  a  characteristic  fossil.  In  both  clays  some  of  the 
hmlvM  occur  in  beds^  saeh  shell  in  its  natural  position,  and  many  of  the  species 
attua  fsmarkaUy  laigo  psopoitioin*  In  places  the  Screbicukaria  clay  is  overlaid 
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by  raised  beaches.  Thus,  at  Lame,  20  feet  of  stratified  graveb,  contaiBinn^ 
marine  shells  and  neolithic  implements  throughout,  replace  the  Thracia  claj,  and 
terve  to  date  it.  The  fauna  of  the  Thrmdn  eiaj  has  a  dittinetljr  aoatheni  Mpeet 

when  compared  with  the  pr(\<5ont  fauna. 

As  rep-ards  oscillations  of  level,  the  peat  proves  a  level  higher  than  the  present 
iu  certain  places  by  at  least  30  feet.  Subsidence,  irregular  both  as  re^arda  rate 
and  ares  affected,  superseded  to  the  extent  of  50  to  80  feet ;  the  final  elevAtion, 
which  brought  about  the  existing  state  of  thinji-s,  amounted  to  30  or  40  feet. 

As  reg^ards  climate,  the  northern  fauna  of  the  Glacial  period  appears  to  have 
pa^ssied  away  by  the  time  the  peat  was  formed.  Southern  species  immiin-ated  till 
the  moUuaean  iaona  acquired  a  distinctly  soutbam  character  in  the  upper  Une  cday ; 
then  the  seas  became  again  colder,  and  the  praaent  beal  moUuaean  fiiuna  haa  a 
distinctly  northern  aspect. 


TUESDAY,  8SPTBUBBR  16. 

The  foilowiog  lieports  and  Papers  were  read : — 

1.  Rtpori  on  Me  Movements  of  Utiderground  Waters  of  B,  VT.  Ywhiwrt^ 

See  BeportSi  p.  224. 


2.  Rapwi  <m  lAe  CoKec^ton  wnd  PreiorvaUon  of  Pliotographa  o/ 
OeoUgieal  IrUereiL—8te  BeporCa,  p.  229. 


3.  On  the  Vcdh'ya  at  the  Hecui  of  the  Ilardanger  Fjord,  Korway, 
By  Horace  Woollastox  Moncktox,  F.L.S.,  F.G.S. 

Above  the  head  of  the  Ilardanger  Fjord  there  is  a  great  moorland  with  a 
level  of  over  2,000  feet.  It  is  an  old  laud-surface  of  at  least  pre-Qiacial  daie^ 
with  rounded  hilla  and  wide  shallow  ^^nU^a- 

The  plateau  upon  which  thetsnowneld  Ilardanger  Jokul  lies  and  a  few 
mountain  tops  attam  a  still  higher  level,  and  maji  as  suggested  by  Dr.  Beoaehy 
be  remains  of  a  far  older  land-surface. 

In  the  moorland  deep  narrow  valleys  have  heen  cut,  firohably  the  reaolt  of 
a  rise  of  the  land  before  or  at  an  early  part  of  the  Olacial  period.  It  is  suggeated 
that  the  hollow  in  which  the  Hardanger  Fjord  lies  may  nave  been  ezcaTated  at 
the  time  of  this  elevation. 

The  author  teaces  the  oouraa  of  the  River  Bjoreia,  acroaa  the  prM^ladal  ear- 
face  to  the  Voringfos  (waterfall),  where  it  plunges  into  the  deep  narrow  valley 
Maabodal.    He  agrees  with  Dr.  Reusch  that  the  precise  direction  of  this  valley 
is  due  to  lines  of  weakness,  or  cracks  in  the  rocK,  and  that  the  valley  is  not  a 
flaaure  vaUev,  hut  haa  heen  excavated  by  water  aaaiated  by  iee. 

The  author  was  struck  by  the  resemblance  of  the  head  of  the  VlUe^  at  tilt 
Voringfos  to  a  giant's  chaldron,  and  fiup^gests  that  much  of  the  excavating  maj 
have  been  the  work  of  sub-Ciiacial  streams  when  ice  covered  the  surface. 

The  MaabSvand,  a  talua-dammed  lakBfia  deaoribed.  Balow  it  the  ther  enteia 
the  aide  of  a  wide  section  of  the  valley,  and  poaaibly  the  head  of  tiie  vaJley  was  at 
one  time  at  this  point. 

A  little  below  Tveit  there  appears  once  to  have  been  a  small  lake  formed  by 
morame. 

At  SsebS  the  vaUej  unitea  with  ^jttlmodal,  and  aome  interaating  tettaoea  are 

described. 

Below  is  the  lake  Eidfjordsvand,  formed  by  a  great  moraine.  Dr.  Brogger 
haa  abown  that  daring  the  early  part  of  the  Ice  age  the  land  elood  much  hi^er 
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than  now.  Siibserinently  depre-ssion  took  place,  but  towards  the  close  of  that 
period  elevation  again  bet  in,  and  the  terraces  at  Scebo  and  others  below  the 
li!idQoidsvRiid  ara  tae  zeault  of  tliia  last  aleration. 


4.  1%$  Mvidence  oftlie  Uydrothermal  Metamorphism  of  the  Schists  of 
South  Devon.    By  A.  R.  Hunt,  F.G.S. 

The  author  contends  that  a  dominant  cause  of  alteration  in  the  Devonshire 
schists  was  the  presence  of  water ;  in  other  words,  that  as  the  presence  of  some 
dagno  of  haafe  k  not  disputed  the  metamorpliiam  was  hydrotbonnal. 

Ha  difidss  the  sobiats  into  two  groups : — 

1.  Rocks  yrisixStL  have  been  variously  called  cMorite-seliists,  homUeiide-flelusts, 

epidote-Bchists — or,  generally,  green  rocks. 

2,  Mica-schists,  more  or  less  associated  with  quartz-schists. 

The  schists  of  the  first  group  are,  he  observes,  usually  attributed  to  the  altera- 
tion of  basic  augitic  rock ;  they  were  originally  composed  of  anhydrous  minerals, 
jpyroxenes,  and  ralspars. 

Evidence  is  adduced  to  show  that  they  now  havr  1)000™!?  transformed  into 
rock,  consisting  of  amphibole,  epidote,  zoisite,  and  chlorite  ;  the  three  last  of 
these  contain  water  of  crytitAllisaliou,  together  with  albite,  which  in  these  rocks 
is  occasionally  chai^fed  with  actual  water.  In  short,  he  remarks  that  llie  one 
characteristic  substance  which  by  way  of  addition  distinguishee  the  gieen  xocks 
from  their  assumed  parents  is  water. 

lie  then  deals  with  the  second  group,  showing  a  similar  result. 

Thus,  he  nunntains,  the  hydro-metamorphisoi  of  the  dJatriet  seems  piettj  wstl 
established ,  and  contends  that  whilst  thermo-dynnmic  metamorphism  is  admitted 
in  South  Devon,  the  universal  presence  of  water  in  the  newly  constituted  rocks 
compels  us  to  asbign  a  very  important  position  to  hydro-metamorphiam  as  an 
agent  of  change.  It  ia  not  so  mueh  that  water  most  hare  been  present  during 
the  metamorphic  proc  as  that  it  is  in  the  lodn  now,  and  oould  not  haTO  been 
introdttoed  since  theiz  cxystallisation. 


5.  Note  on  the  Scenery  of  Ceylon. 
By  A.  K.  CooMlBASwiMT,  B^c^  F,LJ3,,  F.6JS. 

It  is  probable  that  Ceylon  has  been  exposed  to  oootinuons  denudation  since 

very  early  Palaeozoic  times.  The  foliation  of  the  crystalline  rocks  has  had  a 
marked  influence  in  determining  the  directions  of  the  river  valleys  and  the 
general  configuration  of  the  country.  The  foliation  strike  is  usually  from  N.  to 
N.W.  Many  rivers  have  a  similar  direction,  as  esamination  of  a  map  will  show. 
A  north-and-south  strike-valley  runs  from  Wattegama  to  Dambulla,  followed  by 
the  railway  as  far  as  Matale.  N.N.W.  valleys  are  conspicuous  N.  of  Hunaagiriya. 
The  Mahaweli  Ganga  valley,  south  of  Peradeniya,  is  a  strike-valley ;  another  good 
example  is  the  vedley  running  N.W.  from  fiiUton.  Each  of  these  valleys  is 
followed  by  the  railway.  Other  conspicuous  N.W.  valleys  (probably  strike- 
valleys)  are  those  between  Kurunepala  and  Matale;  and  N.E.  of  Adam s  Peak 
and  8.  of  liatuapura.  A  small  area  east  of  Kandy  has  been  examined  in  detail, 
and  shows  a  diagrammatic  system  of  strike-vallevs,  with  others  at  right  angles 
thereto,  the  strike  being  here,  however,  more  nearly  east  and  west  than  is  usually 
the  ca.se.  The  bands  of  limestone  may  have  had  some  effect  in  determining  the 
actual  positions  of  these  valleys.  Of  course  all  valleys  in  Ceylon  are  not  strike* 
Talle3rs;  thus  the  Mahaweli  Ganga  valley  crosses  the  general  atarike  below 
Gettembe  (E.  of  Peradeniya),  forming  a  series  of  rnpids. 

A  characteristic  feature  of  the  scenery  of  Ceylon  in  many  parts  is  its  precipitous 
character ;  the  seemingly  '  bedded '  grauulites  form  mural  escarpments  and  dip 
slopes,  aa  if  th^  were  a  serisa  of  aedunentaiy  focka 
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The  above  remarks  apply  only  to  the  mountainous  districts  which  occupy  the 
south  central  part  of  (Jeylon.  A  low  coastal  plain  fringes  the  island,  partly  of 
•Unvkl  and  putlj  of  nisad  beach  origin ;  tea  eliffii  an  ahaent  or  foy  umiaaalt 

and  even  any  coaat  exposures  of  rock  are  not  common.  In  the  north  a  grater 
area  is  flat  and  low,  and  the  scenery  re^emble^  that  of  Southern  India.  laolated 
hills  of  gneiss  (DambuUa,  iSigiii,  &c.)  rise  conspicuously  from  the  plain* 


6.  On  some  Neiv  Fossils  from  Penmorfa^  and  their  Bearing  on  fli^  Cainbro- 
Ordovician  tSuccession  near  Tremadoc.    By  W.  G.  FfiAB^siDKS,  Il.A,^ 

FM.S. 

The  beds  between  the  mid-Lingula  Flags  of  the  hill  west  of  Penmoiik  Church 
and  the  foarilifisarara  beda  of  Panmorfa  riUage  show  a  oontinQoaa  sqeooerion. 

The  Uack  upper  Linprula  Flags  include  near  their  base  a  4-inch  band  of 

limestone  made  up  of  Orfhts  Iptitirnlarix,  and  about  100  feet  liijlier  a  band  full  of 
JWolo/ifia  apinulosa,  Hj^harophthalmus  alatus,  Ctenopwe  ptcten^  and  especiallj 
AgtMimrfT,  Anotner  band  some  80  feet  higher  ia  the  one  imieli  Sjwded  to 
Ramsay  aud  later  workers  their  best  specimens  of 'Lower  Trenadoc '  xyOobitea, 
especially  Niohe  honi  frayi  and  Pseiloc^phalus  innotntus:  thew  are  oawcittod 
with  Theca,  Urmenocaris,  and  small  Trilobites,  probably  new. 

About  50  feet  higher  comes  the  IKetjonema  zone,  crowded  with  Dictyooema 
itaelf :  it  is  underlain  by  ahud  *indiOitor'  bed  of  flags  with  small  Aootnta. 
I  have  followed  tho  Dictynnpma  zone  from  Penmom  round  the  west  and 
aouth  of  Moel-y-Gest  a^s  far  as  Borthwood,  and  And  that  at  Wem  and  Llanerch, 
as  at  Tyn-Uan,  it  overlies  the  beds  from  which  Ramsay  obtained  hb  '  Lower 
Trenuufoc '  fossila.  Then  follow  some  900-400  feet  of  a.^  yet  unlbanUferoaa  ahaka 
and  flags,  which  pass  continuously  up  to  the  thin  band  of  ralcarenus  and  micaceous 
flags  exposed  in  tront  of  the  Post  Ofhce  at  Penmorfa.  These  beds  have  yielded 
me  a  ricn  fauna  which  is  closely  related  to  that  of  the  Sheinton  beds  of  Shropshire, 
but  is  even  more  like  that  of  tlie  ^Iiallow-water  deTdopment  of  OeiailOpjgO  dMlca 
deeczibed  bj  Mobeig  from  the  idand  of  Oelaad : — 

Shumardia  cf.  oelandiM  OU)nis  triarthrut 

Swmphytwnu  erqftii  OUmu  uUUri 

(All  Sheinton  apedM.) 
Cgratopifgefor/icula  Ckrirurui  d^ffveoUfhu 

Species  abundant  in  Swed^  but  hitherto  unknown  in  Britain. 

witli  these  are  several  now  fonna»  and  excellent  epecimeoa  of  all  the  well- 
known  Tremadoc  species : 

IHceUocepkaltts  furca,  Cotwcoryphe  veri/nmilia,  Ogygia  Stlrcynii  (forms  usually 
rtfeiied  to  as  *l^wer  TrMnadoc*);  Angelina  udgnickii,  var. ;  Cheirurvs  fredrici, 
Ampyw  ?  j>ret^vniiitMt  and  veijr  many  Awpkellus  komjra^  (fonna  usoallj  tanned 
*  Upper  Tremadoc '). 

Theee  beds  are  orerhun  by  atmslar  but  leea  foMfifisrouB  ahalea  whidi  ^iflid, 
along  with  Asaphellus,  the  normal  form  of  Angtlina  sedgtcickti.  Above  this  tho 
beds  are  disturbed,  and  often  converted  into  an  Anpf^n-ishale,  which  in  pUcea 
contains  masses  of  the  well-kuown  pisolitic  iron  ore  of  Tremadoc. 

At  a  spot  on  the  GOO-foot  contour  900  jarda  N..6^  W..  of  Hm  ftim  Tyddyn- 
dicwm-uchaf,  I  have  obtained  graptoUtea  tn  ntu,  TheBO  Miaa  ENea  haa  \aaOf 
determined  for  me  aa  follows : — 

Didymogrnplug  tvperstet  Dieranograpitn  ramosiix 

Ccenograpt u*  gradlU  JHcranograptut  zigzag ^  var.  miatmiu 

JHeellograptus  mtiant  €^iouograptu»  kmBitU 

Dicellograpf  Hit  Infortiu  Diplograpliis  trhUfieldi 

JHoclU^grajptut  oadweu*  (Mmacogra§ftui  icMarmbergi 

JHplograptus  angustifolitu  T 
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Tham  fMnls  oeonr  in  a  bud  of  hud  blue  alttof  wbieb  only  splits  after  being 
erpoeed  to  the  weather  for  a  time.  It  passes  up  into  a  crushed  Au^ren-ahale, 
containing  ashy  material,  and  appears  to  be  the  bed  immedijiteljr  imderljing  tbe 
earliest  Tolcanic  ash-beds  of  thi«  regioa. 


7.  J^reliminari/  Kote  on  a  Carboniferous  Fish  Fauna  from  VicCoriOf 
Auttralia.    By  A.  Smith  Woodward,  LL,D.,  F,R.S, 

The  researches  of  Dr.  Traquair  have  proved  that  in  Britain  there  is  a  definite 
succession  of  Devonian  and  Carboniferous  fish  faunas.  When  surticiently  well- 
preserved  fosula  are  available,  these  £aanae»  can  be  readily  du»liDguished  and 
lecogniaedy  woA  they  always  ooenr  in  the  aame  ttntigraphiieil  otder.  Then  is 
also  coneidmible  evidence  of  a  similar  laooeMion  on  the  oontinent  of  Earope,  in 
Spitzbergen,  and  in  North  America. 

-Much  interest  was  therefore  aroused,  twelve  years  ago,  when  the  late  Sir 
Frederick  M'Coy  announced  that  a  mixture  of  representatives  of  all  these  different 
ftnnaa  had  been  disooveied  in  a  bad  of  Pi]»oioie  Red  Sandatone  in  Aoatr^ia.^ 
Theee  foarile  were  found  at  the  eappoeed  base  of  the  Carboniferous  system  in  the 
valley  of  the  Broken  Hiver,  near  Mansbeldy  Victoria.  The  first  fragments  were 
'ILicovered  by  Mr.  Reginald  Murray;  a  larg^e  series  of  remains  was  afterwards  col- 
Kt.'ted  by  the  Kev.  A.  Cre^swell  for  the  Geological  Survey  of  Victoria;  and 
valuable  additions  were  also  made  by  Mr.  George  Sweet,  F.G.S.,  of  Alelbourue. 
The  oompleto  ooUeetion  ivaa  phused  in  the  Melbourne  Moaeani,  and  Sir  Fiederiek 
M'Coy*s  report  was  the  result  of  his  preliminary  study  uf  it. 

Unfortunately,  notwithstanding  the  interest  of  this  important  discovery,  no 
deBnite  information  concerning  it  lia-s  hitherto  been  published.  Before  his  death 
M'Coy  was  only  able  to  supervise  the  dravving  ot  some  plates  to  illustrate  a 
nemoir  which  he  hoped  to  prepan.  13ie  specimens  proved  to  be  too  fragmentary, 
and  the  mateciab  ftor  comparison  in  the  Australian  museums  too  inadequate  for 
him  to  arrive  at  any  satisfactory  resulta.  The  whole  collection  has  therefore  been 
?**nt  to  me  by  Professors  Baldwin  Spencer  and  J.  W.  Gregory  ;  and  at  present  I 
am  engaged  in  the  work  of  preparing  tbe  projected  memoir  for  the  Geological 
Survey  of  Victoria. 

With  ample  ftdlities  for  the  study  of  the  colleetioiii  it  now  appears  that 
M'Coy*s  origuial  xeport  was  based  on  a  complete  misinterpretation  of  many  of  the 

fragments.  Far  from  displaying  a  *  mixture  of  Lower  Devonian,  Upper  Devonian, 
and  types  related  to  some  of  the  Calciferous  Sandstone  series,'  a.s  M'Ooy  supposed, 
the  Broken  Biver  coiiectiou  \^  typically  and  essentially  Carboniferous;  and  some 
of  the  specimens  are  of  great  interest^  Mth  from  the  idnthyologist's  and  from  tha 
geologist's  point  of  view. 

None  of  the  specimens  or  drawlnpfs  are  labelled  with  the  names  proposed  for 
them  by  M'Coy,  and  none  of  his  manuscript  notes  are  forthcoming.  1  am  thus 
unable  to  recognise  all  his  identifications  with  certainty.  Most  of  them,  however, 
SIS  distinguishable ;  and  it  is,  in  any  case,  sure  that  I  have  the  whole  of  the 
BQaterial  which  was<«t  his  disposal. 

The  fossils  regarded  \gj  M*Coy  as  Lower  Devonian  in  ftcifls  received  the 
names  of  jRfjtifla.^yis  mnrrnifi  and  Pteraf^pu  (?)  viayi.^jiehleijsh.  The  former 
was  said  to  be  of  the  same  shape  as  CepAalmtpiH,  the  latter  not  more  than 
gentricuiiv  distinct  from  Fterasjns,  There  are,  however,  iu  the  collection  no 
f«mams  either  of  Oe^halaspdians  or  Pteraspidians,  or  any  types  related  to  them. 
1  do  not  know  to  which  fossil  the  name  RytidcupU  was  applied,  but  it  is  evident 
that  impreR^ions  of  some  gfttlar  plates  of  a  large  Bhisodont  fish  were  mistaken  for 
tbe  supposed  Fteraspis. 

The  determination  of  the  remains  claimed  to  be  of  a  later  Devonian  type  is 
equally  nnsatiBfiictory.    The  only  Acanthodian  suflBciently  well  preserver  I  for 

^  F.  M'Coy,  *  Report  on  Palaeontology  for  the  year  1889»'  ^mi.  JUm,  See,  JRmm, 
Victoria,  1889  (1890)»  pp.  23,  24. 
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difcussion  is  not  apecially  relnted  to  the  Devonian  forms,  but  hn=^  the  elongate  shap^ 
charaotpristic  of  the  genera  of  the  Carboniferous  and  Trrmian  periods.  The 
Ac&Qthodian  fragment  compared  with  the  Devonian  CheiroUpis  (which  is  not  aa 
AcftBtboditn)  is  too  impeneet  for  coiuideration.  The  so-called  teaks  of  the 
Devoniftu  Glifptolrpu,  or  an  allied  genus,  evidently  belong'  to  the  large  Rhizodont 
already  mentioned,  and  clos«  ly  ivsemble  the  8cale.><  ot"  the  Tvower  Carboniferoua 
Mhizoiiia  itself.  The  Au&tralian  hah,  however,  does  not  belong  to  the  latter 
genus :  it  has  teeth  rooikd  in  tnuBsrene  seetioo. 

The  most  intere.«itinpr  of  all  the  genera  represented  in  the  collection  is  one 
rightly  reeogniised  by  M'Coy  as  an  Elaamobranch  allied  to  the  Carbor.ifHr  uis 
GuracantAus.  Jt  is  named  Gyracanthideif  ia  a  round-bodied  Ac&niiiodxaa 
fisn,  apparently  toothless,  with  tlie  o(»iii|NustiTely  small  and  sfinoos  pslvie  fins 
sdTanccKl  far  forwards,  as  in  Acanthodes.  Its  doffsal  Am IttTe  DOt  bsfltl obseiiedy 
but  its  small  anal  fin  is  armed  with  a  spine. 

There  is  also  evidence  of  a  small  Dipnoan  fish  with  teeth  and  scales  liise 
tliose  of  the  Garbonifeioiis  sod  Permian  Sagmodua,  The  typically  Osrbooifefoim 
PsleoniscidsB  in  the  collection  are  related  to  Elonichthyt. 

There  is  thus  no  abnormal  rainplinp  of  genera  in  the  Early  Paleeozoic  fish 
fauna  from  the  Broken  liiver,  Victoria.  It  is  a  typical  Carboniferous  assemblage 
witboat  tny  siCriiMoiis  elements. 


8.  A  Summary  of  the  Frineutal  Changes  in  South-ecut  England  during 
Pliocene  nnrl  more  SeCMt  Ttmot,  By  HORACX  WoaLLASTOK  MONCKTOX, 
^.X*4$.|  Jf\G»S» 

(dt)  Period  ^depmmon  in  Somtk-^tut  SngUmd, 

1.  Deposition  of  the  bed  from  which  the  Box  Stones  came. 

2.  The  Leiiham  Ded.s.  Sea  40  fathoms,  extends  toOuildfosd,  sbsUs  BOt  XOlM 
lerel  1,000  feet  lower  than  now  (Diestian). 

(6)  BUvatkm  t»  Sfnath-omt  England,  but  depnmiotn  eontinues  oner  admary 

of  Rhine. 

3.  Gravel  with  large  flints  of  Upper  Hale,  Alderriioty  and  the  PebUo  Gravel 
'  Westleton '  of  the  Cbiltems. 

4.  OorslliDe  Crag,  submarine  banks  in  rather  shallow  water ;  climate  that  of 
South  Europe. 

T^dCregof  Walton  sod  Sesldidsn  of  Belgium;  setsboredsposirs^Glimats 

rather  warmer  than  now. 

Tbe  beds  with  Corbula  gibba  (Poederlian)  complete  Belgian  serieSy  and  that 
eonntry  becoraes  drv  land. 

0.  Red  Crag  of  hentley,  Newboom,  Btttlsyi  sssslioxe  deposits.  The  Amsteltsi 

of  Holland.    Chmate  colder. 

(c)  The  dtpremen  ef  the  eetwtry  ^  tAe  Jihine  txtmie  to  Somth-oMt  EnylmkL 

7.  Norwich  Crag  deposited  in  ses-wster  of  wide  cstasry.  GhiDesfbid  Clsjy 

shells  not  rolled  or  water-worn,  level  lower  than  now. 

8,  Weybourne  Crag  and  Bure  Valley  Beds,  depression  extending  and  cona^ 
qnent  introduction  of  fettina  hatthka, 

(d)  Period  of  great  and  ea  tengive  elevation. 
0.  Cromer  Forest  Bed,  level  and  climate  as  now. 

10.  Leda  My  alia  Bed,  marine  with  oyster*beds,  shells  in  position  of  life. 
Slight  local  depression. 

11.  The  Chobbam  lodges  OrsTol  and  tbo  Plstesu  Gitfsls  anmnd  Beodiflg 

over  300  feet  O.D.  come  in  here. 

12.  Arctic  Freshwater  Bed,  flood  loam  with  ^tiectiiea. 
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The  shells  of  Blidlinffton  Shell  Bed  lived  about  this  time. 

The  Cromer  TiU  and  Contorted  l>rifr.  First  great  ice-8h'\'t.  Lower 
Boulder  Clay  of  many  places,  Bhdliugtou  Shell  Bed^  and  Shell  Bed  of  Aloel 
TrjfaeDi  &c.   Land  higher  than  now. 

(e)  Depremon  possibly  only  local  in  South-ecut  England. 
14.  The  Middle  Glacial  Sand  and  GraTel»  xetnlt  ftom  meltixig  ioa. 

(/)  IModqfrewmedffnat  elevation  possibly  oimimuom  vitA  period  {d^ 

in  the  far  north, 

16.  The  Great  Ohalky  Boulder  Clay.  Ice-sheet  extending  over  large  area. 

N.B.  -At  some  time  during  Period?  (d),  (e),  (/),  the  land  in  North  Europe  wat 
raised  to  some  8,000  feet  higher  than  now,  and  this  is  probable  date  of  00inpletiQi& 
of  excavation  of  Scottish  lochs  and  Norwegian  fjords. 

(y)  Period  of  depreuion. 

16.  Corbicula  fluminalis  Beds  of  Grays  and  Orajftfd.  liammiUiAlOUB  beds  of 

Sewerby  and  Hesale.    Slight  depression. 

Marine  Gravel  of  Iloldemess  lUO  feet  O.D.,  Brighton,  Goodwood,  &c.,  li&i^ed 
Bfitcheg.  Fnrthw  depresawn. 

(/i)  Period  of  ehvation  over  large  area.    Last  great  ice-sheet. 

17.  Plateau  Gravel  of  Norfolk  in  part,  and  mvcb  of  the  Thamea  Terrace* 
gravel,  Purple  and  Hassle  Clay  of  Yorks. 

8hell»b>m  of  RodBtU,  fte.^  ahow  elevatioii  of  Icdaitd»  Seotland,  Norway,  t» 
aome  000  feet  higbeir  lhan  now. 

18.  Mundeslev  '  River  Bed*  near  close  of  this  period. 

Probably  the  liaised  Beach  of  Clarton,  kc,  belongs  to  a  final  period  of  depref- 
•ion  (time  of  Yoldia  Clay  of  Christiania;,  and  in  Norway  there  was  a  subset^ueni 
elavatkm  during  which  the  tenaoaa  in  the  Qords  wera  formed. 


9.  Report  on  Lyfi-zones  in  the  Britvth  Carboniferous  JRocIts, 

See  Keports,  p.  210. 
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Sicnov  D.— ZOOLOOT. 

pBSBtsJun  Of  zu£  SsouoK— ProfiMaor  G.     How£b,  D,Sc^  LL.D.,  F.RJS. 


TBtTBSDAT,  8EPTSMBER  11. 
The  FMddent  deUveved  the  follofwiiig  Addreet 

Tlie  Morj^tological  Method  and  Progress 

It  is  now  twenty-elpht  year^  since  this  Association  last  as?einlDled  in  Belfast,  and 
to  those  present  vrho  can  recall  the  meeting  the  proceedings  ot"  Section  D  will  l^e 
beet  remembered  lor  the  delivery  of  an  address  dv  iluxiev  *  On  the  ilvpothe&ia 
thtt  Animals  are  Automata,  and  its  History/  one  of  the  finest  philosophic  pro- 
ducts of  his  mind.'  At  that  date  tlie  zoological  world  were  about  to  embark  on  a 
period  of  marked  acti\  ity.  Fired  by  the  influence  of  the  '  Origin  of  Species/ which 
Lad  survived  abuse  and  was  taking  immediate  efl'ect,the  zoological  mmd,  accepting 
tilie  doctrine  of  evolution,  had  become  eager  to  determine  the  lines  of  deeeent  <w 
animal  forms,  ^fnrine  observatories  were  in  tlieir  infancy;  the  *  Ohallenp-er'  wa? 
Still  at  sea  ;  the  8tudy  of  comparative  erabryolon-y  was  but  then  becommi;^  a 
ecience ;  and  when,  reflecting  ou  this,  we  briefly  survey  the  present  field,  we  am 
bnt  stand  astonished  at  the  enormity  of  the  task  which  has  been  achieved. 

Development  has  proceeded  on  every  hand.  The  leavening  influence,  pprondlnij' 
with  sure  eflect,  ha.»*  in  due  course  extended  to  the  Antipodes  and  the  1-last.  in 
each  of  which  portions  of  the  globe  there  have  uow  arisen  a  baud  of  earnest 
"wmtkBTs  pledged  to  the  investigation  of  their  indigenous  fauna,  with  wUdi  they 
are  proceeding  with  might  and  ninin.  Of  the  Japanese,  let  it  l)e  said  that  not  only 
have  they  filled  in  gaps  in  our  growing  knowledge,  for  which  they  alone  have  the 
materials  at  hand,  but  that,  with  an  acumen  deserving  the  highest  praise,  they 
have  put  OS  right  on  first  principles.  I  refer  to  the  fact  that  they  have  shown, 
with  respect  to  the  embryonic  membranes  of  the  common  chick,  that  we  in  the 
W'est,  with  our  hist<iric  associations,  our  methods,  and  our  ^kill,  contenting  our- 
selves with  an  ever-recurring  restriction  to  the  germinal  area,  have,  by  an  error 
of  orientation,  missed  an  alMmportaat  aeptam,  displaced  under  an  inequality  of 
growth.- 

Those  of  us  who  have  lived  and  worked  throughout  this  memorable  period 
have  had  a  unique  experience,  for  never  has  there  been  progress  so  rapid,  accumu> 
lation  of  obsenrations  so  eitensive  and  exact.  Of  the  386,000  living  animal 
apecies,  to  compute  the  estimate  low,'  everyone  available  has  been  lain  underhand, 
with  the  result  that  our  annual  literary  oiit|H!t  now  amounts  to  close  upon 
10,000  contributions,  the  description  of  new  genera  and  sub-genera,  say  1,700. 
More  than  one  half  of  this  vast  series  refer  to  the  Ineeeta  alone ;  but  notwiOh 
standing  this,  the  records  of  facts  of  .structure  and  development,  with  which 
mo8t  of  U8  are  concerned,  now  amount  to  a  fonuidable  mass,  calculated  to  awe  the 
unlettered  looker-on,  to  overwhelm  the  earnest  devotee,  unless  by  specialising  he 
can  seeoie  relief.  As  an  example  of  what  may  occur,  it  may  be  lemulnd  that  a 
recent  exploration  of  the  great  African  lakes  naa  resulted  in  the  dtscoveij  of  over 
ISO  new  species.^ 

t  For  Lbt  of  Beferances  see  p.  636. 
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As  to  the  nature  of  this  unpTecedented  progress,  it  will  suffice  to  consider  the 
Earthworms.  In  1874  few  were  known  to  us.  An  advance  in  our  knowled^, 
which  had  then  commenced,  had  made  known  but  few  more  which  seemed  likely  to 
yield  result.  Dirwin's  book  upon  them  hid  not  appeared.  Some  were  exotic, 
it  is  true,  but  no  one  susppcted  that  a  group  so  restricted  in  their  habits  could 
reveal  aught  beyond  a  dull  monotony  of  form  and  structure,  Never  was  surmise 
more  wide  of  tne  mark,  for  the  combined  investigations  of  a  ^ore  of  earnest 
irorinn  in  all  parts  of  the  world  have  in  the  interval  recoxded  some  700  odd 
species  of  about  140  genera.*  Mainlj  exotic,  they  exhibit  amons:  thomsj'lves  a 
structural  variation  of  the  widest  possible  ranpe.  Not  only  do  we  recognise 
littoral  and  branchiate  forms,  but  others  achsetouti  and  leech-like  in  habit,  to  the 
«xl0Ot  flf  tiia  diKovenr  of  a  morphological  overlap  with  the  leech^,  under  whicb 
we  are  now  compelled  to  remove  them  from  their  old  association  with  the  flat 
worms,  and  to  unite  them  with  the  earthworms.  And  we  even  find  these  animals, 
as  represented  by  the  Acanthodrilida,  coming  prominently  into  considerations 
wliieh  Involve  the  theory  of  a  former  antaiotio  oootiiMaty  one  of  the  moet  ravoliH 
tionary  zoo-goo{rraphical  topic?  of  our  time." 

This  case  of  the  earthworm  nmv  be  taken  as  typical  of  the  rest,  since  for  each 
and  every  class  and  order  of  animai  forms,  the  progress  of  the  period  through  which 
we  htire  passed  since  last  we  assembled  here  has  produced  revolutionary  reeolte. 
Our  knowledge  of  facts  has  become  materially  enhanced  ;  our  classifications,  at 
be.-t  but  the  workinpr  expression  of  our  ideas,  have  been  to  a  large  extent  replaced 
in  clearer,  more  comprehensive  schemes ;  and  we  are  to-day  enabled  to  deduce, 
with  an  accuracy  proportionate  to  our  inerenod  knowledm  of  ftet,  the  nature  of 
the  intewelatioiiifaipe  of  the  liviqg  fome  which  wiUi  onnelTee  inhabit  the 
earth. 

Satisfactory  as  is  this  result,  it  must  be  clearly  borne  in  mind  that  its  realisa- 
taon  ooold  not  heT»  come  abont  but  fbr  a  knowledge  of  the  animals  of  iho  past ; 
and  turning-  now  to  pala?ontolocry,  it  may  be  said  that  at  the  time  of  our  last 
meeting  in  this  city  the  scientific  world  were  just  beooniititr  entranced,  by  the 
promise  of  unexpected  results  in  the  exploration  of  the  American  Tertiary  beds, 
then  being  first  opened  up.  The  Rocky  Mountain  district  was  the  eiea  under 
investigation,  and  with  this,  a?^  with  the  progress  in  our  knowledge  of  recent 
forms,  no  one  living  was  prepared  for  the  discoveries  which  shortly  came  to  pass. 
To  consider  a  concrete  case,  we  mav  premise  that  study  of  the  placental 
nMimmals  had  justified  tihe  coiidunoin  tnat  thdr  anoeetois  most  haTe  had  equal 
and  pentadactyle  limbs,  a  complete  ulna  and  fibula,  a  complete  clavicle,  and  a 
skull  with  forty-four  teeth ;  must  have  realised,  that  is,  the  predominant  term  of 
the  living  Insectivora  as  generally  understood.  Who  among  the  zoologists  of 
onr  lime  does  not  leoall  with  enthusiasm  the  levelatioti  which  anee  from  uie  dit* 
covery,  during  these  early  days,  in  the  Eocene  of  Central  North  America,  of  the 
^nera  at  first  described  as  and  Hcloht^m?  '  The  evidence  of  the  existence, 
m  the  locality  named,  of  these  forty>four  toothed  peccaries,  as  they  were  held  to 
be^  nadend  deafer  ^  reeoids  of  the  later  Tertiary  deposits  of  the  old  world» 
which  were  those  of  hogs,  and,  in  correlation  with  tne  facts  then  known, 
suggested  that  the  Rocky  Mountain  area  was  the  home  of  the  ancestral  porcine 
stock,  and  that  in  Early  Tertiary  times  their  descendants  must  have  migrated, 
OB  theooehaod,  aeroee  the  northern  belt,  of  whieh  the  AleutiaB  Ishmdenow  maik 
the  coarse,  into  the  old  world,  to  beget,  with  complication  of  their  teeth,  the  ^igs 
and  hogs  ;  and  on  the  other  into  Central  South  America,  to  give  rise,  with  numencal 
reduction  of  teeth  and  toes,  to  the  peccaries,  still  extant. 

IGgration  in  oppoeite  diredkme  with  dirersity  of  modifieatioB  wae  the  reftain 
of  this  remarkable  find,  far-reaching  in  its  morphological  and  zoo-geographical 
effects.  Nor  can  we  allude  vHth  less  fervour  to  the  still  more  striking  case  of  the 
horses,  indicating  not  merely  a  similar,  though  perhaps  a  later,  migration,  but 
a  parallfllism  of  modifieatioD  in  both  tbe  old  and  new  woride,  eulminatmg  in  the 
latter  in  extinction,  whereby  it  be<»me  necessary,  on  the  advent  of  civilised  man, 
to  carry  back  the  old-world  horse  to  its  ancestral  American  home.  No  wonder 
that  this  should  have  provoked  our  Huxley  to  the  remark  that  in  it  we  have  the 
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' demonstrativt^  t'vidence  of  t)ie  occurrence  of  evolution,'  and  that  the  fac'-  rf 
palceoDtolog)'  came  to  be  regarded  as  certainly  not  isecond  to  those  of  the  fasain&Liii^ 
but  seductive  depertment  of  embryolofry,  tt  the  time  making  giant  atliiiee* 

I  have  endeavoured  thun  to  picture  that  statp  of  zoolr);_'ical  science  at  the  time 
of  our  la.«t  meetin^r  here ;  and  I  wi>b  now  to  contine  mys^df  to  ^ome  of  the  br^^adeT 
reaulta  biuce  achieved  on  the  morpholugical  aide.  But  let  ua  hr^t  digresa,  in  order 
to  be  clear  ee  to  the  iiieeiiiiig  of  tliia  phiaee. 

We  do  not  expect  the  public  to  be  accurate  in  their  usage  of  scientific  terms; 
but  it  is  to  me  an  astounding  fact  tliat  among-  trained  scientific  exj>»'rt«,  devotees 
to  branchea  ul  acience  other  than  our  own,  there  exiata  a  gross  mit^undenitaiidin^ 
as  to  the  limitAtione  of  our  depertments.  I  quote  fiom  ea  offidel  nport  so 
alluding  to  'comparative  anatomists,  or  birilogiats,  aa  they  call  theuiselres/  ajid  1 
but  cite  the  words  of  an  erniuent  scientitic  friend,  in  referring  to  liologv  and 
botany  as  coequal.  In  endeavouring  to  get  nd  of  this  prevailing  error,  let  it  be 
oooe  moM  mia  that  the  term  '  biology  '  was  introdiieed  at  the  thinning  of  tiM 
nineteenth  century  by  Treviranui^  and  Lamarck,  and  that  in  its  usage  it  ha-=*  come 
to  signify  two  totally  distinct  things  as  employed  by  our  Continental  contem» 
poraries  aud  ourselvea.  By  '  Biologte  '  thev  understand  the  study  of  the  organism 
in  relation  to  its  environment.  We,  following  Hoxle^,  indiide  in  our  tut  as 
biology  the  study  of  all  phenomena  manifested  by  living  matter;  botany  and 
ztKjlogy  ;  and  by  moq)hology  we  zoologists  mean  the  study  of  structure  in  all  1*5 
forms,  of  anatomy,  histology,  and  development,  with  paittK>ntology — of  all,  that 
which  ean  be  preferably  stuped  in  the  dead  ttate,  ae  distinet  from  phyaioloflyy 
study  of  the  living  in  action.  Comparative  mor]1holog^•,  the  study  of  luteness 
and  unlikeness,  is  the  buBis  of  our  working  classifications,  and  it  is  to  the  con- 
sideration of  the  morphological  method,  and  the  more  salient  of  its  recent  requite 
that  I  would  now  proceed,  in  00  far  as  it  may  be  said  to  ha^  maiked  progioai 
and  given  precision  to  our  ideas  within  the  last  eight-and-twenty  years.  1  would 
deal  in  the  mam  with  facta,  with  theories  only  where  self-evident,  ignoring  that 
type  of  generalibauuu  to  which  the  exduaife  study  of  embryology  has  lent  itedi, 
which  caaiacterisse,  hut  does  not  grace,  a  ^raat  portion  of  our  necnt  aoolegicnl 
literature. 

To  the  earnest  student  of  zoology,  intent  on  current  advance,  the  mental  image 
of  the  interrelationships  of  the  greater  groups  of  animal  forms  is  ever  changing^, 
kaleidoBcopieally  it  may  be,  hut  with  diminishing  effeet  in  proportion  as  our  kattm^ 
ledge  becomes  the  more  precise. 

Ketuming  now  to  American  palaeontology,  we  may  at  once  continue  ooi 
theme.  In  this  vaat  lield,  expedition  after  expedition  has  returned  with  material 
lich  and  plentiAil ;  and  while,  bv  study  of  it,  our  knowledge  of  every  living 
aammaHan  order,  to  say  the  least,  has  been  extended, and  in  some  cases  revolution^ 
ised,  we  have  come  to  regard  the  Early  Tertiary  period  as  the  heyday  of  the 
mammals,  in  the  eenae  that  the  present  epoch  is  that  of  tbe  smaller  bird«.  No 
wonder  thai  that  tliM«  should  nave  heen  discotered  group  after  group  wfaioh  haa 
become  extinct,  or  evidence  that  in  matters  such  as  tooth-structure  there  is  reason 
to  believe  that  types  identical  with  those  of  to-day  have  been  previously  evolved 
but  to  disappear.^'  To  contemplate  the  discovery  of  the  Titanotheha,"^  the  Am* 
Uyopoda,"  the  BinooeraU  with  their  strange  diminutiTe  hub,'*  chief  among  tho 
heavier  ungulate  forms,  is  to  consider  the  Mammalia  anew  ;  and  when  it  is  found 
that  among  late  discoveries  we  have  (1)  that  of  a  series  of  lihinoceratoidea,  which 
though  not  yet  known  to  extend  so  far  back  in  time  as  the  primitive  tapirs  and 
horses  are  complete  as  far  aa  they  go ;  (V)  that  among  the  Ruminants  we  taava^  in 
the  OreodontidsB  of  the  American  Eocene,  primitive  forms  with  a  dentition  of  forlj« 
four  teeth,  an  Rb8enre  of  diastemata,  a  pentadactyle  roanus,  a  tetradactyle  pof» 
with  tracea  of  a  hallux,  and,  as  would  appear  from  an  example  of  Metoreodout  a 
hony  davicle,  such  as  ia  unknown  in  any  later  ungulate,  we  are  aiouaed  to  a  ptl^ 
of  eager  cnthu5>iatm  as  to  the  outcome  of  lahours  now  in  hand  ;  for,  as  1  write» 
there  reaches  me  a  letter,  to  the  effect  that  for  most  of  the  great  vcrtelmite  groups, 
ud  not  the  mammals  alone,  collections  are  atiil  coming  in,  each  more  wonderful 
thanthalart.»  ^ 
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In  the  extension  of  our  knowledjro  of  the  Ancylopoda,'"  an  order  of  mammals 
named  after  the  Ancylotherium  of  Pikermi  and  >Samo9,  which  occur  in  the  Early 
Tertiary  depoBito  of  Earope,  Asia,  North  Ameries,  and  «lmiiduitly  In  Fatagonia,^'^ 
we  have  Men  made  aware  of  the  exiatenoe  of  genera  whose  salient  structural 
features  combine  the  dentition  of  an  ungulate  with  the  possession  of  pointed 
claws,  believed  to  have  been  retractile  like  those  of  the  living  cats.  Conversely 
to  tbete  unguicolate  iHnrUvom,  wUch  indade  gpenara  irith  limba  on  both  tho 
artto*  and  perisso-dactyle  linea,  there  have  been  found,  among  the  so-called 
Mesonychidre,  undoubted  primitire  carnivores,  indications  of  a  type  of  terminal 
phalanx  seal-like  and  approximately  non-unguiculate ;     from  all  of  which  it  is 
clear  that  we  have  m  the  looks  the  iwnains  of  forma  eztinet  which  tranmoM  the 
oonelations  of  tooth  and  daw  deducible  from  the  living  orders  alone.  Further, 
among  the  primitive  pentadactyle  Camivora  we  meet,  in  the  genus  Pafriofelis^ 
with  a  reduction  of  the  lower  incisors  to  two,  and  characters  of  the  fore  limb 
which,  with  this,  8ug{^  the  aeala.'*  It  10,  however,  probaUe  that  theie  diaracteia 
aie  in  no  way  indicative  of  direct  genetic  relationship  between  the  two,  for,  in- 
asmuch as  these  animals  were  accustomed  to  seek  their  food  in  the  water  of  the 
lake  by  which  they  dwelt,  their  seal-like  characters  may  be  but  the  expression  of 
adaptation  to  a  partially  aquatic  mode  of  life — of  paral felfiim  of  modiBoatton  with 
the  seals  and  nothing  more. 

Early  in  the  history  of  their  inquiry,  our  American  confreres  recorded  from 
the  Pliocene  the  discovery  of  camel-like  forms  possessed  of  a  full  upper  incisor 
doitition;  for  example,  the  geneim  ProUMU  and  lihffgrammoim\*^  and  now 
they  have  arrived  at  the  conclusion  that  while  the  camels  are  of  American  origin 
one  of  tlieir  most  characteristic  ruminants,  the  Prongbuck  (/4nf?7oca/)r<T),  would 
conversely  appear  to  be  the  descendant  of  an  &iiQAi6Xot{DUutomeryx)  who  migrated 
from  the  old  world. 

Suf^cient  this  concerning  the  work  in  mammalogy  of  the  Ameiieaii  palaoo- 
tologista.  While  we  return  them  our  devout  and  Earned  admiration,  we  would 
point  oat  that  the  brilliance  of  their  discoveries  has  but  beclouded  the  recognition 
of  equally  imnortaat  investigations  going  on  elsewhere.  In  Argentina  thefe 
have  proceedea,  ride  by  side  with  the  North  American  explorations,  researches 
into  th-^  Pleistocene  or  Pampa  fauna,  which  in  result  are  not  one  whit  behind,'^^ 
ae  has  been  proved  by  the  recognition  of  a  whole  order  of  primitive  ungulateSf 
the  Toxodontia,^^  by  that  of  toothed  cetaeeaae  with  elongated  nasals,  aa  in  the 
genera  Prosqualodon  and  ArgyrocetWy  and  of  sperm  whalsa  with  functional 
premaxillary  teetb,  viz.,  Physodon  and  HyfooUutf  to  aaj  nothing  of  giant 


It  will  he  rememhoed  hy  some  present  that,  from  Patagonian  deposits  <^ 
anppoied  Cretaceous  age,  there  was  exhibited  at  our  Dover  meeting  the  skull  of 
s  homed  chelonian  Miolama,  which  animal,  we  were  informed,  is  barely 
distinguiahable  from  the  specira  originally  discovered  in  Lord  Howe's  Island,  and 
Queensland,  and  which,  eeing  a  marsh  tortle  highly  specialised,  woidd  seem 
In  all  probability  to  fttmish  a  forcible  defence  for  «e  theory  of  the  antarctic 
continent.''  But  more  than  this,  the  re<?uUs  of  renewed  investigation  of  the 
Argentine  beds  by  tbe  members  of  the  Princeton  University  of  North  America 
have  rseently  lemlted  in  oolleetions  which,  we  are  informed,  seem  HkilT  to 
anrpass  all  precedent  in  theis  hearings  upon  our  current  id»  as,  not  the  least 
remarkable  preliminary  announcement  being  the  statement  that  there  occurs 
fossil  a  mole  indistinguishable,  so  far  as  is  known,  from  the  golden  mole 
(CArysoeAtov)  of  Sonth  AiHca.^ 

'Bbfan  I  dismiss  this  fascinating  subject  let  me  disarm  the  notion,  which  may 
have  arisen,  that  the  palwontological  work  of  the  old  world  is  done.  Far  from 
it  t  Even  our  American  cousins  nave  to  come  to  us  for  important  fossil  forms ; 
as,  forenmple,  the  genus  PUokyrax  of  Samoa  and  the  Egyptian  deMnri^**  while 
among  the  rodents  and  smaller  carnivores  there  an  luge  cdlectionB  in  oar 
national  museum  waiting  to  be  worked  over  afresh. 

If  one  part  of  the  glooe  more  than  another  is  just  now  the  centre  of  interest 
concerning  its  vertehtate  mnains,  it  ia  the  Egyptian  desert.  Here  there  have 
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noently  been  fotmd  the  bones  of  a  huge  cetacean  associated,  as  in  South  America, 
irith  11uM0  of  a  giant  main,  ona  of  tiM  longest  known,  ainee  it  most  hvm 

reached  a  lenpth  of  thirty  feet.^  There  also  occur  the  remains  of  other  snakea^ 
of  chelonians  of  remnrkable  adaptive  type,  of  crocodilian^,  fishns,  and  other 
animals.  Interest,  however,  is  greatest  a)Qceruing  the  Mammalia,  which  for 
nowl^  aie  quite  np  to  the  Ameficaa  staadafd,  at  with  an  upper  and  a  lower 
jaw  of  an  anomalous  creature,  concerning  which  we  can  only  at  present  renoMirk 
that  it  may  be  a  marsupial,  or  more  probably  a  carnivore,  which  has  taken  on  the 
rodent  tjrpe  in  a  manner  peculiarly  its  own.'^^  Important  beyond  this,  however, 
are  a  eeriee  of  Eocene  forau  which  more  than  fill  a  longnrtanding  gap,  viz.,  that 
of  the  ancestors  of  the  Elephants  and  Mastodons,  which  hitherto  stopped  short  in 
the  Middle  Miocene  of  both  old  and  new  worlds.  As  represented  oy  the  genus 
Meeritheriumy  they  have  three  incisors  above  and  two  below,  of  which  the  second 
is  in  each  ease  oonierted  into  a  short  hut  mataive  tuak.  An  upper  canine  la 
patesent,  and  in  both  upner  and  lower  jawa  a  aeries  of  six  cheek-teeth,  distinct  and 
Dunodont  in  type."^"  In  tne  allied  Barytheriumy  of  which  a  large  part  of  the  skeleton 
is  known,  the  upper  incisors  were  presumably  reduced  to  two,  the  tusks  enlarged, 
with  ruaemtiancea  in  detail  to  the  Dtnoeerataa  type.^ 

So  far  as  these  remains  are  known,  they  appear  to  present  in  their  combined 
characters  all  that  the  most  nrdent  evolutionist  could  desire.  Tbere  are  with 
them  Mastodons  which  simplify  our  knowledge  of  this  group;  and  among  the  last 
diacovered  ramaina  Siremaaa,  which,  in  preaentiiig  a  certain  similarity  to  tlie 
afore«named  Mmritherium,  strengthen  the  belief  in  ue  proboscidian  relationships 
of  these  aquatic  form?/"  Finally,  and  perhaps  most  noticeable  of  all,  tbere  is 
the  genus  Ariimnthtiiumf  a  heavy  brute  with  an  olfactory  vacuity  which 
outriTala  that  of  Gnjpothmum  itaalf,  and  ia  aormonnted  by  a  monatrooa  fronto- 
nasal horn,  swollen  and  bifid,  for  which  the  most  formidable  among  the  Titano- 
theres  might  yearn  in  vain.  There  is  an  occiput  to  mat^rh !  The  .suggestion  that 
this  extraordinary  beast  has  relationships  with  the  Rhinoceride  is  absurd,  since 
iti  tooth  pattern  alone  inverta  the  older  of  this  type.  That  it  is  mohoaiBidina 
maj  he  nearer  the  mark,  and  if  so  it  shows  once  more  how  subtle  were  tba 
mammals  of  the  pa^t.^^  Great  as  is  this  result,  much  remains  to  be  done  or  done 
again,  if  only  from  the  fact  that  in  seeking  to  determine  homologies  our  American 
hrathieD,  in  the  opinion  of  aome  of  us,  have  placed  too  much  ralimiee  on  a  ao-ealM 
tiitabercular  theory  of  tooth  genesis,  of  wludll  we  cannot  admit  the  proof."  How^ 
we  would  nsk,  is  it  conceivable  that  a  traaifendy  ridged  molar  of  the  D^protadoft 
type  can  be  of  tritubercuiar  origin  ? 

Sufficient  for  the  moment  of  paleeontologieal  advance,  except  to  remark  that 
the  soclogirt  who  neglects  this  branch  of  morphology  misses  the  one  leaTenio^ 
influence;  neglects  the  court  on  wliose  rulinpr  arguments  deduced  from  embryo- 
logical  data  alone  must  either  stand  or  fall.  We  may  form  our  own  condusiona 
from  ftelsof  the  order  hefine  ua;  hut  it  ia  when  we  find  tbur  influence  on  the 
master-mind  prompting  to  action,  like  that  of  Huzl^  with  his  mighty  memoir  of 
1860,  in  whicm  he  revised  our  sub-class  terms,  that  we  appreciate  them  to  the  full.** 

With  this  consideration  we  pass  to  the  living  forms,  and  I  have  only  time 
in  dealmg  with  these  to  comment  on  adTaaoe  whkli  a^ett  our  hioadeet  con> 
ceptions  and  daaaifications  of  the  past. 

To  commence  with  the  Mammalia,  we  now  know  that  the  mammary  gland 
when  first  it  appears  is  in  all  forms  tubular,  and  that  this  type  is  no  longer 
dialinctiTe  of  the  McoolraiBBta  akne.*^  We  know,  too,  that  the  intmaarial  poeitMO 
of  the  epiglottis  when  at  xeat,  long  known  for  curtain  forms,  is  a  distinction  of  the 
class.  It  explains  the  presence  of  the  velum  palatinum,  by  its  association  with 
the  glottis  for  the  restriction  of  the  respiratory  passagei  the  counection  beiu^ 
lost  m  man  alone,  under  spedaliaation  of  the  oigan  of  Ihe  vmce.** 

Similarly,  the  doubly  ossified  conditioil  of  the  coracoid  may  now  be  hdd 
diagnostic,  for  it  is  known  that  the  epicoracoidal  element,  originally  thought  to 
characterise  the  monotremes  alone,  is  always  present,  and  that  reduction  to 
a  varying  degree  characterisee  the  metacoraooid,  wliioh  retires,  as  'u\  man,  as  the 
so-called  coracoid  epiphysia.*' 
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Our  conceptions  of  the  interrelationships  of  the  Maraupialia  and  Flacentalia 
hmre  during  the  period  we  ue  considering  been  delimited  beyond  ezpeetstion,  by 
the  discovery  that  an  allantoic  placenta  inn  poly  protodont  marsupial,  rsplaces  the 
vitelline,  present  in  its  allie?.^"  Win  n  it  is  rememlx  red  that  in  the  formation  of  the 
placenta  of  the  rabbit,  bat,  and  hedj^hog,  there  is  a  provisional  vitelline  stage,^^  it 
IS  tempting  to  suggest  that  the  endence  far  the  mteet  relationidiip  of  the  two 
mammaliau  sulns&isaes  first  named  overlaps  (there  being  a  placental  msrrapial 
on  one  hand,  a  marsupial  placental  on  the  other),  much  as  we  have  come  to 
regard  Archseopteryx  as  an  avian  reptUe,  the  Odontornithes  as  reptilian  birds. 
These  fsota^  moraover,  prove  that  tlis  type  of  placenta  inherited  by  the  Flseentalia 
muBt  have  been  discoidal,  and  that  ftom  that  all  others  w^ere  derived. 

Equally  important  concerning  our  knowledge  of  the  Marsupialia  is  the 
discovery,  tirst  made  clear  by  Professor  Symington,  of  this  CoUese,  that  Owen  was 
eoireet  in  denying  them  a  corpus  calloMun.^  How  Owen  arnved  at  this  eonduiioii 
it  is  difficult  to  conceive;  out  in  these  later  days  the  history  of  discovery  is 
lanrely  tlmt  of  method;  and  it  is  by  the  employment  of  chrome-silver,  niethylene- 
biue,  and  other  reagents,  which  in  difi'ereutiating  the  iibre-tracts  enable  us  to 
delimit  their  ootnae,  that  this  oooelnsion  has  lieen  moved.  By  Hw  eorpus 
callosnm  we  now  understand  a  series  of  neo>pallial  mwes  which  tfanaect  the 
alveus  and  are  present  only  in  the  IMucentalia." 

There  is  no  department  of  mammalogy  in  which  recent  work  has  been  more 
luminous  thsn  this  whieh  concerns  the  brain ;  and,  to  mention  hut  one  result, 
H  may  be  said  that  in  the  renewed  study  of  the  commissures  there  has  been 
found  a  fibre-tract  characteristic  of  the  Diprotodontiu  alone,  so  situated  na  to 
prove  that  they  and  the  Piaceutalia  must  liave  specialised  on  diverse  lines  from  a 
noljprotodont  stock.^*  Interesting  this,  the  more,  since  the  phalangers  and 
nan^sioos  are  known  to  be  polyprotodimt  when  young/^  And  when  we  add  the 
discovery  that  in  the  form  of  its  hippocanipal  cnmmis'«ure  the  brain  of  tlie  Elephant 
Shrew,  a  lowly  insectivore,  alone  among  that  of  ail  Piaceutalia  known  realises  the 
marsupial  state,^^  as  does  its  accessory  organ  of  smeU,  we  have  to  admit  the  existence 
of  annectant  conditions  just  where  wej  should  oocus.^ 

The  morphological  method  is  sound  ! 

The  master  hand  which  has  given  uS  this  result  has  also  reinveisti^ated  the 
Lemurs.  From  an  ezhanstiTe  study  of  the  brain  or  Its  east  of  all  species  of  the 

order,  living  and  extinct,  tlu-n-  lias  come  the  proof  that  the  distinctive  charsct^ 
of  the  lemuroid  brain  are  intelligible  only  on  a  knowledge  of  the  ])itli' coid  type; 
that  its  structural  simplicity  in  the  so-called  lower  lemurs  is  due  to  retrogressive 
change,  in  some  species  proved  to  be  ontogenetic ;  and  that  the  Tarsier,  recently 
claimed  to  be  an  insectivore,  is  a  lemur  of  lemurs.^*  It  is  impossible  to  over- 
estimate the  importance  of  this  conclusion,  which  receives  confirmation  in  recent 

SaUeontoloffical  work ;     and  there  is  demanded  a  reinvesti^tiun  of  those  early 
escribed  Tertiary  fossil  forms  placed  on  the  Ungulo-lemuroid  border  line,  as  also 
a  reconsideration  of  current  views  OH  the  evolution  uf  the  primates  and  of  man.^ 

In  dismissing  the  Mammalia,  we  recall  the  capture  dnrinjr  the  period  we  review 
of  three  new  genera,  a  fourth,  the  so- called  '  having  proved  bjits 

skull  to  be  Qrypothemtm  darwmii,  already  known.^  The  Anican  Okapi,  an 
object  of  sensation  bevond  its  deserts,  has  found  its  place  at  last.  To  have  been 
dubbed  a  donkey,  a  zebra,  and  a  primitive  hornless  giraffe,  is  distinction  indeed  ; 
and  we  cannot  refrain  from  contrasting  the  nonsensical  statement  that  its 
discovery  is  '  the  most  important  since  Archseopteryx '  with  the  truth  that  it  is  a 
ffiraffine,  homed  in  the  male»  annectant  between  two  groups  well  know  n.  ^  As  a 
discovery  it  does  not  compare  with  that  of  the  M  ilo-marsupial,  -  and  it  falls  into 
insignificance  beside  that  of  the  iSouth  American  diprotodont  Cceuolestes,  the 
surWvor  of  a  family  which  there  flourished  in  Middle  Tertiary  times.*' 

Passing  to  Birds  and  Beptiles,  it  wiU  be  convenient  to  consider  them  together. 
A  knowledge  of  their  anatomy  has  extended  on  all  bands,  and  in  respect  to  notbinp 
more  instructively  than  their  or^ns  of  respiration.  Surprise  must  be  expressed 
at  the  discovery,  in  the  chelonian,  of  a  mode  of  advancing  complication  of  the  lung 
■Iggisttve  of  that  of  biida^  On  looking  into  this,  I  find  that  Huzliyi  who 
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rationalised  oar  knowledge  of  the  avian  lunj?  and  its  pac-*/*  was  aware  of  the 
fact  that  iu  our  common  Water-tortoise  {Emys  orbicularis),  the  Itmg'  is  shar^ilv 
difierentiated  along  the  bronchial  Hoe  into  a  postero-dorsal  more  cellular  ma^s,  an 
antero-ventrnl  more  Mccular,  of  which  the  poaterior  vesicle,  in  ita  extension  and 
bronchial  rdiitionships,  strangely  simulates  the  so-called  abdiuniiial  sac  of  birds. 
He  had  already  instituted  comparison  with  the  Crocodiles,^  and  was  clearly  coming 
Co  the  concluiiion  that  the  arrangement  in  the  bird  ii^  but  the  result  of  extreme 
•peciaUsAtioB  of  a  type  common  to  all  Sauropsida  with  ft  'oellalar'  lonfr.  The 
respiratory  process  in  the  bird  may  be  defined  as  trampulmonary,  and  it  is  an 
interesting  coincidence  that,  as  I  write,  there  comes  to  hand  a  memoir,  supporting 
liuxluy's  conclusion,  and  establishing  the  fact  that  there  is  a  fundamental  principle 
■nderlyiag  ths  deTdopment  and  primary  dt Aveotiatioii  of  all  tms  of  fotebrate 

The  discovery  of  the  Odontornithes  in  the  American  Cretaceous  is  so  well 
known,  that  it  is  but  necessary  to  remark  that  nine  genera  and  .some  twenty  species 
am  lecogniaed.**  To  Archaopteryx  I  shall  return.  Before  dismissing  the  Cbdonia, 
however,  it  must  be  pointed  out  that  paleontology  has  (Iffinifely  ch^nched  their 
suppos*  ?!  relationship  to  the  Plesiosaurs.  Of  all  recent  paheontological  collections 
there  urc  none  which,  for  care  in  collecting  and  skill  in  mouutmg,  surpass  the 
nptUiaii  remains  from  the  English  Jurassic  (Oxford  Clay)  now  public  in  our 
national  museum.**  The  Plesiosaurs  of  this  series  must  Vie  seen  to  be  appreciated, 
and  nothing  short  of  a  merciful  Providence  can  have  interposed  to  ensure  the 

Seneric  name  CryptocieiduSf  which  one  of  them  has  received,  since  the  hiding  of 
lia  clavicle,  its  diagnoitic  character,  ia  an  accomplished  fact.  It  is  doe  to 
secondary  displacement,  under  the  approximation  in  the  middle  line  of  a  pair  of 
proscapular  lobes,  present  in  the  Plesiosauria  and  Chelonia  nlone.  iind  until  the 
advent  of  thia  discovery  misinterpreted.**  Taken  in  conjunction  with  other 
characters  of  little  less  importance,  conspicuously  those  of  the  plastron  and  pelvia, 
tliis  decides  the  question  of  nfHnity,  and  proves  the  Ghelooia  to  have  had  a  lowlj 
ancestry,  as  has  generally  been  maintained.** 

Kecent  research  bus  fully  recorded  the  iiicta  of  development  of  the  rare  New 
Zealand  reptile  Sphenodon^  and  it  baa  more  than  justified  the  conclusion  that  H  ia 
tTie  sole  svirvivor  of  an  originally  extensive  and  primitive  group,  the  Rhyncho- 
cephalia,  as  now  understood.''^  To  confine  our  attt  ution  to  its  skeleton,  as  that 
portion  of  its  body  which  cuu  alouo  be  compared  with  both  the  livinff  and  extinct. 
It  may  be  said  that  positive  proof  has  been  for  the  first  time  obti&ed.  that  the 
developing  vertebral  body  of  the  terrestrial  vertebrata  prisse?  through  a  paired 
cartilaginons  stage,  and  that  in  its  details  the  later  dewlopnuMit  of  this  body  \* 
moet  nearly  identical  with  that  of  the  lower  Batrachia.  -  There  has  long  been  a 
consensus  of  opinion  that  the  forward  extension  of  the  pterygoids  to  meet  the 
vomers  in  the  middle  line,  known  hitherto  in  this  nnimal  and  the  crocodiles  alone, 
ia  lor  the  terrestiial  ^  ertebrata  a  primitive  character;  and  pro^f  of  this  has  be<?n 
obtained  by  its  presence  iu  all  the  Uhynchoce^halia  knowu.  The  same  condi* 
tion  has  also  been  found  to  exist  in  the  Plesiosaurs,^'  the  Icbtbyosauia,**  the 
Pterodactyles,"'*  the  Dicynodontia,' the  Dinosaurs/'  and  with  modification  in  some 
Chelouians.'''^  It  has,  moreover,  been  found  in  living  birds ; "  '  a  mo^t  welcome  fact, 
since  ArchceovUryx,  iu  the  possession  of  a  plastron,  carries  the  avian  type  a  stage 
lower  than  the  ^noeaurs.  It  is  pertinent  here  to  remark  that, inasmuch  asui 
those  Dinosaurs  (e.g.,  Comp^ognathm)  in  which  the  characterfli  of  the  hind  limbs  are 
most  nearly  avian,  the  pelvis,  in  respect  to  its  pubis,  is  at  the  antipodes  of  that  of 
all  known  bird:^,  and  the  fore  limb  is  shortened  in  excess  of  that  of  Arc/ueopt/ryx 
itself,  the  long  supposed  dinosaurian  ancestry  for  birds  must  be  held  In  abeyance.'^ 
Passing  through  the  Rhynchocephalia  to  the  Batrachia,  we  have  to  countenance 
progress  most  detiuite  in  its  results.  The  skull,  the  limbs  and  their  girdles^  an 
chiefly  concerned,  and  this  in  a  very  remarkable  way. 

In  the  year  1881  there  was  made  known  by  Professor  Fioriep,  of  Tubingen,  the 
discovery  that  the  hypoglossus  nerve  of  the  embryo  mammal  is  poesessed  of 
dorsal  ganglionated  roots.''  Again  and  again  have  I  heard  Flnxley  insist  on  the 
Cact  that  the  ventral  roots  of  this  nerve  are  serial  with  the  spinal  set,  but  never  did 
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he  fiiupect  the  rest.  It  is,  howeyer,  a  most  intensely  intereating  fact  that,  whereas 
by  a  Haxleian  triamph  the  vertebral  theory  of  the  akuU  was  overthrown,  in  these 
Iftter  Huxleian  days  the  proof  of  Ihe  incorpontioii  of  a  portion  of  the  vertebnd 
region  of  the  trunk  into  the  mammalian  occiput  should  have  niftrlced  the 
succeeding  epoch  in  advance.  The  existence  of  tweWe  pairs  of  cranial  nerves 
which  all  the  Amniota  possess  involves  theiu  in  this  change ;  and  the  fact  that  in 
All  Bfttrachia  there  are  but  ten,  eoaUBB  ns  to  tew  a  hm  and  fut  line  betwoen 
Iwtrachian  and  amniote  series. 

It  may  be  urged,  as  an  objection,  that  since  we  have  long  been  familiar  with  a 
futton  of  Tertebne  and  skull  in  various  piscine  forms,  the  force  of  this  difltinction 
is  weakmed.  But  tbia  cannot  be ;  nnce,  in  respect  to  the  investing  sheaths  and 
procfsses  of  development  which  lie  nt  the  root  of  the  genesis  of  the  vertebral 
skeleton,  the  fishes  stand  distinct  from  the  Batrachia  and  Amniota,  which  are 
agreed.'^  So  forcible  is  this  consideration  that  it  behoves  us  to  express  it  in 
words,  and  I  ha^e  slsewhwo  pfopoeed  to  discriminato  betwseo  the  series  of 
terrestrial  Vertebrata  as  ar^-hrr-  nnd  ftfn-craniate.'^^ 

Similarly  there  is  no  proof  that  any  batrachian,  living  or  extinct  (and  in  this 
I  include  the  Stegocephala  as  a  whole),  possesses  a  costal  sternum.  So  far  as  their 
development  is  Imown,  the  cartilages  in  theM  animals  called  'sternal '  are  either 
OOncoidal  or  sut  ffeneru.''*  Thf  rn.stal  Rtonium,  like  the  syncraniate  skull,  is  dis- 
tinctive of  the  Amniota  alone,  llad  the  .Stegocephala  possessed  it  even  in  carti- 
lage, there  is  reason  to  think  it  might  have  been  preserved,  as  it  has  been  in  the 
colossal  Mososaur  Tylomunu  of  tho  American  Oretseeons.'*  When  to  this  it  is 
added  that  whereas,  in  the  presence  of  a  costal  sternum,  the  mechanism  of  inflation 
of  the  lung  involves  the  body-wall,  in  its  absence  it  mainl}-  involves  the  mouth  (as 
in  all  fishes  and  balrachians),  the  hard  and  sharp  line  between  the  Batrachia  and 
Afliniota  may  be  expreeeed  by  the  formula  that  the  fimnsr  are  mnkmmmiaU  and 
giomaiopht/sous,  the  ktter  tyncraniate  and  wmatophyaoiu. 

There  are  allied  topics  which  raiifht  be  considered  did  our  time  permit :  but 
one  certain  outcome  of  thib  is  that  there  is  an  end  to  the  notion  of  a  batrachian 
aaoestiT  for  the  Mammalia.  And  when,  on  this  basis,  we  sum  up  the  characters 
demanded  of  the  stock  from  which  the  Mammalia  have  been  derived,  we  find  them 
to  be  precisely  those  occurring  outside  the  Mammalia  in  the  Anomodont  lieptiles 
alone.  Beyond  the  sternum  and  skull,  the  chief  characters  are  the  possession  of 
short  and  eqnal  pentadactyle  limbs,  with  never  more  than  thxee  pbalaonfes  to  a 
digit,  a  complete  fibula  and  clavicle,  a  doubly  ossified  corncoid,  a  heterodont 
dentition — a  combination  which,  wholly  or  in  part,  we  now  associate  with  the 
Permian  genera  Procolophon,  PariaBaurus,  and  others  which  might  be  named,  the 
disooTsry  of  which  constitutes  one  of  the  morphological  triumphs  of  onr  time.'° 

Beyond  this,  it  may  be  added,  concerning  tho  Batrachia,  that  among  living 
pedate  forms  the  Anura  have  alone  i-etained  the  pentadactyle  state  and  the  com- 
plete maxillo-jugal  arch,  and  that  the  Eastern  Tylototritm,  in  the  possession  of 
the  Istter,  bscomes  the  least  modified  urodele  eztant.^^  These  facts  lead  to  the 
extraordinary  conclusion  that  the  livinp  T'rodrla.  while  of  general  lowly  organisa- 
tion, are  one  and  all  aberrant  ;  and  it  is  not  the  least  important  sequel  to  this 
that,  despite  their  total  loss  of  limbs,  the  Apoda,  in  the  retention  of  the  dermal 
amour  and  other  featoxes  which  might  be  stated  are  the  most  primitiTe  Batrachia 
that  exi-*t  ."' 

The  batrachian  phalangeal  formula  22343  was  until  quite  recently  a  difTiculty 
in  the  determination  of  the  precise  zoological  position  of  the  class;  but  it  has  now 
been  overcome,  by  the  discovery  of  a  Keraterpeton  in  the  Irish  Carboniferous 
having  three  phal arizes  on  the  second  dipt  of  both  fore  and  hind  limbs,'"  and  by 
that  in  the  Pfrmiftu  of  Saxony  of  a  most  remarkable  creature,  Sclfntccphalun^ 
which,  if  rightly  referred  to  the  8tegocephalu,  had  a  head  encased,  as  its  name 
inpliee,  in  an  armature  like  that  of  a  fish,  and  the  phahingeal  formula  of  a 
leptile,  23454.^^ 

Passing  frnm  the  Batrachia  to  the  Fishes,  we  have  still  to  adoiit  a  gap.  since  an 
interminable  discussion  on  fingers  and  fins  has  not  narrowed  it  in  the  least.  In 
eompentation  for  this,  howereri  we  hare  to  lecoid  within  the  fish  series  ittelf 
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pro^'ess  jj^eater,  perhaps,  than  with  the  hi^htT  proups.  Certainly  is  this  the  caae 
if,  a««  to  bulk,  the  literature  in  ejstematics  and  paliBontolQgy  be  alone  taken  into 
account. 

Of  H»  Dipnoi  onr  knowledfre  ia  fast  becoming  completa^  We  know  that 

Lfptdoi>irfn  forms  a  burr  nw  : aii<5,  in  consideration  of  a  former  monatrou^  propo-al 
to  regard  this  nnimai,  witli  its  tiitv-six  pairs  of  ribsi,  und.  I^otopteru*,  wirh  its 
thirty  to  thirty-live,  a^  varieties  of  a  i^pecie^,  -  it  is  the  more  interesting  to  liud  that 
the  Congo  hae  lately  yielded  a  Protcpterut  (P,  doUoi)  with  the  lepidottmi  rib 
formula,  viz.,  tifry-four  pairs/^ 

As  a  forf-ninist  rtr>*ult  American  palaeoutDlo^ical  re.search  we  have  to  record 
the  occurrence,  iu  the  De\  uniau  of  Ohio,  of  a  series  of  colossal  fishes  knowu  an  the 
Arthrodira«  the  supposed  dipnoan  affinitiea  of  which  are  atill  a  matter  of  doobi."* 

Wo  have  i  vifL  tice  that  the  ossc  iis  >keleton  in  a  plate-like  form  first  appealed 
a*;  a  protection  i'^r  tlie  eye  of  a  primitive  shark/^  And  commg  to  remit  forms 
having  special  bearings  on  thu  teachings  of  ibe  rocks,  we  have  to  acknowledge 
the  capture  in  the  JapancM  seas  of  a  couple  of  ancient  sharks,  of  which  one 
{Chlamj/doschc^iu  A Xmce  observed  to  have  a  distribution  extending  to  the  far  North, 
is  a  survivor  Irom  i>e\'onian  times;  the  other  (.Vi'f«wA*?/nna), a  penus  whose  pro- 
tesqueness  leaves  no  doubt  of  its  identity  with  the  Cretaceous  lamnoid  Scapan<y- 
rkynchus.'^'^  In  the  elncidation  of  the  Stnriooes  and  the  detennination  of  their 
affinities  with  the  ancient  Pala^oniscida)  a  master  stroke  has  been  achievd/'  In 
the  Old  Red  genus  Pulirospondi/lu^  ^^  e  lin\  e  become  familiar  with  an  unmistakable 
marsipobranch,  possessing,  as  do  certain  living  tishes,  a  notochord,  annulated,  but 
not  vertebfated  in  the  ttriot  sense  of  the  term.^  The  climax  in  lehthyo^alisaii- 
toloj/y,  however,  has  been  r-  arhed,  in  the  discovery  of  Silurian  forms,  whica,  there 
is  every  ri'!i>f>n  to  believe,  explain  in  an  unexpected  way  the  liitherto  anomal'tus 
Pteras-  and  (Jephalaspidiaus,  by  involving  them  in  a  community  ot*  ancestry  v^ith 
the  primitive  Elasmobtaaclia.  The  genera  ThdodMtf  DraMnuupitf  Ateitat/it, 
and  Litnnrlaa,  cliief  amr>ng-  thrse  annectant  and  anflWittal  aia  fn^'y  the 

most  remarkable  vertebrate  fossils  knowji/'^ 

Passing  to  the  liecent  Fishes  alone,  the  discovery  which  must  take  precedence 
is  tiiat  of  tM  mode  of  origin  of  tho  skeletoffenoas  tisrae  of  their  TwtehnI  eoUmuL 
The  fishes,  unlike  all  the  hip-her  Vertebrata,  have,  when  ycung,  a  notochord invested 
in  a  double  sheath,  there  being  an  inner  chordal  sheath,  an  outer  cuticular,  which 
latter  ia  alone  present  in  all  the  higher  grou^.  The  skeletogenous  cells,  by  whose 
actiri^  the  cartilaginous  vertebral  skeleton  ia  formed,  arise  outside  these  neatibs; 
but  whereas,  when  proliferating,  they  in  one  series  remain  outside,  they  in  the 
other,  by  the  rupture  ot'  the  cuticular  sheath,  invade  the  chordal.  This  distinction 
enables  us  to  discriminate  betweeu  a  Chordal  series,  which  embraces  the  Chinud- 
roids,  Elasmobnmeha,  and  Dipnoi,  and  a  BgriokordtAy  consisting  of  tha  Teiaosli^ 
Ganoids,  and  Cyclostorae??.^ 

In  consideration  of  the  enormity  of  the  structural  gap  between  the  cyclostomes 
and  the  higher  Vertebrata  this  is  an  extraordinary  result.  For  be  it  remembered 
that,  IB  addition  to  tiieir  well-known  cbaiaetors,  tfaA  lampreys  and  bags  (1)  in 
the  total  absence  of  paired  fins;  (2)  in  the  presence  of  brancni^e,  ordinarily  seven  in 
number,  fourteen  in  Bdellostoma  poh/fmyui^'^  numerically  variable  in  individuals 
of  certain  species  between  six  and  fourteen,  and  doubtfully  asserted  m  the  young 
of  one  to  be  originally  thirty-five ; "  and  (3)  in  the  carrying  up  of  their  oral'hypo- 
pophysis  by  the  nasal  organ,  whereby  it  perforates  the  cranium  from  above,  as 
contrasted  with  all  tho  higher  Vertebrata,  in  which ,  carried  in  with  the  mouth-sac, 
it  perforates  it  from  breath,  exhibit  morphological  characters  of  an  extia- 
orduarj  kind.  And  if  wa  are  to  exprass  these  <manotBn  in  tenas^  we  may  din 
tinguisE  the  Cyclostomes  as  apterygial  and  ^icraniatef  the  higher  Vertebrata  as 
kjfpoeramaie,*^  ^  But  this  notwithstanding,  the  aforementioaed  aubdiTisim  of  the 

'  It  is  an  interesting  circumstance,  if  tlieir  'ciliated  sac'  is  riirbtlv  homologised, 
that  Jmphioxui  and  the  Tunicata  present  a  corresponding  dissimilarity,  allowance 
being  made  for  the  fact  that  in  Botryllus^  Goodnria,  and  Polycarpa  the  sac  overlies 
the  ganglion."  It  is  pertinent  here  to  recall  the  ammooosta-lika  condition  of  the 
'  encUMtyle '  in  Oikopleura^abeUwa/* 
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Pisoes  into  two  series,  which  would  nasoobte  tlw  teleoite  uid  ganoids  wHIi  ths 

cycloftoraes,  as  distinct  from  the  rest,  receiver  ?npport  from  recent  study  of  the 
head-kidney  by  n  Japanese,  who  set'ks  to  .-iJiow  tbat  the  orp-an  ?o  ralltMl  in  the 
Elaamobrancha  is  of  a  late-formed  ty^e  peculiar  to  itself;  '  and  it  is  al.so  in  agree- 
iD0iit  wMi  one  set  of  eoDclotionspranontl^r  dedoeed  from  the  ttodjof  the  nproduo- 
tlTc  orfrans.-'" 

To  deal  further  with  tlie  tishes  is  impossible  in  this  Address,  except  to  remark 
that  recent  discovery  in  the  Gambia  that  the  young  of  the  Teleosteaa  genera 
Heierotu  and  Qymnarchm  bear  fllanentons  ffittemal  g^iUaiy  noden  agnifleuit 
beyond  expectation  the  alleg'od  ]irt'?enne  of  these  amont^-  tho  loachefl^  and  shows 
that  adaptive  orpan^  of  thi?*  type  are  s  al"rlrss  as  criteria  of  alfinity.*"* 

In  palaeontology,  us  in  recent  anatomy,  our  recorda  of  detail  have  iocreaaed 
beyond  preoedenti  often  bat  to  show-  how  deficient  in  knowledge  we  aw,  how 
eontradictory  are  our  t]ie<iries  and  farts. 

In  dismissing  the  iisije*,  I  wi-h  to  comment  upon  our  accepted  terms  of 
orientation.  To  speak  of  the  median  lias  as  dorsal,  caudal,  and  anal,  of  the  pelvic 
as  ventral,  and  of  the  pectoral  in  its  varying  degress  of  forwafd  translocation  as 
abdominal  or  thoracic,  thon<.'^h  a  conventioM  of  the  past,  is  to-daj  inaocurate  and 
absurd.  I  question  if  the  time  has  not  come  at  which  the  terms  thoracic  (pulmo- 
cardiac)  and  abdominal  are  intolerable,  ac>  expre^ssin^  either  the  subdivisions  of  the 
liody-oavitj  or  anything^  else,  ontside  the  Mammalia,  whidi  alone  possess  a  dia- 
phragm. Even  in  the  birds,  to  grant  the  utmost,  the  subdivision  of  the  cd  lom 
if  accurately  described,  must  be  into  pulmonary,  hyper-pulmonary,  and  cardio- 
abdominal  chambers ;  while  with  the  reptiles  the  modes  of  subdivision  are  so  com- 
plex that  a  spedal  terminology  is  necessary  fot  eadi  of  the  sevoral  types  extant. 

In  the  fishes,  where  the  pericardium  is  alone  shut  off,  the  retention  of  the 
mammaliam  terms  but  hampers  progress.  This  was  indeed  felt  by  Dum<^ril,  when 
in  1865  he  attempted  a  revisionary  scheme. '-'  Since,  however,  one  less  fantastic 
than  his  seems  desuable,  I  would  propose  that  for  the  futnre  the  *  anal '  fin  be 
tenned  iTm^ro/,  the  'ventraP  pelvic  ;  and  that  for  the  several  pofdtions  of  the 
pelvic,  that  immediately  in  front  of  the  vent,  primitive  and  embryonic  (which  is 
the  position  for  the  Elasmobranchs,  Stuhones,  Lower  Siluroids,  ana  all  the  higher 
Vertebnto),he  tenned  procttd,  the  s^ealled  '  ahdominal '  pro-proctal,  the  ao-eallad 
'  thoracic  *  jugular  (in  that  it  denotes  association  with  the  area  of  the  *  coUaP'boiie'), 
and  the  so-called  'jugular'  mental.  The  necessity  for  this  b^^comes  the  more 
desirable,  now  tbat  it  is  known  that  a  group  of  Oretareous  tishes  (the  Cteno- 
tlirisstdsB),  hitherto  rsgarded'as  Beryooids,  are  in  reality  of  clupeoid  afibi^, 
despite  the  fact  that  at  this  early  geological  period  th^  had  translocated  their  peine 
iin  mto  the  jngular  (*  thoracic')  position."*^ 

The  sum  of  our  knowledge  acquired  during  the  last  twenty-eight  years  proves  to 
vs  thaty  among  the  bony  fisMs,  the  straetorsl  combination  whidi  would  ghre  ns  a 
premaxillo-maxillary  gape  dentigerous  throughout,  a  pioetil  pelvie  fin,  a  heart 
with  conal  valvep,  would  be  the  lowest  and  most  primitive.  Inasmuch  as  this 
character  of  the  heart,  so  far  as  at  present  known,  exists  only  among  the  Clupesoces 
Inikea  and  herrlDga  and  their  immediate  alliee),  these  mnst  be  nnsrded  aa  hiwly 
forms ;  wherefore  it  follows  that  the  possession  of  but  a  single ooraal  fin  ia  not, 
as  mifrht  appear,  a  necessary  index  of  a  hiprhly  modified  state. 

liefore  I  dismiss  the  vertebrates,  a  word  or  two  upon  a  recent  result  of 
morphological  inquiry  which  concerns  them  aa  a  whole.  I  rsftr  to  the  develop- 
ment of  uie  skull.  Up  to  1878  it  was  everywhere  thought  and  taught  that  the 
cartilaginous  i^VwW  was  a  compound  of  paired  elements,  known  as  the  trabecule 
eranii  and  parachordals,  and  that  the  former  contributed  the  cranial  wall. 
Hnzley  in  ld74»  ftam.  the  study  of  the  cranial  nerves  of  fishes,  had  reitaKted  the 
euggestion  he  made  in  IMi^when  dealing  with  the  skull  alone,  that  the  trabecule 
might  be  a  pair  of  prse-oral  visceral  arclies,  serial  with  those  which  support  the 
mouth  and  carry  the  gills.  The  next  step  lay  with  the  Sturgeon,  in  which  in  1878 
it  was  Ibuad  timt  the  eramal  wall  ia  originallv  distanef"  And  latsr,  when  the  facts 
were  more  fully  studied  in  sharks,  batracnians,  reptiles,  and  birds,  it  benme 
•videiit  that  the  txaheoubsy  though  ultimately  associated  with  the  ennial  wall, 
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take  no  share  in  ita  formation,  and  that  when  fiist  ther  eppear  thej  are  dispoeed 
at  right  anglea  to  tlie  parachordals  and  the  axis,  serially  with  the  visceral  archee 
behind.*^^  Huxley  was  right ;  and  although  this  coBsideration  by  no  means  exbau9t« 
the  category  of  indepeocleot  eartilages  now  known  to  oontribata  to  the  formation 
of  the  skull,  it  proves  that  the  eutiiaginous  oranium,  like  the  bony  one,  whidi  ki 
the  high<'r  vertebrate  forms  replaces  it,  is  in  its  essence  compound. 

I  now  pass  to  the  Invertebrata.  Of  the  Oligocbaeta  and  Leeches  I  have  spoken, 
•ad  we  maj  next  eonsider  the  Arthropods.  Of  the  Ineecta,  our  knowledge  bos 
gained  fiwvion,  by  the  conclusion  that  the  primitive  number  of  their  Malpighian 
tubes  is  six,  and  by  the  study  of  development  of  these  in  the  American  cockroach 
Do/^Aora,  which  has  rendered  it  probable  they  may  be  modified  nepbridia,  carri^ 
in  a«  are  thoae  of  some  oligochates  with  the  proetodetl  invagination. >^  An  ap- 
parent cervical  placenta  has  been  discovered  in  the  orthopteran  Remimerutt  wbieh 
suggests  homology  with  the  so-called  *  trophic  vesicle  '  of  the  Peripatoi<l>,  as  ex- 
emplified hjParap.  yvx  i-hritannien}'^''  In  tliis  same  orthopteran  there  have  been 
recognised,  in  seoondnr  j  proximity  to  the  *  lingua,'  ndoeed  maxillulse,  which,  fully 
d«'Vt'loped  and  int**rpo8ed  between  the  mandible  and  first  maxilla,  in  Japvx, 
Machili$,  Forficuld,  and  the  Eph^nf^ra  larva,  give  us  a  fifth  constituent  for  tl>^ 
insectan  head.'^'  And  when  it  is  found  that  all  the  abdominal  segments  of  a 
common  cockroach,  when  yonng,  aie  said  to  beer  appendages,  of  which  the  cerci 
are  the  hindermost,^^^  we  have  a  series  of  facts  which  revolution!^  our  ideas. 
Little  lesf?  strikinsr  is  the  di.<»covery  tint  in  the  caterpillar  of  the  bombjcine 
genera  Lagoa  and  Chruiopifga  seven  pairs  of  pro-legs  occur.'^' 

The  fmler  study  of  the  apertores  of  the  traeheate  body  hts  resulted  in  the 
discovery  that  the  Chllopoda  are  BMXre  neariy  related  to  the  Ilexapoda  than  to  the 
Diplopod*?;  wherefore  it  is  proposed  to  r^^rlassify  the  Trncheata,  in  accordance 
with  the  position  of  the  geuital  orifice,  into  Pro-  and  OjpiUko-^cneeUaJ^'^  In  a 
word  the  *  Myriapoda,'  if  a  natural  group,  are  diphyletic. 

Our  knowledge  of  the  Peripatoids  (Arthropoda  mabeopoda)  has  increased  in 
all  that  concenis  distribution  and  structure.  They  an*  now  known,  for  example, 
from  Africa,  the  West  Indies,  Australia,  and  New  Zealand,  and  for  examples 
from  the  two  latter  localities  and  Tasmania  tiie  generic  name  Ooperipattu  has  but 
lately  been  proposed,  to  include  three  species  characterised  by  the  posSBSnoDof  an 
ovipositor,  of  which  two  have  been  observed  to  lay  t^c'^r^'."^ 

Work  upon  the  Crustacea  in  our  own  land,  notorious  for  the  tendencies  of 
some  of  its  devotees  in  their  stidding  for  priority,  hss  within  the  last  t^-elve  year9 
advanced  beyond  all  expectation.  ^luch  of  our  literature  has  been  system  at  ised,  and 
an  enormous  inrrea.«e  in  our  knowledjre  of  new  forms  has  to  be  admitted .  thanl;* 
to  memoirs  such  as  those  of  the  '  Investigator^'  'Naples  Zoological  Station,'  aixl 
otlMTS  which  might  be  named ;  while  in  ue  diseoveiy  and  successful  monograph- 
ing, in  the  intervals  of  six  years*  labour  at  other  groups,  of  a  newfhmily  ef 
minute  Copepods  (tt.i  ( 'honio<»f omafidjp).  parasitic  on  the  Malacostraca,  em- 
bracing forty-three  species,  difficult  to  find,  we  have  an  almost  unique  achit  ve- 
roent.>**  The  handwnich  gave  us  this  has  sJso  provided  a  report  which  embraced 
the  description  of  a  nauplius  of  exceptional  type,  which,  by  a  ptoeess  of  reasoniiy 
by  elimination,  masterly  in  it<*  mothnd.  hns  been  'run  to  ground'  as  in  every 
d^ree  of  probability  the  larva  of  J)arwin's  apodal  barnacle  Frotolepaa  Uomctmf 
of  which  only  the  original  specimen  ia  known.*** 

There  is  but  one  other  crustacean  record  eoual  in  rank  with  this,  vis.,  the 
di«coverv  of  the  penus  AiinKpilcf.  Originally  obtniiied  from  a  fre^h-water  pool 
on  Mount  Wellington,  Tasmania,  at  4,000  feet,  it  has  since  been  found  in  two 
other  localities.*"  It  is  unioue  among  all  living  forms,  in  combining  within 
itself  characters  of  at  least  tnree  distinct  sub-orders  of  '  prawns,'  for  with  a 
schizopod  body  it  combines  the  double  epipodini  lamell.p  of  nn  nmphipod,  the 
head  of  a  decapod  (p^unculated  eyes  and  anteuuulary  statocysts)  apart  from 
characters  peculiarly  its  own.  There  is  reason  to  believe  that  the  nearest  living 
ally  to  this  remarkable  creature  \»  a  small  eyelees species  (Bathynella  natana)  ob- 
tained from  a  Bohemian  well ;  and  if  its  presumed  relationships  to  the  Palaeozoic 
*  pod-shrimps '  be  correct,  this  heterogeneous  assemblage  may  perhaps  be 
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the  rspresentativw  of  a  group  of  primitive  Malacostraca,  through  which,  hf 
structural  divergencef  the  efttabliehment  of  the  higher  cnutacean  eab-oideis  mej 
have  come  ebout. 

It  is  pertiiient  to  thia  to  note  that  frork  upon  cave-dwelUiig  and  teirertrisl 

forms,  upon  '  well-shrimps  *  and  the  like,  has  produced  important  results.  And 
interesting  indeed  is  the  recent  dis*covery  of  three  species,  livinff  at  i!0()-900  feet 
above  sea-level,  in  Uippttland.  one  an  amphipod|  two  ot  them  isopods,  which,  though 
aurfaoe-dwellers,  are  aU  blina.^**  While  they  prove  to  be  spedee  of  f^nera  nonnaOy 
eyed,  they  in  their  characters  agree  with  well-known  American  forms ;  and  the 
bteaching'  of  tlieir  boclics  and  atrophy  of  their  eyes  proclaim  them  the  descendants 
of  cave-dwelling  or  bubterraoean  ancestors,  among  whom  the  atrophy  took  place. 

Hnilej  in  1880  rationalised  our  treatment  of  the  higher  Gntstaoea,  by 
deviang  a  dasrification  by  gills,  expressive  of  the  relationships  of  these  to  tlw 
limb-bases, interarticular  membranes,  snd  body-wall.^'"  Hardly  had  his  influence 
taken  effect  when,  by  work  extending  over  the  years  lbdt>  to  18U3,  in  tbe  study 
of  PensBus,  the  Pbyllopods,  Ostrscods,  and  other  forms,  evimee  had  been 
acenmnlatiTig  to  show  that  the  crustacean  appendage,  even  to  the  mandible  itself, 
has  primarily  a  basal  constituent  (protopodite)  of  three  wprments ;  that  the 
branchiffi  one  and  all  are  originally  appendicular  in  origin ;  and  that  the  numerical 
rsdnetion  of  the  basal  (protopoditic)  segments  to  two,  with  the  assumption  of  a 
non-appendicttlar  relationship  by  the  ^111-,  is  due  to  coalescence  of  parts,  with  or 
without  suppression."^  The  evidence  for  this  epoch- nin It infr  ronclnsiou,  which 
simplifies  our  conceptions  and  brings  contradictory  data  into  line,  is  as  irresistible 
as  It  is  important,  and  there  has  been  nothing  finer  in  the  whole  lustory  of 
crostaoeaa  morphology.  With  it,  the  attempt  to  explain  the  supposed  anomalous 
characters  of  the  anteimnle  by  appeal  to  embryology  goes  to  the  and,  taking 

a  deep  breath,  we  view  the  Crustacea  in  a  new  light. 

Tbieare  remains  for  brief  consideration  one  carcinological  discovery  second  to 
none  which  bear  on  the  signihcance  of  larval  forms.  It  is  that  of  thefMlobito 
Tnarthrus  becki,  obtained  in  nbundance  from  the  Lower  Silurian  near  New 
York,  with  all  its  limbs  preserved."^  In  the  simplicity  oi  its  segmentation  and  the 
btramoas  condition  of  its  limbs  it  is  primitive  to  a  degree.  Chief  among  its 
ehaiBCteia  are  the  total  absence  of  jaws  in  the  strict  sense  of  the  term,  and  the 
fact  that  of  its  three  anterior  pairs  of  appendages  the  third  is  certainly  and  the 
eecond  is  apparently  biramous,  the  lirst  uuiramous  and  nntennifcnu.  In  this  we 
have  a  combmation  of  characters  known  only  in  the  nauplius  larva  among  all 
living  crustacean  forms ;  and  the  conclusion  that  the  adult  1 1  ilobite,  like  the 
Euphausiacea,  Serjrestid.p,  Punaeidse,  tho  Ostracoda,  and  Cirriped»  s  of  to-day,  was 
derived  by  direct  expansion  of  the  nauplius  larva  can  hardly  be  doubted.  Much 
yet  remains  to  be  done  with  the  study  of  the  Triartbrus  limbs ;  and  the  suggestion 
of  a  foliaceous  condition  by  those  of  tlie  pygidinm,  which  are  the  youngest,  is  a 
remarkable  fact,  the  meaning  of  wbi(  Ii  tho  future  must  decide.'"  We  sliould  expect 
the  condition  to  be  a  provisional  one,  since  while  we  admit  the  primitive  nature  of 
the  pbyllopods  as  an  Order,  we  cannot  regard  tbe  foliation  of  their  appendages  as 
anytning  oat  a  speeialisation.  Be  this  as  it  may,  the  structural  community 
between  the  nauplius  larva  and  tbe  trilobito  is  now  proved  ;  and  when  we  add  that 
in  the  yolk-bearing  higher  Crustacean  types  (e.g.,  Attacus)  a  perceptible  halt  in  the 
development  may  be  observed  at  the  tbree-limb-bearing  stage;  that  in  Myais  the 
vitelline  membraae  is  shed  but  to  make  way  for  a  nauplius  cuticle ;  '-^  and  that  the 
median  nauplius  eye  has  lon;^  be«'n  found  sessile  on  the  adult  brnin  of  reprei'en- 
tative  memoers  oi'  the  higher  crustacean  groups,  up  to  the  Iclwter  itielf,^^'  our 
belief  in  the  ancestral  significance  of  the  nauplius  larval  form  is  established 
beyond  doubt. 

The  thought  of  the  nnnpHus  suggests  ether  larval  fornis .  Tlie  gnfttrula  is  no 
longer  accepted  without  reserve;  the  claims  of  the  blat-tuln,  ]ilanula,  parenchy- 
mella,  not  to  say  the  plakula,  have  all  to  be  borne  in  mind."'^  It  is  of  the 
Trocbophore,  howerer,  as  fimiUiar  as  the  nauplius,  that  I  would  rather  speak,  as 
influenced  by  recent  research.  It  is  suppo.<ed  to  be  primitive  for  the  molluscs  and 
dudtopod  worms  at  least ;  and  various  attempts  have  been  made  to  bolster  it  up, 
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and  to  fihow  that  if  we  allow  for  adaptive  change,  lit  chuMtolii^  VtUJuemy 
are  constant  within  the  limits  of  its  simpler  forms. '-^ 

It  is  now  more  than  for^  years  ago  that  the  late  Lac&ze-Duthiers  described 
for  Dmialmm  t  larval  itagei  dianietorifled  hj  th«  poflseeaion  of  weumaa^j 
ciliated  zones,  which  by  reduction,  wirh  union  and  translocation  forvvnrdf*.  give 
rise  t  i  the  troohal  lobe.'^'  It  is  now  known  tliat  in  the  American  pelecyp'^ 
Yoldia  Umatuia  a  similar  stage  is  found,  in  which  a  '  test/  of  five  rows  of  ciliated 
eeUty  ia  preaent;  ^  and  of  the  youngr  of  Dondgr&ta  itmyulMau  tlio  liko  ia  tnie. 
But  whereas  in  the  Yoldia  the  ciliated  sac  is  ultimately  shed,  in  the  Myromenian 
tlip  escape  of  the  embryo  is  accompanied  by  rupture,  which  liberates  the 
anterior  series  of  ciliated  tones  m  a  manner  strongly  suggestive  of  forward  con- 
osDtntioo,  leaving  the  poaterior  eiidet  witli  tta  eU»  attmed.'** 

Tbia '  test '  has  also  been  seen  in  two  species  of  Xuctda^  and  pending  fuller  inquiry 
into  the  Myzomenian  and  a  reinvestigation  of  Dentalinm,  I  would  suggea^t  that 
this  recurrently  ciliated  sac  is  representative  of  a  larval  stage  antecedent  to  the 
tfoehophore,  for  which  the  term  protroehal  may  aiilBee.  Tuia  teim  haa  indeed 
been  already  applied  to  a  larva  ot  certain  Polychajta,  which  might  well  represent 
a  modification  of  that  for  which  I  am  arguing :  and  quite  recently  it  a^^ean  to 
have  been  observed  near  Ceylon  for  a  species  of  the  genus  Marphifta.^^* 

The  diiooTery  of  thia  larra  in  Ihndarna  was  aoeonpanied  laj  that  of  a  later- 
formed  series  of  dorsal  spicular  plates,  which  for  once  and  for  aU,  in  realising 
a  chitonid  stage,  demolish  the  h<'n'sy  of  the  *  Soh  nogastres,'  mischievous  a» 
suKgesting  an  aihnitv  with  the  worms.  Like  that  of  the  supposed  ccphalopod 
affinitiea  of  the  ao-eaUed '  Fteropods,'  it  must  be  ignored  aa  an  enor  of  the  past 

Returning  to  the  protrochal  stage,  whatever  the  future  may  reveal  concerning 
it,  by  bringing  tnet  ther  the  Lamelabninchiata,  Scaphopoda,  and  Polv-placophoni, 
it  associates  in  one  natural  (Series  all  the  bilaterally  symmetrical  Mollusca 
ezee^t  the  cephalopoda.  In  doing  this,  it  deals  the  death4>low  to  the  supposed 


clnsion  I  would  point  out  that  the  recently  discovered  eyes  of  the  mytilids  are 
in  the  position  of  those  of  the  embryo  ChiioUf^^  and  that  just  as  Dentaiium,  in 
the  formation  of  ita  mantle,  pasaes  through  a  lamellibraaehiate  stage,  so  axe  tb»» 
Ismellibranchs  in  number  in  which  a  tubular  investment  is  found.*^^ 

This  protrochal  Inrvn  has  an  important  part  to  play.  It  may  very  possibly 
explain  phenomena  such  as  the  compound  nature  of  the  trociial  lobe  of  the 
limpet,"^  the  presence  of  a  poBt>oral  ciliated  hand  in  the  larva  of  the  ahip-wtnni,*'* 
and  of  a  prre-anal  one  in  tliat  of  various  molluscan  forms."*  In  view  of  it,  we 
must  liesitnte  before  we  fully  flccqit  tlie  belief  in  the  ancestral  significance  of 
the  trochophore.  And  it  is  certain  that  un  idea,  at  one  time  entertained,  that  the 
Aotifer  (Trudka^flUgra)  whidi  ao  closely  resemuea  it  as  to  hear  its  nam^  ia  ita 
persistent  representative,**^  is  wrong,  since  diiaia  now  known  to  be  hvt  the  ftnale 
of  a  species  having  a  ver>'  ordinari"  male. 

Through  the  lihipidoglossa  we  pa£S  to  the  Gastropods,  which  are  one  and  all 
aajrmmetrieal,  for  even  JViSMrslto,  JPi»UUa,  and  JDbns,  when  young,  develop  n 
spiral  shell ;  while  Huxley  in  1877  had  observed  that  the  ahaU^f  .^Ifi^'M'y  ita 
asymmetry,  betrays  its  spiral  source. 

The  notion,  which  until  recently  prevailed,  that  among  these  gastropods  the 
non-twiated  or  so-called  euthyneuioua  condition  of  the  viaeecal  nerve-coida,  aa 
exempliBed  by  tlu  Opisthobvanchs^  ia  a  direct  derivative  of  that  of  the  Chitona 
has  TCen  proved  to  be  erroneous,  since  the  nerves  in  Acteeon  and  Chilina,  like 
those  of  the  prosobranchs,  are  twisted  or  streptoneurous.^^  And  as  to  the  torsion 
of  Uie  gastropod  body,  recent  neeareh,  in  whicn  my  lamented  demonstrator  the  late 
Mr.  F.  Woodwaid  played  a  leading  part,  involving  the  discovery  of  paired  reno- 
pericardial  aperturea  in  Hn/iofif,  Patella,  and  Trochu.*,  has  resulted  in  proof  that 
the  d^xtral  torsion  which  leads  to  the  mouotocardiac  condition,  does  not  affect  ail 
organa  lying  piimitivelj  to  the  lelt  of  the  rectum,  aa  we  have  been  taapfhi.  Oon- 
cerning  the  renal  organs,  it  is  ihib primitivelt/  (pretorsional)  left  one  which  remains 
as  the  functional  kidney,  its  ostium  as  the  genital  aperture.  Nor  is  the  primitively 
right  kidney  neecaaarily  lost,  for  while  its  obtium  remains  as  the  renal  orifice,  its 
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"bo^,  bj  modification  and  reductioD,  may  become  an  appendage  of  the  functional 
IddDey,  ibe  ao-called  nephridial  gland.^^  And  we  now  know  tbere  aie  cue*  of 
•miatTBl  torrion  of  tbe  visceral  munp,  in  w  hich  the  order  of  Buppression  of  the 
organs  is  not  reversed,  the  nrraDgement  being  one  of  adaptation  of  a  dextral 
organisation  to  a  sinistmi  sbell.^'^ 

Though  thus  specialised  and  asymmecrical  aa  a  ^roup,  tbe  gastropoda  are  yet 
plaatio  to  as  unexpected  degree.  Madagascar  haa  yielded  a  Physa  (P.  UumHata) 
■witb  a  neomorpbic  gill,  a  cbaracter  shared  by  species  of  Hanorhis  (P.  comeus  and 
P.  marffinatus),  and  an  Aneylus  in  which  the  lung-sac  is  suppressed ;  while 
St.  Thomas's  Island  baa  given  us  a  snail  {Thyrophorella  thotnensis),  tbe  peristome 
of  whose  ebell  is  produced  into  a  protective  lid.'^*^ 

In  palfeontology,  history  records  the  fact  that  in  1804  Huxley  obj«er\fd  that  tbe 
genus  jStlemnites  appears  to  have  borne  but  six  free  arms  \  a  startling  discovery 
which  lay  dormant  till  tbe  present  y  ear.'^*  And  the  recent  stady  of  the  faima  of  tb^ 
great  African  lakes,  in  bringing  to  light  the  existence  of  «  halolimiiin  molluseaa 
series  in  Lake  Tanrranyikn,  has  opened  up  now  possibilities  concerning  tbe  palceon- 
tological  resources  of  enormous  aqueous  deposits,  recently  discovered  in  tbe 
interior,  and  has  entirely  changed  our  geological  conceptions  of  the  nature  <^ 
Equatorial  Aftioa.^ 

Time  prevents  my  dealing  '9vlth  other  groupff,  and  it  must  suffice  to  state  that 
with  those  I  have  not  considered  substantial  work  has  been  done.  From  what 
has  been  said,  it  is  natural  to  expect  that  in  some  direction  or  another  so  vast  an 
accumulation  of  facts  must  have  eztsnded  tbe  Danrinlan  teaching ;  and  it  is  now 
quite  clear  that  this  has;  been  the  case  with  the  two  poet^Darwinian  pnoeiplat 
known  as  '  Substitution '  and  Isomorphism  or  '  Convergence.* 

The  former  may  be  exemplified  by  nothing  better  than  tbe  case  of  the  Rajra 
and  Skates,  in  wUeh,  under  the  usurpation  oC  uie  propelling  fiuMBtioa  of  the  tail  vj 
tbe  expanded  pectoral  fins,  the  tail,  free  to  modity,  becomes  in  one  species  a 
lengthy  whiplash,  in  another  a  vestigial  stump,  in  others,  by  the  development  of 
powerful  spines,  a  formidable  organ  of  defence.^**'  In  both  tbe  liays  and  certain 
ochar  fithee  anbject  to  the  workn^  of  this  law,  Boditication  goes  ibrther  stiU,  in 
the  appearance  of  electric  organs  in  remotely  related  p-enera  and  species,  by 
specialisation  of  the  muscular  system  of  tbe  trunk  or  tail,  or,  as  in  tbe  case  of 
malapterurusy  of  *  tegumental  glands.'  In  this  we  have  a  difficulty  admitted  by 
Satwin  himself,  which  noar  beeonwa  clear  and  intaUiglhle,  amce  there  is  nothing 
new.  There  has  simply  come  about  the  conver>:inn,  in  one  case  of  the  energy  of 
muscular  contraction,  in  tbe  other  of  glandular  secretion,  into  that  of  electrical 
discharge,  with  accompanying  structural  change.  The  blind  locust  {Pachj/ramina 
Jusci/er)  of  tbe  New  Zealand  Limeatone  caves  proeents  an  allied  case,  since  hexe^ 
under  the  reduction  of  tbe  eye,  tbe  antennSy  elongated  to  a  remarkable  degree, 
have  become  the  more  efficiently  tactile ;  and  it  is  an  interesting  question  whether 
this  principle  may  not  explain  tbe  attenuation  of  tbe  limbs  in  the  r^ntly  dis- 
eofered  Ameiiean  Fnteoid  {T^pkhmolffa  ratkdmrmi)  of  the  Texan  sabteRaneaa 
waters.*" 

And  as  to  i.somorphism,  by  which  wo  mean  the  assumption  of  a  similar 
atructural  state  by  members  of  diverse  or  independent  groups,  I  would  recall  tbe 
case  of  the  Eocene  (JreodoDt  Patn'o/elis  and  the  Seals,  and  that  of  the  Myriapods 
to  which  I  have  already  nlludi-d,  ard  would  cite  that  of  the  BinOiauit  aim  BudSy 
heterodox  though  it  may  appear,  for  reasons  1  have  given. 

As  our  knowledge  iucreases,  there  is  every  reason  to  believe  that,  in  the  non- 
appteciation  of  these  principles  in  tbe  past,  not  a  few  of  oor  classifications  are 
wrong.  We  have  evf^n  had  our  bon-ie!^,  as,  for  example,  the  so-called  Physemaria, 
which  decf'i\ed  the  very  elect;  and  before  1  close  I  wii*h  to  deal  briedj  with  a 
question  of  berious  doubt,  which  these  considerations  suggest. 

It  u  that  of  the  position  in  the  loological  series  of  the  Limuloids,  popularly 
termed  tbe  King  Crabs.  The.«!e  creatures,  be.«;t  known  from  the  opposite  shores  of 
the  Northern  Pacific,  hut  found  in  the  oriental  seas  as  well  as  far  south  as  Torres 
Strait,**'  have  been  aiuce  1829  tbe  subject  of  a  difl'erence  of  opinion  as  to  then 

ttological  posUioD  tad  ai&iiitiei.  lYithin  the  last  twea^  jeaia  there  haive  been 
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tlirop  (ietorrained  advances  upon  them,  and  of  these  the  third  and  most  recent 
may  be  tirst  discussed.  It  has  for  ita  object  the  attempt  to  prove  that  they  are 
intunatdiy  Mtockted  with  the  eephtlatpidiaa  and  other  ahield-beariog  fiebn  of 
the  Devonian  and  Silurian  epochs,  and  that  through  them  they  are  aneeetral 
to  the  Vertebrata.  The  latest  phnse  of  this  idea  is  hn<ei\  on  the  supposed 
existence  in  a  Cephakupu  of  a  series  of  tweutv-five  to  thirty  lateral  apueudagea 
of  arthropod  tyfie.*^  When,  however,  it  is  nnuid  that  the  would-he  limbs  eae 
but  the  edges  of  body-scutes  misinterpreted,  suspicion  is  aroused;  and  when, 
working  back  from  thi-i.  an  earlier  attempt  reveals  the  fact  that  tlie  author, 
compelled  to  find  trabecular,  in  order  to  force  a  presupposed  comparison  between 
the  aiohitecture  of  the  Osphalaspidian  bead-ehieldaDd  tbe  Limuliisr  pTosomal  hood, 
resorts  to  a  comparison  between  the  structure  of  the  former  in  genera!  and  that  of 
the  comu  of  the  latter,  with  details  which  on  the  piscine  side  are  not  to  date,  the 
argument  must  be  condemned. Jc  violates  the  first  principlea  of  comparative 
nornhology,  and  is  vevidtiBg  to  common  sense;  and  as  to  toe  fishes  eonoenied, 
we  Jmow  that  they  have  nothing  whatever  to  do  with  the  limuloids,  for  we 
have  already  seen  that,  with  their  alliea  the  Ptersspidim,  they  are  a  lateral  Inrnneh 
of  the  ancestral  piscine  stem.^ 

The  sscond  adTance  upon  the  hing  crabs  has  rery  nnich  in  eonmon  with  the 
first.  It  has  engrossed  the  attention  of  an  eminent  physiologist  fat  the  la«t  six  or 
seven  years,  and  by  him  it  was  in  dtnail  set  before  Section  I  at  our  meeting  of  1 S1K5. 
Suffice  it  to  say  that  it  specialljr  aims  at  establishing  a  structural  community 
between  the  king  crabs  ana  certain  rertebiates,  faToorable  to  the  eonTietton  th«t 
the  Vertebrata  have  had  an  arthropod  ancestry.'-  '  When  we  critically  surrey 
the  appalling  accumulation  of  words  begotten  of  this  task,  it  is  sufticieut  to  con- 
sider its  opening  and  closing  phases.  At  the  outset,  under  the  concluaioo  that 
the  Tertehntte  nenroos  axis  is  the  metamorphosed  alimentMy  canal  of  the  arthropod 
ancestor,  the  necessity  for  finding  a  digestive  gland  is  mainly  met  by  hcmologismg 
the  so-called  liver  of  the  nrtljropod  with  the  cellular  nrachnoid  of  the  Yar^'al 
lamprey,  in  violation  of  the  first  principles  of  comparative  histolo^ !  At  the 
dose  we  find  iqgeiuons  attempts  to  homologies  nerve  tiaeta  and  comnissnrea 
related  to  the  organs  of  sense,  such  as  are  iffvariably  prsssttt  wherever  sudi 
organs  occur.'^^  Sufficient  this  to  show  that  the  comparison,  m  respect  to  its  leading 
features,  is  in  the  opening  case  strained  to  an  uimatural  degree,  in  the  closing  case 
no  comparison  at  all.  finding,  as  we  do,  that  the  rest  of  the  work  is  on  a  par 
with  tiiis,  we  are  compelled  to  reject  the  main  conclusion  as  mmatural  and 
tmsound  :  and  when  we  Feek  the  explannlion  of  this  remarkable  course  of  action, 
we  nre  torced  to  believe  that  it  lies  in  tlie  iailure  to  understand  the  nature  of  the 
morphological  method.  For  the  proper  pmnsnit  of  oomparatiTe  morphology,  it 
is  not  sufficient  that  any  two  organisms  choem  here  and  there  shoiud  i)e  com- 
pared, with  total  disregard  of  even  elementary  principles.  Comparison  should 
be  first  close  and  with  nearly  related  forms,  passing  later  into  larger  groups,  with 
the  progressive  elimination  of  those  characters  whkfa  are  found  to  oe  least 
constant.  And  necessary  is  it,  above  all  things,  that  in  instituting  eomparieoQ.  it 
should  be  first  ascertained  what  it  is  that  constitutes  a  crustacean  a  crustacean,  a 
marsipobranch  a  cvclostome,  and  so  on  for  the  rest.  W'e  have  tried  to  accept  this 
theory,  fascinated  both  br  tiie  argnments  employed  and  by  the  idea  itaelf,  which 
for  ingenoity  it  would  be  difficult  to  beat,  but  we  cannot ;  and  we  dismiss  it  as 
misleeding,  as  a  fallacy,  begotten  of  a  misconception  of  the  nature  of  the  morpho- 
logical method  of  research.'^^  It  is  of  the  order  of  eveuts  which  led  Owen  to 
compare  a  cephalopod  and  a  Tertebratet^  led  Lacaie-Duthieia  to  regard  the  Turn- 
cat  es  and  Lamellibrancbs  as  allied;  and  with  theee  and  other  heresise  it  most 
he  denounced. 

Passing  to  the  third  advance,  extending  over  the  last  twenty  years,  it  may  be 
said  to  consist  in  the  reviyal  of  a  theory  of  1889,  which  m1^  asserts  that 
LimnlttS  is  an  Arachnid.  In  the  development  of  the  defence  there  have  been 
two  weak  points  but  lately  strengthened,  viz.,  the  insufficient  consideration  of 
the  palseontoiogical  side  of  tbe  question  and  of  the  presence  of  txacheea  among  the 
Araehnida.'*'  Under  the  foimer  there  waS|  until  recently,  assumed  the  absence  oC 
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tho  fir?t  pair  of  appendages  in  the  Furypterida  ;  but  it  ma?  be  said  that  they  have 
since  been  observed  in  JSuryptenu^acheri  of  the  Ku^ian  Siiurian,'^**  and  E.  »coticu$ 
from  tbePentlaiid  HU1s,*^ib  both  of  wliielithejr  consist  of  small  chelate  appendages 
flexed  and  linmlaid  in  detail,  flomewbtt  sedniMd  perhaps,  and  enclosea  by  tlie 
bases  of  the  succeeding  limb.«,  which  become  appofod  as  the  anterior  end  is  reached. 
Since  by  this  discoToiy  the  Limuloids,  Eurypterids,  and  Scorpionids  are  brought 
into  a  nununioal  btmony  of  limb-bearing  parts,  ire  may  at  once  proceed  to 
other  pomta  at  iasne.  iSo  far  as  the  liroader  ttraetmal  plan  of  Limulus  and  the 
Scorpion  are  concerned,  all  will  agree  to  a  general  community,  except  for  tho 
oi^gans  of  respiration ;  but  concerning  the  coelom,  the  mobile  spermatozoa,  and  the 
more  detailed  features  under  which  Limulus  is  held  to  differ  from  the  Crustacea  and 
to  resemble  the  Arachnida,  I  would  remark  that  mottle  spermatMOa  occur  in 
the  Cirripedes  and  Ostracods," "  and  that  the  rest  of  the  argument  is  weok^'ned,  by 
the  probability  that  the  *  arachnidan '  characters  which  remain  may  well  have  )>eeu 
possessed  by  the  crustacean  ancestors,  and  that  Limulus,  though  specialised,  being  still 
an  ancient  form,  might  but  have  retained  them.  The  difliculty  doea  not  seem  to 
me  to  lie  in  this,  nor  with  the  excretory  organs,  if  we  are  justified  in  accepting  the 
aforementioned  argument  that  the  so-called  Malpig:hian  tubes  may  be  intumed 
nephridia,  ectodermal  in  origin,  and  in  knowledge  of  the  existence  of  endodermal 
azcretofyiliveiticula  in  the  AmpUpods.'''^  These  facts  woold eeaoi to fuggeat that 
as  our  experience  widens,  ditferences  of  this  kind  will  disappear. 

As  to  the  tracheal  system,  now  adequately  recognised  by  the  upholders  of 
the  arachnid  theory,  tlie  presumed  origin  of  tracheae  from  lung-books,  the 
probability  that  the  ram's-horn  organ  of  the  Chemetidee  may  be  traeheal,^*^'  the 
prf<erre  of  tracheiB  in  a  simple  form  in  the  Acari,''^  and,  by  way  of  an  anomaly,  in 
a  highly  organised  form  on  the  tibiaa  of  the  walking  legs  of  the  harvestmen 
(Phalaiigidte),"^  are  all  features  to  be  borne  in  mind.  While  I  am  prepared  to 
admit  that  thie  wide  etrnctural  range  and  varied  diatribtttioB  of  the  tncheae  lesEena 
their  importance  as  a  criterion  of  afiinity,  I  cannot  accept  as  conclusive  the 
evidence  lor  the  assumed  homology  between  luug-books  and  gills.^"^  And  here  it 
may  be  remarked  that  a  series  of  paired  abdominal  vesicles,  recently  found  in  the 
remarkable  arachnid  Kcetumia,  invaginate  as  a  nde  but  in  Mie  example  everted, 
seized  upon  in  defence  of  thia  homology,  liare  not  been  eo  xegurded  1^  one  most 
competent  to  judge.^**** 

There  remaius  the  entosternite,  an  organ  upon  which  much  emphasis  has  been 
placed.  Not  only  does  a  similar  organ  exist,  apart  from  an  Mldophrurmal  tjitem, 
in  the  Phyllopod  ApuSf  in  Ct/ch]<K,  and  some  Decapods ;  but,  regarding  the  ques- 
tion of  its  histolo^,  it  may  be  pointed  out  that  from  all  that  is  at  present  known, 
the  structural  diflerences  between  these  several  entosternites  do  not  exceed  those 
between  the  cartilages  of  the  Sepia  body.^**  And  when  it  is  found  that  the  figure! 
and  descriptions  of  the  entosternite  oi  Mrjgale  (' Mygale  pp.,'  *  Mycralomorphou& 
Spider,'  auct.)  have  been  twice  presented  upside  down  I  '^'^  the  reliability  of  tbit 
portion  of  the  argument  is  lessened,  to  say  the  least. 

Kecent  observation  has  sought  to  clrach  the  homology  of  tbe  four  poaterioT 
pairs  of  limbs  of  the  King  crab  and  Scorpion,  by  appe  al  to  a  furrow  on  the  fourth 
segment  in  the  former,  believed  to  denote  an  original  division  into  two;  but  I 
hesitate  to  accept  thia  until  myological  proof  has  been  sought.^'^ 

Beturning,  amidst  to  much  that  is  problematic,  to  the  sure  gronnd  of  paleon- 
tology, 1  wish  to  point  out  that  when  all  is  considered  in  favour  of  the  arachnid 
theory  there  still  remains  another  way  of  interpreting  the  facts. 

In  both  Limulus  and  the  Scorpion  the  first  six  of  the  eighteen  segments  are 
well  known  to  be  fused  into  a  prosoma  bearing  tbe  limbs,  but  while  in  the  Scorpion 
the  remaining  twelve  are  fiee,  m  Limulus  tbey  arc  united  into  a  compact  npistho- 
SOmal  mass.  In  dealing  with  the  living  arthropods,  there  is  no  character  deter- 
minative of  position  in  the  scale  of  this  or  that  series  more  trustworthy  than  the 
antei  o-posterior  fusion  of  segments.  It  has  been  called  the  process  of  'cephalisa- 
tion,'  and  the  doprce  of  its  backward  extension  furnishes  ihe  most  reliable  standard 
of  highness  or  lownees  in  a  given  assemblap^  of  form^.  In  passing  Ironi  the  lower 
to  the  higher  Crustacea,  we  iind  this  fusion  increasing  as  we  ascend  :  and  it  therefore 
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becnnu'3  neceFj-nry  to  compare  the  Scorpion  with  the  other  ArachnidA,  Limnlus 
with  the  Eurypterida,  in  order  the  better  to  determine  the  poeitioD  of  each  in  its 
mpestive  tenes,  hj  the  appliortioii  of  this  mle. 

Ae  to  the  numVr  of  sepments  present,  variation  ia  a  matter  of  small  concern, 
in  consideration  of  the  mode  of  oripin  of  segTnentation  and  the  wide  numerical 
xange-^from  seven  in  the  Ostracods^  to  more  than  sixty  in  Apus — the  segments  of 
the  erastaoeaa  elaas  present. 

On  the  arachnldan  side,  in  the  Solifugre  bnt  thci  Ihird  and  fourth  segments  are 
fused ;  the  remaining  four  of  the  propomal  serie?  with  the  ten  which  remain  are 
free.*^^  In  Kcmmia  four  of  the  prosomal  segments  alone  unite ;  the  tifth  and  sixth 
with  the  vast  ave  ftee."*  And  whso  we  pass  to  the  Uaniloids  and  the  deewndiBy 
serieR  of  their  allies,  we  find  it  distinctive  of  the  Eurypterida  that  all  the  opi»tho- 
somal  segments  are  free.  If  we  can  trust  these  comparifon.';,  we  muft  conclude 
that  the  Eurypterida  of  the  past,  in  respect  to  their  segmeutation,  simplify  the 
Idmnloid  type,  oo  fines  sinultr  to  that  on  whieh  the  Soliftign  and  K«m— li^ 
nmplify  the  Higher  Arachnid  and  Scorpionid  type,  and  that  therefore  if  tbedsgiee 
of  ant ero- posterior  fusion  of  segments  has  the  significance  attached  to  it,  Limufiut 
and  Scorpio  must  each  stand  at  the  summit  of  its  respective  series.  If  this  be 
adndtled,  it  has  next  to  he  asked  if,  in  oompaTfaBfr  them,  we  may  not  be  eompariiif 
enhninating  types,  which  might  well  be  isomorphic. 

The  scorpions  are  known  fossil  by  two  ^nera,  Palaophonus  and  Pro9corpiu»f 
from  the  Silurian  of  Gotland  and  Lanarkshire,  the  Pentland  Hills,  and  New  York 
State;  while  reeentnseanh,]]!  thedinovetyof  the  genus  filnifcfs,haetxaoed  tlM 
Eurypterida  back  to  the  Cambrian,  leaving  the  scorpions  far  behind.'*^  One  striking 
feature  of  the  limbs  of  the  Palajozoic  Eurypterida  is  their  constantly  recurring  short- 
ness and  uniformly  segmented  character,  long  known  in  <SVimoma,  Euryvterui^  and 
Pterygotu*,  retidned  with  development  of  sbImb  In  sone  Rmra,  and  fn  three  of 
the  five  known  appendages  of  the  recently  described  eurypterid  giant  Sti/loni/nt$ 
laroanui*}'^  The  minimum  length  observed  for  these  appendages  is  that  of  the 
Silurian  species  Eurypterw JUcheri^  discovered  by  Holm  in  Kussia  in  1^8.^'*  This 
Cfestiue  IS  one  of  the  few  eurvptends  in  whieh  all  the  appendages  an  ytMerrsdy 
and  it  is  the  more  strange  therefore  that  the  advocates  of  the  arachnid  theoiy 
should  ignore  it  in  their  most  recent  account.  Allowing  for  the  special i^atirm  of 
its  sixth  j^rosomal  appendage  for  swimming,  the  fifth  is  but  little  elongated,  the 
second,  thud,  and  fourth  in  eadi  in  total  length  less,  by  far,  than  the  transverse 
diameter  of  the  prosoma,  and  uniformly  segmented,  giving  the  appearance  of  short 
antennpe.  They  seem  to  be  seven-jointed,  and  are  just  such  appendages  ns  exi?it  in 
the  simpler  crustacean  and  tracheate  forms ;  and  in  the  fact  tnat  their  structural 
simplieity  Is  oondated  witli  the  indspendenee  of  the  whole  moriea  of  opisthosomsl 
segments  thej  lend  support  to  the  argument  for  isomorphism. 

With  this  conclusion,  we  turn  once  more  to  the  Scorpions,  if  perchance  something 
akin  to  it  may  not  be  in  them  forthcoming.  The  Silurian  genus  l*alaophomu^ 
especially  as  lepiesented  1^  the  Gotland  specnnen,  veveals  the  one  ghawwtar  mniwd 
Its  body  does  not  appear  to  be  in  any  marked  degree  simpler  than  tJiat  of  the  livins* 
form** ;  but  on  turning  to  its  limb«»,  we  find  the  four  posterior  pair?!,  in  length  mncn 
shorter  than  those  of  any  hving  species,  all  but  uniformly  s^piented.^^^  In  this 
they  approzimato  towaida  ^  ooncution  of  the  limbs  of  tne  &iypterida  just  die* 
missed,  and  their  condition  is  such  that  had  thev  been  found  ibssil  in  the 
isolated  state  they  would  have  bc^-n  described  as  the  limbs  of  a  Myriapod,and  not 
of  a  scorpion  at  all.  Indeed,  their  very  details  are  what  is  required,  since  in  the 
possesHon  of  a  single  terminal  daw  thej  diifo  ftom  the  hmhs  of  the  recent 
scorpions  as  do  those  of  the  Chilopoda  from  the  hexapods. 

With  this  the  scorpionid  type  is  carried  back,  with  a  structural  simplification 
indicative  of  a  parallelism  with  the  other  arthropod  ^ups ;  and  while  the  facts 
do  not  prove  tne  total  indeptndfmce  of  the  ecorpiomd  and  limoloid  Mries,  thej 
hring  the  latter  into  closer  nannony  with  the  Eurypterida  of  the  past.  Hmj 
prove  that  the  Silurian  Scorpionp  simplify  the  existing  Scorpionid  type,  on  precisely 
the  lines  on  which  the  Eurypterida  simplify  the  Limuloid ;  and  they  do  so  in  a 
manner  whidt  tuggetts  tftwit  a  dlstinotion  oetween  the  CnMetem  sera  and  the 
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Crustacea  (fiyantoatraca  (to  inchule  th«'  Eurypterida  nnd  Xiphnsurn)  is  the  nearest 
expression  of  the  truth.  It  becomes  thereby  the  mort-  re^rettubie  that  in  a  recent 
revision  of  the  taxonomy  of  tlie  limiiloids  the  geneno  name  CaremimorpiuB 
should  havt'  found  a  place.'""^ 

I  foresee  the  objection  that  the  antenniidnn  condition  of  the  sliorter  limbs 
may  be  secondary  and  due  to  change.  There  is  no  proof  of  this.  Against  it,  it 
may  be  said  that  the  immW  of  the  segments  is  nomw},  and  that  w1ik«  natm 
elfecta  such  a  change,  olonpation  is  with  the  multi-artirulate  ptate  the  only  process 
known  ;  as,  for  example,  with  the  second  lejjr  of  the  Pbrynida?,  the  so-called 
second  pareiopod  of  the  I^olycarpidea,  and  the  last  abdominal  appendage  of 

That  advances  such  as  we  have  now  considered  sbeuld  b  ad  to  new  departures 
is  a  necessity  of  the  case;  and  it  but  remains  for  me  to  remind  you  that  within 
the  last  decade  statistical  and  experimental  methods  have  very  properly  come 
more  prominently  into  vo^i^ue,  iu  the  desire  to  adve  the  ptoUems  oi  variatioii 
and  heredity.  Of  the  statistical  method,  by  no  means  new,  I  have  but  time  to 
recall  to  you  the  Presidential  Address  of  1808  by  my  friend  and  predecessor  in 
this  chair,  himself  a  pioneer ;  and  of  the  ex^rimental  method  I  can  but  cice  an 
flocample,  and  that  a  most  satisfactory  one,  j  ustify ing  our  ooafideiioe  kd/H  support.  It 
concerns  the  lute  Professor  Milne-Edwaras.  who  in  1864  described,  from  the  Paris 
Afuseum,  the  head  of  a  rock  lobster  ( ralintunis  penicillatus),  having'  on  the  left 
side  an  antenniform  eye-stalk. With  the  perspicuity  distinctive  of  his  race,  h© 
argued  in  favoor  of  the  'fundamental  similarity  of  parts  susoeptible  to  revert  to 
their  opposite  states.'  The  matter  remained  at  this,  till,  on  the  removal  of  the 
ophthalmite  of  certain  Crustacea,  it  was  found  that  in  reg-eneration  it  assumes  a 
imiramous  multiarticulate  form ;  and  it  is  au  interesting  circuuistance  that  in 
the  common  crayfish  the  hiramous  condition  normal  to  the  antennule  may  ooeur. 
An  example  this  of  a  fact  which  no  other  method  could  explain.*** 

AVhen  all  is  said  and  done,  however,  it  is  to  the  morphological  method  that  I 
would  appeal  as  most  reliable  and  sound.  And  when  we  hnd  (i.^  that  in  certain 
Compound  Tunicatee  the  atrial  wall,  in  the  egg  development  «M»mitttd  by  a  pair 
of  pctoblastic  invaginntions,  in  the  bud  development  may  be  formed  fiom  the 

Sarental  endodermic  branchial  sac  ;  (ii.)  that  regenerated  organs  are  by  no  means 
erivative  of  the  blastemata  whence  they  originally  arose ;  (iii.)  that  in  the 
doYdUmment  of  a  fluauliar  starfish  the  inner  cells  tf  the  earliest  segmentatioii 
stages,  Dy  intercalation  among  the  outer,  contribute  half  the  fully  formed  blastula ; 
(it.)  that  there  are  Dipteru  in  existence  in  which,  while  it  is  well-nigh  impossible 
to  discriminate  between  the  adult  forms,  there  is  reason  to  belie?e  the  pupa 
cases  are  markedly  and  constantly  distinGt ;  it  heoomes  only  too  evident  that 
the  later  embr\  onic  and  adult  states  are  those  most  reliable  for  all  purposes  of 
comparison,  and  that  it  is  by  these  that  our  animals  can  best  be  Known  and 
judffed.  Caution  is,  however,  necessary  with  senility  and  age,  since  certain 
■kaUa  have  been  fbund  to  assume  at  this  period  eharacteis  uid  proportions 
strikingly  abnormal,"^''  and  by  virtue  of  a  most  important  discovery,  which  we 
owe  to  the  Japanese,  that  in  certain  Uolothurians,  the  calcareous  skeletal  deposits 
may  so  change  with  age,  as  to  rend»  specific  diagnoses  baaed  on  their  presumed 
immntabifity  iiiTaHd.)^  Advaaee,  real  and  progressive,  is  in  v>  dspvtWMk  <oi 
Jtoological  inquiry  better  marked  than  in  comparative  morpholep,  and  it  ia  for  the 
pre-eminence  of  this  that  I  would  plead.  £ducataonaUy,  it  affords  a  mental 
giscipline  second  to  none. 

we  Hie  hr  ideas,  we  adTaace  by  a  knowledge  of  &ets,  content  to  diseorer  tha 
meaning  of  phenomenay  nnee  the  natnre  of  things  will  be  for  em  beyond  our 
grasp. 

And  now  my  task  Is  done,  except  that  I  feel  that  we  must  not  leave  this  place 
withoutawoidof  sympathy  and  respect  for  the  memory  of  one  ofits  soos^  an  earnest 
devotee  to  onr  caupe.  William  Thompson,  bom  in  l^lfast,  1806,  became  in  due 
time  known  as  *  the  father  of  Irish  natural  history.'  By  his  writings  on  the  Irish 
hmuif  and  bia  umMioiia  additiona  to  its  lists,  he  secured  for  himself  a  lasting 
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fnme.  In  his  desire  to  be  nefit  other?,  bo  early  associated  himself  with  tb^  work  of 
the  Isatural  History  ISocietv,  which  still  flouriithes  in  this  citj^.  He  was  i^resident 
of  tUa  Section  in  1848»  and  diod  in  London  in  1862,  wMlo  in  tlio  asrvico  of  ovr 
Anoebtion,  in  lug  fortj-serenth  year,  beloved  by  all  who  knew  him.  Ilis 
memory  still  snrxMres ;  and  if,  as  a  result  of  this  meotini^,  we  can  inspire  in  the 
members  of  the  Natural  History  and  Philosophic  Society  of  this  city,  as  it  is  now 
tormed,  and  of  ita  Natoxaliito*  Held  Olnb,  an  anthnaiaani  equal  to  hu^  ire  ahail  not 
ka,T9  aaaembled  in  vain. 


List  of  Hejereiices  added  after  the  Delivery  of  the  Address,  by 

desire  of  Friends, 

'  Nature,  x.  362,  and  Set.  and  Culture,  p.  199.  '  Hirota,  Jour.  Coll.  Sti. 
Tokyo,  vi.  337.  "  Cf.  PJf.S.,  1896,  p.  307.  *  Moore,  TV  Tanganyika  Problem, 
Lond.,  1902.  »  Cy.  lie<ldard,  Manrgr.  of  ths  Order  OUgoekata,  Oxford, 
•  Beddard,  P.Z.S.,  1898.  p.  733.  ^  Marsh,  Amer.  Jovt.  Sd.  and  ArU,  iv.  1", ; 
riv.  362 ;  xlviii.  259.  *  Cf,  Huxley,  Avier.  Addresses,  1877.  p.  71 ;  Marsh,  Amer. 
N9t.^  viii.  S88 ;  Amer.  Jtmr,  Set.  xvH.  497 ;  Wortman*  BuU.  Amer,  Mms.  Aat.  Hist, 
viii.  81;  Scotf,  Jour.  Aforph.,  v.  301.  •  Cf.  Scott,  op.  nt.,^).  3G4.  »•  Osbom, 
HuU.  Avutr.  Mms.  Nat.  Hist.,  viii  157;  xvL  91.  »  Cope,  Amer.  Aat.^  1884.  pp. 
1110, 1199 ;  and  1895.  p.  40.  **  H arah,  Mvitogr.  €".8.  OeoL  Surrey,  vol.  x.  **  Osborn, 
cf.  Jiull.  Amer,  Mus.  Nat.  Hist.,  xiii.  229,  and  Mem.  Amer.  Mus.  N.  H.^  i.  75. 

Scott,  Trans.  Amer.  Phil.  Soc,  xviii.  125.  •»  Cf.  Osborn,  Bull.  Amer.  Mus.Nat. 
Hut.^\s\.  169. and  Wortman,  Amer.  Jour.  Sei.,  xi.  to  xiv,  Osborn,  Amer.  Nat., 

1898.  p.  118 ;  Osborn  and  Wortman,  Jiull.  Amer.  Mus.  Nat.  Hut.,  v.  1.  "  Ameghino. 
Efnum.  synopt.  d.  Mam  m  if.  Foss.  d.  f.  eocene  d.  Patagtmie,  Buenos  Aires,  1894. 
■*  Soott,  Jour.  Acad.  Nat.  Hci.  Philad.  (2),  pp.  9.  162.  '*  Wortman,  BuU.  Amer. 
Mtts.  Nat,  HUt.,  Ti.  129.  and  Osborn,  ihid.,  siil.  269.  *  AOtmrn^.  lisp.  PrimeetM 
Sci.  Fxprdit,  New  York,  1878,  p.  57,  Plate  X  ;  cf.  Scott,  Trans.  Wagner  Free  lust. 
Sci.  Philad.,  vi.  p.  xi  cct  seq.  "  Lydekker,  PaUeontol,  Argentina  {Ann.  Mus. 
La  Plata),  ii.  and  iU.  "  IMd.  ii.  part  2.  »  Ibid.  iii.  part  2.  Woodwaid. 
Jirit.  Assoc.  Hep.,  1899,  p.  783,  and  1901  (1),  p.  169.      »  Scott,  Science,  xr.  689. 

«  Osborn,  Pror.  4  Intcmat.  Conffre^n  Xo,>l.,  1899,  p.  172;  rf.  Forsyth-Major,  Ge»l. 
Jlmj.  (4),  vi.  i/47,  and  .\ndrews  and  Ueadiiall  (Saghatherium)  J*relim.  Note  <m  sowe 
New  Mamm.  f.  Upper  Eoc.  of  JCgypt.  Cairo,  Nat.  Printing  Dept.,  1902,  5. 
»  Andrewe,  Gtol.  Mag.  (  O.  viii.  437,  442.  "  Andrews  and  BeadnaU.  <i|r.  eit.,\. 
{Pkioma).  »  Andrews,  Geol.  Mag.  (4),  viii.  403.  »  Ibid.,  p.  406*  •»  Ibid. 
<4),  ix.  291.  «  BeadnaU,  of.  Naturs,  Ixr.  494.  ^  Cf.  Foisyth-Hajor.  PJLB^ 
]8^1H.  p.  196.  *«  Huxley.  P.Z.S.,  1880,  p.  GIO.  "  Breaslau.  Zeit.  f.  Morph.  und 
Anthrojf.,  iv.  261.  '*  Uowes,  Juur.  Anat.  and  Phys.,  xxiii.  587.  *^  Howes. 
ibid.,  xzi.  190.  and  P.Z.8.,  1893.  688.  *  Hill.  Pr«e.  Linn.  8oe.  y.8.W.  (2).  z. 
and  Quart.  Jour.  Micr.  Sci.,  xl.  385,  and  xliii.  1.  "  Van  Bencden  and  Julin,  Arekiv 
d.  Biol.,  V.  369.  and  Hubrecht,  Quart.  .Tour.  Micr.  Sci.,  xxx.  283.  *•  Symington, 
Jour.  Anat.  and  Phys.,  xxvii.  81.  *'  Elliott  Smitli.  ibid  ,  xxxv.  431,  448.  «  KU. 
Smith.  P.R.8.,  Xxx.  226.       «  Woodward.  P.Z.S.,  1 81*3,  p.  4 «  Ell.  Smith.  Jour. 

Zirnr  Soc.  Zool,  .xxviii.  446.  "  Broom.  P.ZS.,  1902  (1),  224.  «  Ell.  Smith, 
2'rans.  Linn.  Soc.  Zool.,  viiL  part  12.  *^  £arle,  Amer.  Nat.,  1897.  pp.  569.  680. 
^  Cf.  Otbom,  tupra,  raf.  16.  «  Woodward.  P.Jf.8.,  1899.  pw  144,  and  1900.  pi  64. 
*r'  Heinliardt,  A'.  iJansk.  Yidensk.  Selsk.  Shr.  Stockholm  (5),  xii.  353.  "  Lankester, 
t'taiis.  Zool.  Sac.,  xvl  279,  and  Forsyth- Major.  P.Z.8.,  1902,  June  and  Nov. 
•*  StirUng,  Trans.  R.  Soc.  8.  Anstr.,  1891,  p.  154.  -  Tbomaa,  PJ^.8.,  1895,  p.  87a 
**  Huxley.  P.Z.S.,  1882,  p.  560.  "  Huxley,  ibid.,  p.  668.  *•  Moaer,  Fanny. 
Archirf.  mihr.  Avat..\x.  oS7.  "  Marsh,  The  Odontomithes :  A  Moni>gr.  of  the 
Lj-tinei  Toothed  liirth  of  N.  America,  Washington,  1880.  *•  Cf  Andrew?,  (iroL 
Mag.  (4),  ii.   241.  Andrews,    Ann.  and   Mag.  N.  Hist.  (6),  xv.  333. 

Andrews,  (leol.  Mag.  (4),  iii.  1.  Dendy,  Quart.  Jour.  Micr.  Sri.,  xlii.  1. 

•*  Howes  and  Swinnerton,  I'rajis.  Zool.  Soc,  xvi.  14.  Andrews,  Ann.  and 

Mag.  Nat.  Sist.  (6),  xv\.  248.  •*  Lydelcker.  JBrU.  Mns.  Cat.  IhssUMspt.  and 
Amphb.,  part  2,  p.  78  ;  rf.  nlso  T^anr,  A»af.  Arz.,  x.  450.  "  Newton,  Phil.  Tnins . 
1888  B,  p.  504 ;  also  Woodward,  Ann.  and  Mag.  Nat,  Hist.  (7),  ix.  3.  **  Broom. 
Trans.  &  Afnc.  PhU.  Soc.,  zi.  173.      "  Manb,  *Tho  IHnoaanza  of  N.  America,' 
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Hep  \Uh  U.S.  Geol.  Survey,  p.  177.  "  Bonlcnper.  BHf.  Mu».  Cat.,  Chelmia, 
Ukynchocrph.,  and  Crocod.,  p.  17  $rq.  •»  Originally  by  Brandt ;  cf.  Pjcraf  t,  P.Z.S.f 
1898.  p.  974,  and  Jour.  IdtM,  8oo.  ZooL,  xxTiii.  34:5.  "  Dames,  Paleont.  AbhmUL 
Berlin,  u,  144;  r/.  Osbom,  Amer.  Xut  ,  xxxiv.  777.  "  Froriep,  ArcMv  f.  Anat. 
«.  Ph^$.  iAnat.  Abth.%  1882,  p.  279,  and  1885,  p.  1.  "  Of.  ii^ra,  ref.  90.  "  Howe» 
and  BwumertOB,  tujtra,  ref.  62,  p,  70.  Howw,  JVSitefv,  xUil.  869  and  tv/mi, 
ref.  62,  p.  69.  "  Osbora,  Mt-m.  Amer.  Mus.  Nat.  ffitt.,  i.  171).  *«  Seelcy.  PhiL 
Tfan».,  1892  B,  pp.  311,  364;  t^.  alio  Gadow,  ZeU,  /.  Morpk.  und  Anthrop., 
iw.  846.  "  RlMe,  Zod.  JaM.  {Anat.  Ahth.\  v.  99.  *•  Qf.  Boulengcr,  P.Z.>i., 
1895.  p.  402,  and  Kingsley,  Studie*  Biol.  Lab.  Tufti  CoU,  U.S.A.,  No.  7,  p.  323. 
^  Woodward,  Geol.   Ma<t.  (4),  iv.  293.  Credner,  /Tflt.  deuUch.  geol.  Oes.^. 

xiv.  639;  aUo  *M^ru,  rut.  62,  p.  69.  "  Graham  Kerr,  I'./..S ,  1898,  p.  42;  PhU. 
7V«iM.«  B,  czeii.  p.  304  ;  '  Concerning  Protapterut ;  cf .  Guntber,'  Proe.  Limn.  Soc*, 
cxii.  60.      '*  Avers,  Jenaische  Zeit.,  xviii.  i80.  F.r)ulenger,  Let  PoUsotu  d. 

£a$tm  d,  ComoI  liruxelles,  1901,  p.  37.  Newberry,  Mitnogr.  16,  (/,S.  Gaol, 

Sitfvt^ ;  Woodwaid,  BrU.  JArt.  Oat.  FMi  /Uftef,  ii.  pp.  xxi,  276 ;  aod  Bashford  Jhua, 
'Jrans.  iV.  York  Acad.  S<''  ,  xv.  157;  anfl  Mrm.,  ii.  part  3.  Nrwhc  rry,  flj>.  cit., 

?L  44.  •*  6y.  Collett,  Nor$kc  Fred.  Univ.  ChritUamiat  Progr.  L'nd  Semester,. 
897,  and  Woodward.  Ann.  and  Mag.  Nat.  Sirt.  (7),  Hi  487.  Tr.Kiuair.  Metn. 
PuiUtontogr.  Soc,  1877.  and  1901,  No.  2.  "  Traqnair,  Awi.  Scottish  Nat. 
Hht ,  1894.  p.  94.  »»  Traquair,  Trans.  R.  Soc.  Edinh.,  xxxix.,  Nos.  20,  21,  32, 
and  Geol.  Mag.  (4).  vii.  153,  and  ix.  289.  ***  Klaatsch,  Mtirph.  Jahrh.,  xx.  143. 
n  OOatlwr,  BrU.  Mm.  Cat.  FUhe»,  viii.  512.  Qf.  Ajen,  Biol.  Led.  Wood's  ffoU., 
Bostoo,  1H93,  p.  137,  Price  K.  Bajer,  Akad.  d.  U'lw.,  xxvi.  67  and  Bashford  Dean, 
^uart.  Jour.  Micr.  Soi.,  xL  276.  "  Howes,  iVoo.  and  Trans.  L'pool  Biol.  Soc.,  vi. 
1 29.  •*  Bitter,  Srtt.  Amoo.  Rsp.,  1896,  p.  716.  **  Herdman,  s^ipra,  ref.  93,  p.  61. 
llatta.  Jinir.  Coll.  Set.  Tokyo,  xiii.  ;U1.  "*  Howes,  Ji)//r.  Linn.  Soc.  Zool.,  xxiii.  555. 
Budgett,  Trans.  Zool.  Soo.  xvi.  126.       "  Dum6ril,  Mist.  Nat.  des  Poissons,  Paria, 

1.  38.  WoodwanJ,  Brit.  Mas.  Cat.  Fossil  Fishes,  iv.  pp.  vii,  120.  >«  Boas, 
Miti-ph.  Jahrb.,  vi.  527.  S;ilensky,  ZtO,  Anz.,  i.  289.  Sewertzoff,  «MI 
Kiipffer  Festfchr.  Jena,  1899,  p.  2^1,  and  for  general  rhunn'  and  full  reference  see 
supra,  ref.  62,  p.  50.  Wheeler,  Pn^che,  1893,  pp.  457-564,  and  Jour.  Morph.  iii. 
869.          Haneeo,  EnUmol.  TUiskr.,  xiii.  78,  and  Willey,  ^l.  Jiesultt^  Camb.,  part  6^ 

i>.  701  Hansen,  S'tpra,  ref.  105,  71,  and  Zaol.  Anz.,  xvi.  193,  201.  Cho- 

odkowsky,  Mem.  Acad.  Imp.  Sci.  St-PiUrsb.  (7),  xzzviii.,  No.  4,  p.  26.  Packard^ 
ZooL  Aii».  XT.  239.  Pooodc,       Aw.  zri.  971.  Dendy.  Qtuuri.  Jowt.  Mier. 

5ri.,  xlv.  3G3.  Hansen,  r/<6'  r/;o«it»<^«//<«?Wrr,  Copenhagen,  1897.  '"Hansen, 

JBrgeb.  d.  Plankton- Exped.  ds  Humboldt- Stiftung,  Kiel  und  Leipzig,  ii.  49. 
»•»  Thomnon,  Trans.  Linn.  Soc.  Zool.  (2),  vi,  285  ;  also  Caiman,  T.ILS.  EdinlK, 
xxxviii.  787.    "*  Caiman,  Joiir.  Linn.  Soc.  Zool.,  xxvii.  33H.  Sayce,  Ann.  and 

Mag.  Nat.  Hist.  (7),  viii.  r>58.  Huxley,  P.Z.S.,  1878.  p.  7.V2.  Clans,  Arh. 

Zool.  Inst.  Wien,  vi.  42;  Hansen,  supra,  ref.  106;  cf.  also  Caiman.  rti/;ra,  ref.  113, 
793.  Beecher,  Amer.  Jour.  Soi.  (4),  i.  261  ;   Amer.    Oed.,  zvii.  30.H. 

TUecher,  Amer.  Jour.  Sot.,  xlvii.  298.  Nusbaum,  Archir  Zool.  Exp.  C2)» 

T.  161.  Bampas,200j.  u1a5.,  xvii.  176.  6/.  McMorricb.  ifu>/.  i/«c^  Wood  * 

MaU.  Be§io»,  1891,  p.  79.  Cf.  cspee  Meisenhrimer,  Zrtt.  wiss.  Zool.,  Izix. 

114.  Lacaie-Dathiors,  JPist.  du  DciitaU,  Paris,  1858,  p.  21 C.  Drew,  A  nnt.  A  nz., 
XV.  493  ;  Men.  Biol.  Lab.  Johns  Hopkins  Univ.,  iv.,  No.  3,  and  Quart.  Jour.  Micr.  iScb.., 
xliv.  313.  VrxLVOt,  Comptesrendus  Acad.  Set.  Paris,cx\.^%9.  Hiicker,  i^T^'i^. 

Kiss.  Zool,  Ixii.  101.  '«  Borradaile,  P.ZS.,  1901  (ii.)  714.  fi^s.  6,  6  IVLseneor, 
Arehiv  d.  Ifwl.,  xi.  287.  Pelseneer,  JrcAir  d.  Biol ,  xvi.  9;» ;  cf.  also  Lov6n,  ,1  r<7uir 

f.  Naturgesch.,  1856,  p.  206.  Ex.  Myaoea,  and  qf.  Lacaze-Duthiers,  rujtra,  ref.  124^ 

PI.  VII.,  fig.  6.     »«  Patten,  Arh.  Zool.  Inst.  Wlen,  vl.  149.     «"  Hatachek,  iHd.,  iii.  11. 

McMurrich,  Studies  Bit)!.  Loh.  Johnn  Hopkins  Univ.,  iii.  433.  Semper,, 
Zeit.  wiss.  Zool,  zzii.  311.  and  BiiUchli,  ilkd.,  zzvi.  395;  cf.  Thorpe,  Jour.  R.. 
Mivr.  See.,  1891,  p.  301 ;  1893,  p.  147  ;  and  Koffoid,  Seimsee,  It.  996.  Booviet,. 
Comptes  rend.  Acad.  Sci.  Paris,  cxvi.  68 ;  and  Plate,  ^Iw/.  Jahrb.  (Anat.  Abth.}, 
ix.  200,         Cf.  Woodward,  Quart.  Jovr.  Micr.  Sci. ,  xliv.  215.  and  Fleure,t 6tVi.,  xlvi.  77. 

Ex.  Ampvllariid<e,  Bouvier,  ^1»m.  iSci.  Nat.  Zool.  (J),  iii.  lOOci  sea.  Pelseneer, 
Comptes  rend.  Acad.  Sci.  Paris,  cxix.  354.  Girard,  Jour,  oci,  Acad.  Lisbon, 

(2),  iv.  28.  Cf.  Crick,  Proc.  Malac.  Soc.,  v.  15.  Moore,  supra,  ref.  4  ;  and 

Jour.  R.  Geogr.  Soc,  1 901,  p.  1.      '  *»  C/.  Day,  I'\shes  of  India,  PI.  CXCIII.,  figs.  1  and 

2,  and  Fl.  CXCIV.         Friteob,  Bie  eUet,  Fiseke^  Leipiig,  1887,  and  Nutmre^  xlvU. 
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271  ;  r/.  also  Ewart.  Phil.  Tra»».,  188>^  R,  pp.  399 and  539.  Stejnitrer,  Proe.  U.S. 

Nat,  Mus.^  xviii.  G20;  and  cf.  Aature,  Ix.  389.  Huxley,  Anat.  of  Invert.  Anim,^ 

m.  646,  671 ;  if.  terito  Kent,  Ann,  mn4  iU§,  Nat.  nUi,  ii.  68,  and  Lankester, 
Quart.  Jour.  3fier.  Sei.,  xix.  476.  Pocock,  Ann.  and  Jfag.  \at.  Hist.  (7), 

ix.  256.  Patten,  Quart.  Jour.  Micr.  Sci.,  JEXzi.  317 ;  and  Amer.  Nat.,  zx3cvL379. 

**  Fatten,  Verk.  6  Tntemat.  Xdal.  Con{freuet,  Berlin,  1902,  p.  ISS;  ef.  LindstriSm, 
J3ih.  til  k.  Srentk  Vrf.-A^ad.  ffandl.  Stoi'kliolm,  xxi..  Af.  4,  No.  3.  Tnu.uair.  /tuj>rfi, 
ref.89,       Gaakell,  Jirit.  J#«f»c.  Jiejt.,  189G,p.942.       Qvart.  Jotir.  J/i<>r.<Sri.,xxxi.402. 

Jour.  Anat.  and  Phy$..  xxxv.  224 ;  xxxvi.  1 64.  Cf .  Proe.  Camb.  Phil.  Soe.,  1 895, 

19.     '"Owen,  Todd's  Cijrhp.  of  Anat.  and  Lart.  *  Cephalopoda.'  Lacaze- 

Duthicrs  (an'l  Delacre),  Mim.  Acad  d.  ,<ci.  Pari.*,  xlv..  No.  1,  j^p.  8,9.  Lanki^- 
ter,  Qttart.  Jour.  Micr.  ScL,  xxi.  504,  fi09.  and  article  *  Arachnida,'  Encyclop.  Brit., 
ed.  10,  p.  619.  Holm,  Mhn.  Acad.  Imp.  8eL  St-Pitersk,  (8),  vUi.  No.  2.  PL  in^ 

fips.  1,  2,  5.  Latin'e.  Tranti.  Boy.  Soe.  £dinb.,  xixix.  5«<R.  Of.  also 

Polyphcm  ust  Zacharias,  Zei t.  wUs.  JSooLt  xli.  252.  (y.  Wheeler,  supra  (^Jour.  Matvk  ), 
fef.  104,  and  Spencer,  ^tMir#.  JSmr.  IRcr.  SbL,  szt.  IflS.  Bmuud,  JSwr.  .Kwi. 
6Sjc.  xxiv.  426.  Jlichael,  Brit.  Oribatid>r,  Pn>j.  168.  Hansen, 
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339,  and  Simmons,  Tuftg  Coll.  Studies,  ii.  49.       »*  Hansen,  Entom.  Tidskr.,  1901, 

5908.  Cf.  Lankester,  Quart.  Jour.  Micr.  iHm.,  SXiv.  140:  and  Hartogr.  Trans, 

inn.  Soe.  Zool.  (2),  v,  44.  "^^  Cf.  Lankoster,  supra,  ref  167,  129  ;  and  Stewart, 
Cat.  Physiol.  Ser.  R.  Coll.  Surgeons,  ed.  2,  i.  18.  Lankester,  ref.  157  iQuaH, 

JSnir.)  ¥L  XXIX.,  figs.  5, 5a ;  Fbtten  and  Redenbangli,  Jaw.  Morph.  xvi.,  Fl.  II.,  figs. 
11.  12.  Cf.  Pocock,  supra,  rrf  147.2G6.  Brninrd.  Trans.  Linn.  Soe.  Zt$L 

(2).  Ti.  308.  Hansen  and  borenaen,  EaUmol.  Tidskr,  Stockholm.  1897,  p.  2SS. 

feferenoee  see  Pooock,  Quart.  Jour.  MUr.  8ci.,  zUt.  S91.  ***  Beeober,  ffmL 
Ma,j.  (4),  viii.  561.  >■»  T/".  Woodward,  PaUtontogr.  Soc.  Monogr  ,  Y>an  4,  1872; 
Schmidt,  Mfm.  Arad.  Imp.  Sci.  St-Pftcrsh.  (7),  xxxi.  No.  6,  and  Beecher,  Geol.  Mag. 
(4),  vii.  481.  Holm,  sujtra,  ref.  158,  PI.  II.,  fig.  1  Cf.  especially  Thorell  and 
JAxMmn,  Konigl.  Vet.-  Ahad.  Handl.  Stockholm,  xxi  ,  No.  9.  fig.  1.  Pocock, 
smtra.ref.  1 17,  2€,".  Cf.  15ate,  Ttep.  II.V.S.  Chailenyer,X3dy.  503,  and  Bate  and 

Westwood,  Hist,  of  Brit,  sess-eyed  Crustac^  tK>nd.,  p.  46.  Compt^  rend.  Acad. 

Sei.  Pmrit,  Uz.  710:  for  fig.  if.  Howes,  IWT,  p.  469.         Herbst,  AfMt 

f.  Enttoick-merlinnih,  ix.  215.  and  Trofor,  Verhand.  di'utsch.  zool.  Oesellsch.^  1894, 
p.  82.      >"  WUsou,  Lect.  Wood's  JIolL,  Boston,  1895,  p.  Ill,  and  Bitter, 

Seienee,  v.  486.  ***  JSr.  'The  Regenerate  Lens  of  Triton,'  Colucci,  Mtm. 
Acad.  Bflhffjiia  (5),  i.  167,  and  later  Milller,  Archir  f.  mikr.  Anat.,  xMi.  23. 
'»*  Mastermkn,  7./?.S.  Edinb.,xi.  380.  Thomas.  P.irJSl,  1886,  p.  126.  Mit- 

sokuri,  Annot.  Zool.  Japoncnses,  Tokyo,  i.  31. 


The  following  Papers  and  Beports  were  read 

1.  On  BriHsh  Fisfieriei  Investigations  and  the  International  Seksms, 
£y  Profeasor  W.  C.  McIhtosh,  Jf.i>.,  FJLS. 

Before  referring  to  the  proposals  for  the  International  Scheme  of  nsheries* 
InTestigations  in  the  North  Sea,  the  hi-story  of  Fisheries' Investigations  in  our 
country  may  be  noticed.  Few  of  note  occurred  before  1883,  and  niort'  real  pro- 
greiia  had  beeu  made  iu  regard  to  the  Salmon  than  the  Sea  Fisheries,  maiuly 
because  individoal  effort  comd  be  carried  further  in  the  former  thsn  the  latter. 
Yet  it  was  rather  a  lack  of  opportunity  than  of  inton\-t  which  was  responsible  for 
thU  condition  of  things.    The  Royal  "Commission  of  presided  over  by  Loni 

Dalhousie,  made  the  tirst  attempt  to  grapple  with  the  scieutihc  aspecta  of  the 
question,  and  a  series  of  obsemtioiis  wevs  eanied  out  by  tbe  mm»  eje  sad  esii- 
bodied  in  the  Report.  One  re.sult  that  a  srhemo  was  drawn  up, three  areas  of 
the  8ea  closed,  and  arranrrements  made  for  a  series  of  test-e.xperinients  up^^n  wliich 
future  legislation — including  closures — was  to  rest.  The  important  duty  of  cany  iug 
out  these  eotperiments  was  entrusted  to  the  Scotch  Fishery  Board,  end  speetal 
instructions  were  giv  ns  to  the  kind  of  s^hip  and  the  kind  of  trawl  necessary  for 
their  success.  Unfortui:at"!y,  the  Scotch  Board  followed  methods  of  its  own,  so 
that  iuiilead  of  coatiuuizig  aud  extending  the  observations  of  1884,  a  new  set  was 
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begun,  a  set  wbidi  could  be  compared  nitli  nothing:  which  had  been  done  pre- 
viously, which  was  then  beinp^  done,  or  which  would  be  done  in  future.  The 
Scotch  Board,  however,  did  not  wait  for  some  decisive  results  of  these  experimeots, 
bat  pxoeeeded  to  dow  utn  tad  inraaeot  a  Report  of  its  own— whi(»i«  briefly, 
was  to  the  eSect  that  a  coiutdeiable  increase  had  occurred  in  the  fishes  of  the  areas 
closed,  and  therefore  it  recommended  further  closures,  and  this  notwithstandinp 
the  inefficiency  of  the  ship  the  Board  had  selected  for  the  experiments.  After  ten 
years*  experimente  with  the  same  uoreliablo  ship,  tlie  Board  came  to  the  coneliision 
that,  while  round  fishes  had  kept  up  their  nniiiberst  Aftt  fishes  had  diminished  in 
the  closed  areas  from  the  excessive  trawlinpf  in  the  regions  beyond  the  tliree- 
miie  limiti  Oonsequeutly,  it  looked  for  important  results  from  its  experiments  in 
the  vast  area  of  the  Moray  Firth,  which  has  been  closed  fast  ten  years.  It  is  to  be 
legtettedy  liowerer,  tibat  the  closure  oi  this  great  off-shore  area  has  produced  no 
other  result  than  !•*  shown  in  the  following  quotation  from  the  Bf^ard's  Report  for 
IdOO  ^ :  '  The  quantity  of  fishes  procured  by  the  Garland  is  therefore  small,  and 
funlshee  a  noat  inadequate  basis  for  any  oondnsaooa  as  to  the  eflect  of  the  dosnra 
of  so  wide  an  area  as  the  Moray  Firth.  The  inooDipetanee  of  the  Tessel  for  the 
work  it  was  intended  perform — from  other  reasons  than  its  unseaworthiness — 
has  been  frequently  pointed  out  in  previous  reports.'  It  is  seldom  that  so  candid 
an  admiaioo  is  nMe  (1)  of  themistaheofpnrdiasinff  snehaTessel;  and  (2)  of  the 
validity  of  the  criticisms  in  the  '  Resources  of  the  Sea.*  Whilst  these  remarks  are 
mndf',  it  has  to  be  borne  in  mind  that  the  early  irapr^'faions  of  theBourd,  viz.,  that 
the  closure  of  an  area  increased  its  fishes,  probably  led  to  misapprehensions.  Even 
if  it  bad  been  practicable  to  prove  this,  the  methods  and  matenals  were  inadequate. 
Fisheries  have  been  as  variable  in  the  olden  time  as  now,  and  wlierever  Imup- 
continued  nnd  aeournte  oVervntions  Ijave  been  carried  out  the  reasons  broUj^t 
forward  in  support  of  the  impoverishment  of  the  sea  are  found  to  be  slender. 

A  cajnfnl  sorm  of  tlie  mode  in  whidi  the  important  sdenttfic  observations 
entrusted  to  the  Scotch  Department  have  been  earned  out  does  not  inspire 
confidence. 

Certain  proposals  for  the  improvement  of  the  Fisheries,  as  well  as  those  of  the 
International  Sclieme  of  Fiabenoi^  luTeetigatione,  may  now  be  conadered. 

Foremost  amongst  the  former  is  the  neceasitj  for  improved  statistics.  In 
Scotland  the  records  now  show  what  certainly  has  been  taken,  but  it  is  doubtful 
if  all  that  has  been  taken  is  recorded.  The  present  incomplete  state  of  the  statistics 
of  the  fisheries  in  England  and  in  belaud  is  much  mors  damant.  In  dealing 
with  the  statisties  of  the  fisheries  of  the  United  Kingdomi  theiefiovey  as  a  basis  on 
which  to  urge  expensive  and  important  measures,  great  cautlon  ia  required^  and 
this  especially  applies  to  the  international  scheme. 

A  necessity  exists  also  fbr  the  careftil  surrey  of  the  ofif-shore  and  in-ehore 
fishing-grounds.  The  close  relation  between  these  has  frequently  been  pointed  out 
since  I^^84  onwards.  The  life-liistories  of  the  f c  od  fishes  would  thus  be  advanced, 
and  the  ambiguities  coimected  with  the  use  of  such  a  term  as  '  nurseries  of  plaice ' 
dispelled. 

But,  besides  the  ordinary  oif-shure  fishing-grounds,  the  conditions  still  fiurther 
from  land  are  important.  If,  as  the  writer  has  often  said,  the  food-fishes,  or  certain 
of  them,  stretch  far  outwards  on  both  shores  of  the  Atlantic,  the  closure  of  the 
tiny  strip  of  three  miles  round  the  shores  of  Great  Britain  is  insignificant. 

Such  investigations  should  be  undertaken  by  the  central  authority,  for  the  seUy 
with  its  pelogic  contents,  b  not  the  property  of  a  local  committee,  but  is  the  pro- 
perty of  the  nation. 

In  the  international  scheme  hydrographical  work  occupies  a  prominent 
position,  yet  hitherto  the  results  of  meteorological,  hydrographical,  and  other 
physical  investigations  in  connection  with  the  sea-fishenes  have  not  been  of  such 
promise  as  to  warrant  their  being  placed  in  the  foreground.  The  statement  that 
it  is  probable  that  changes  in  the  water  in  the  North  Sea  must  profoundly  atfect 
the  fishes  has  yet  to  be  proved.  When  one  reflects  that  the  ways  and  meUiods  of  ' 

'  Fart  UI.,  p.  19, 19tb  Bqport»  1891, 
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fishes  and  the  forms  on  which  they  feed  in  the  ocean  and  in  tlie  Noftli  Sea  m 
particular  have  been  for  ag-es  aa  tnoy  are,  and  probably  as  they  will  be  for  ages 
vet  to  come,  this  appeal  for  hydrography,  under  present  circumstaocea,  can  scarcel/ 
beadmitted.  Irwapectiye  of cairente — ^whether  Aictie  or  Atiantie-^tha  rery  young 
fislMl  inTariaUy  iollow  the  laws  which  regulate  their  apnearance  at  particular 
seasons.  Hydrographical  and  other  physical  work  shoula  be  relegated  to  th» 
trained  officers  on  board  H.M.  ships,  and  thus  relieve  the  present  scheme. 
Tlieee  reniailn  an  not  intended  to  depreeiato  the  Talue  of  meteorological  and 
hydrographical  work  as  a  tield  for  scientiBc  research. 

In  the  programme  of  the  International  Conference  the  food  of  fiphes  is  included 
under  general  iaunistic  work.  This  is  unnecessaryi  for  the  ocean  teems  witk 
aontiahment  at  aU  aeMons. 

Though  not  ipecially  recommended,  the  subject  of  the  artificial  propagatioii  of 
marine  fishes  is  mentioned  under  Clause  III.  This  subject  is  at  present  on  it* 
triaL  ISo  result  of  importance  has  yet  been  achieved  by  the  Scotch  Pisherr  Board 
after  eight  or  nine  Tears*  labouri  and  tzpenditura.  In  some  eaeea  it  would  appear 
that  the  tmnaportation  of  the  adolte  (e.$r.,  soles  and  plaice)  to  the  region  to  be 
experimented  with  would  be  more  satisfactory;  as,  indeed|  was  shown  at  St. 
Andrews  in  the  case  of  the  sole,  eight  or  nine  ^ears  ago. 

In  dealing  with  the  exploration  of  the  flsbing-groonds,  it  is  well  to  note  wha* 
has  recently  been  aooomphahed  in  Norway.  Dr.  Johan  Iljort  and  Dr.  Enut  Dahl 
have  found  immense  numbers  of  young  gadoids  (chiefly  cod  and  haddock)  in  the 
▼ast  area  stretching  irom  the  shores  of  Norway  to  Iceland  and  Jan  Meyen.  Thie 
is  oorroboratiTe  of  the  opinions  held  by  the  anthor,  and  of  thoee  erpweeed  hem 
From  a  fisheries'  point  of  vi^iw  the  distribution  of  the  important  food-fiaheay  sudk 
as  the  cod,  haddock,  ling,  hake,  plaice,  turbot,  brill,  and  sole,  is  of  the  first  import- 
ance in  the  international  scheme,  for  it  is  clear,  if  their  habitat  embraces  much  of 
tiie  Atlantic,  pigmy  measorea  of  olosnre  in  the  North  Sea  are  of  littla  moBMOt 
in  the  interests  of  the  fisheries.  On  the  other  hand,  the  practical  treatment  of 
the  imniature-G«h  question  should  not  be  s  leading  motive  for  the  participatioil  of 
Great  Britain  in  the  luternational  Conference. 

The  scheme  of  the  Conference  leaTes  out  the  determination  of  the  distribotiov 
and  other  features  of  the  food-fishes  to  the  W.  of  ahottt  10^  W.  off  the  greater 
part  of  the  Briti'sh  ^oast,  whilst  the  only  parts  cominjr  within  its  influence  ar» 
the  eastern  and  western  coasts  of  Scotland.  The  Dauuih  areas  also  are  too 
limited.  The  determination  of  the  seasonal  cbengee  in  these  limited  aieae^  aa 
regiads  temperature,  solenitj,  currents,  food-supply  of  fishes,  eggs,  lame, 
young  and  ndnlt  food-fishep,  is  not  of  vital  importance.  Arrangements,  more- 
over, arc  only  made  for  the  working  of  the  new  steamers  in  Scotti&h  waters.  It 
is  douhtiTnl  if  other  aydlaUe  aid  wul  saiBoe.^ 

Afrain,  it  would  have  been  well  to  make  the  life-history  of  the  salmon  in  the 
sea  a  definite  subject  of  inquiry.  This  would  be  greatlv  nid^  d  by  the  systematie 
marking  of  smolts  and  salmon,  as  Mr.  Uolt  and  Mr.  Calderwood  are  now  doing. 

In  regard  to  the  institation  of  a  central  body  or  department  for  the  tueo 
divisions  of  the  kingdom,  it  may  be  remarked  that  this  was  Lord  Dalhousie's  id^ 
It  i)re8ents  simplicity  in  ndministration,  economy  in  the  staff  and  offices,  uni- 
formity in  statiaticsy  freedom  from  local  influences,  and  a  wider  field  for  deduction. 
Yet  it  may  be  qaestioned  whether  the  rset  area  and  its  complex  and  eter- 
Taryiog  details  could  thus  be  efficiently  handled. 

In  the  case  of  separate  administrative  departments  in  England,  Scotland,  and 
Irelaud,  each  would  more  readily  adapt  itself  to  the  wants  of  the  countries* 
The  present  staff  in  each  conntry  would  require  reoiganisation. 

In  considering  the  question  of  assistance  from  the  State  in  fisheries^  researches^ 
it  would  appear  to  be  prudent  that  all  such  assistance  should  be  pivt-n  by  the 
fisheries  Authorities  (such  as  the  Fishery  Board  for  Scotland  in  its  re-modelled 
form).    One,  or  at  most  two»  marine  lahoiatoriee  efficiently  supported  and 

'  Certain  changes,  which  indicated  urccrtainty  in  the  original  programmer 
appear  to  have  been  made  at  the  recent  Conference. 
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diergetieaUy  odmiiiistered,  ate  iuffiment  fat  meth  cUvidoo  of  thd  countrj. 

'Adequate  scientific  inve-stlfl^ations' is  a  torm  capable  of  various  interpretations 
aa  a  basis  for  legris^lation.  Experience  sUowd  tliat  the  mn-*t  extendea  and  the 
most  complete  series  of  investigations  in  regard  to  special  areas — viz.,  tlioi^  of  the 
Sooleli  Ftohery  Boafd,  liy  meant  of  the  Garbrnd^-wen  not  fbUowed  by  legislation 
cm  the  lines  of  the  results. 

The  mem^j^rs  f)f  the  three  separate  Boards  should  be  representative  of  the 
various  tishmg  interests,  of  legal  knowledge  and  of  scientific  experience  in  the 
&licii8t»  tbe  mice  of  ^  Ro^  Sooiet;^  Seing  taken  in  legtrd  to  the  latter.^ 
Each  Board  should  have  one  efficient  ship,  a  well-equippecl  marine  laboratory,  or 
two  where  these  already  exist,  and  a  small  but  ethcient  statl'  of  scientific 
workers.  The  Boards  ahould  be  in  constant  touch  with  each  other  so  as  to  avoid 
duplication.  Thej  iiiould  letain  the  control  of  the  tdentifie  fiaheriea'  xeaeavciMa, 
the  necessary  organisation  for  each,  and  the  collection  of  statistics.  District 
committees  would  be  useful  in  the  management  of  oyster  and  mussel  beds, 
cockle-grounds,  and  similar  departments,  but  all  scientific  work  in  connection 
even  with  thoeo,  and  on  the  salmonoids,  should  be  under  the  authority  of  the 
nentnl  Boarda. 

Finally,  and  above  all,  it  must  be  clearly  understood  that  the  most  expensive, 
most  complete,  and  most  skilfully  conducted  international  surveys  cannot  alter  the 
lawa  of  Natura,  or  causa  the  as*  to  hold  a  laraer  number  of  ibod-fisfaea  at  a  given 
time  than  the  ctrcnmstanoes  of  capture  and  other  conditions  wattnnt.  Great 
and  fortuitous  variations  have  occurred,  now  occur,  and  will  occur,  in  the 
abundance  of  all  marine  food-fiahes.  Nothing  more  may  accrue  from  the  most 
aeaiddng  inquiry.  TUa  caution  ta  the  more  necessary  in  view  of  the  leadineea 
of  the  Government  to  launch  into  the  somewhat  expeii>lve  undertaking  of  the 
international  scheme.  Yet  there  is  no  fear  of  tlie  extinction  of  any  species  of 
food-tisb,  espuciall;^  of  those  importunt  to  man.  Furthermorci  fishes  have 
alwunded  in  the  pnmsBfal  aa  in  the  modem  seas,  although  the  ravaaes  of  the 
l^gantie  reptilian  and  otlier  fidi-dertvoyers,  which  in  some  cases  were  mirtributed 
over  the  whole  expanse  of  the  ocean,  could  not  liave  been  lej?.s  than  even  the 
far-reaching  methcMla  of  man.  In  neither  period  has  extinction  ensued  from  the 
nravailing  agencies,  nor  ia  it  lihely  to  tam  place  under  these  oonditioas  fa  the 
ratOTC. 


2.  The  International  Inveatigaiion  of  tlie  North  Sea. 
Bjf  Waltsb  Oabstaito,  MJL, 


3.  Certain  Objections  to  the  Propomd  ScJieine  of  IntenuUioiuxl  Inveati- 
Rations  of  the  North  Sea.    By  D.  Noel  Paton,  J/.i?.,  B.Sc. 

To  Qreat  Britain,  with  its  preponderating  interest  in  the  hsheriee  of  the  2sorth 
Sea,  the  most  important  point  to  fae  determined  by  a  scientifio  investigation  of  that 
area  is  whether  Uiere  is  or  is  not  a  decrease  In  the  number  of  fish. 

The  question  considered  in  the  paper  is  '  how  far  the  proposed  scheme  of  inter- 
national investigation  is  calculated  to  five  information  of  value  upon  that  point.' 

It  ie  indicated  that  the  work  is  to  be  done  by  a  oomparaliTely  small  number  of 
ateamen  working  aloqg  certain  lines,  and  that  this  impfiee^ 

1st.  That  oondosiotts  as  to  the  general  distribution  of  fish  are  to  be  drawn 

from  samples  taken  from  limited  areas. 

L'nd.  That  the  take  per  ship — or  per  capturing  unit — is  to  be  adopted  08  tbe 

mean^  of  lueu^uring  the  abundance  or  density  of  the  fish. 

The  available  evidence  as  to  how  far  the  adoption  of  these  methods  ia  justifiable 
is  considered. 


I  TheGofenunent  haa  in  tta  ptesent  schema  entiiely  woided  the  Boyal  6ode^. 
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Ist.  It  it  thown  that  the  analysis  of  the        of  Forth  investigations  publiahed 

in  the  Sixteenth  Annual  Report  of  the  Inspector  of  Fisberio^i  Firtherios: 
Enpland  and  Wales  ')  indicates  that  the  results  as  to  the  number  and  size  of  tieh 
captured  in  any  one  area  may  diverge  widely  from  those  obtained  in  closely  adja- 
emt  MMU.  It  woold  that  appear  that  it  ia  fallacious  to  draw  coocl  usioOB  6oB 
mc.h  snudl  MiDplet  M  Can  be  pioeiirad  by  the  method  to  beadoptad  la  tbepcopoaad 
scheme. 

2nd.  It  is  pointed  out  tbut  the  take  per  capturing  unit  varies  with  the  number 
of  eapturiog  units  at  work  as  well  as  with  the  denai^  of  the  fish,  and  lluit,  there* 
fore,  it  is  fallacious  to  accept  it  as  a  measure  nf  the  latter.  This  is  illti<5trntcd  hy 
the  example  of  the  eiiect  of  increasing  t^^e  number  of  bug  nets  in  n  r»mge  of  nets 
on  the  take  of  salmon  per  nut.  It  is  pointed  out  that  the  majority  of  the  Norwe- 
gian Oommiision  on  Gwlmon  Fisheries  fell  into  this  error  of  accepting  the  take 
per  net  a"?  a  mp.asuiv  of  tlie  abundance  of  salmon,  nnd  that  Mr.  Garstanp,  in  hla 
'  Impoverishment  of  the  Sra,' also  made  the  same  mistake.  Grimsbv  tigures 

are  analysed,  and  it  is  shown  that  they  do  not  justify  his  conclusion  that  a 
decrease  in  ua  number  of  fish  is  proved  bv  them.  It  woiud  therefore  appear  tiiat 
to  accept  the  take  per  unit  as  a  measure  of  the  abundance  offish  is  foUabiOtta  and 
likely  to  yield  unreliable  results. 

The  danger  of  allowing  international  investigations,  which  mav  be  expected  to 
lead  to  legidation  for  the  regulation  of  our  fleneriei^  to  be  earned  out  by  aneh 
umatisfaotory  methods  is  stioogljr  urged. 


4.  The  Scales  of  Fishes  as  an  Index  of  Age.'^    By  J.  Stuart  Thomso.v. 

This  paper  took  the  form  of  a  lantern  demonstration  i  11  ust  rating  the  new  method 
of  determining  the  age  of  Gadoid  tiahes  by  means  of  their  scales. 

The  scales  of  Gadoid  and  many  other  fishes  show  a  series  of  parallel  eccentric 
lines  which  indicate  succeesive  increments  of  growth.  These  lines  of  growth  have 
been  found  to  be  more  widely  separated  in  that  part  of  the  scale  formed  durinp:  the 
warm  season  of  the  year  thain  in  the  portion  formed  during  the  cold  »<easoD  ;  the 
alternation  of  the  two  series  gives  rise  to  the  appearance  of  '  annual  rings '  whidk 
indicate  the  age  of  the  fish  in  yeaia. 


5.  Report  on  the  MigrcUion  qf  Bird$» — See  Reports,  p.  273. 


6.  Report  on  Uhe  OccujxUion  of  a  Table  at  ilie  Zoological  Station^  Naples. 

See  Reports,  p.  269. 


7.  Itfipwi  on  the  Occiipniioji  of  a  Table  ai  ilw  Marine  BiologiolU 
Laboratory^  IHymoutK — See  Reports,  p.  271. 


8.  i^sjwrf  on  ih»  *  Index  AnimaHum,* — See  Beporta^  p.  883. 


9.  Twel/Ui  Report  on  (he  Zoolofjy  of  the  Sandtoich  Idandt. 

See  Reports,  p.  284. 


^  The  paper  will  be  pabUshed  in  egUnm  in  the  «r#MiM;^  ik$  Mmitu  Mcieffeai 

AssoouUion. 


» 
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10.  Third  Htport  on  the  Coral  Reefs  of  th$  JfuKan  Jiegi&n, 

See  Reports,  p.  284. 


11.  Interim  Report  wi  Researches  made  in  fh>-  Laborafort/  of  the  Marini 
Biohgwd  Anodation  qf  the  West  oj'  ^Scotland,  MiUport, 


PBIDAY,  SEPTEMBER  12. 
The  IbllowiDg  Pwpsm  wtie  md:— 

1.  Account  of  his  Recent  Expeduion  to  the  Indian  Ocean,  including  Work 
on  the  Pearl  Oyster  Ranks  of  the  Gulf  of  Manaar,  By  Professor 
W.  A.  Hbbomah,  FMJS* 

2,  Onihe  Amphtpodi  eoUeeUd  by  Professor  Herdman, 
By  A.  O.  Walkbb,  F,L,S. 

The  coUeelaoQ  la  contained  in  about  sixty  tabeai  of  which  I  have  only  had  time 
to  examine  one.  From  this  I  sorted  out  what  I  take  to  be  foiirtpon  genera  belonpnpf 
to  twelve  families.  I  have  no  doubt  that  the  collection  will  prove  to  be  tbo  roost 
important  yet  received  from  tropical  seas.  Although  the  8uecie.s  will  no  doubt  bu 
different  ftom  tho«e  of  our  ahorea,  yet  the  general  charaeter  or  those  examined  did  not 
app«'ar  to  differ  g^atly  from  what  one  would  expect  to  take  in  five  to  ten  fathoms 
on  our  shores;  but  this  statement  may  have  to  be  modified  on  further  exaniinatiou. 
In  point  of  size  they  do  not  appear  to  differ  much  from  species  of  the  same  or 
allied  genera  on  our  own  eoaafts. 

The  only  species  identified  is  Melita  eatesi,  Giles,  the  male  of  which  is  remark- 
able for  having  the  hand  of  one  of  tlie  f^'cond  pair  of  limbs  enormously  develo]K*d, 
and  the  distal  margin  armed  with  three  teeth.  Aa  the  colour  of  the  limb  is 
pinir,  the  reaemblanoe  it  bears  to  a  broken  bit  of  shell  is  very  close.  The  leg 
on  the  other  side  is  slender  and  feeble.  Tlie  use  of  this  limb  appears  to  be 
protective,  as  Dr.  Ilerrlman  says  the  animnl  huri«>'<  itw^lf  in  the  sand,  covering 
Itself  with  it.  The  female,  however,  has  no  such  protection,  the  second  pair  of  legs 
being  equal  and  slender.  I  may  add  that  I  have  seen  a  speeiee  common  on  our 
ahorse  cany  a  piece  of  shell  when  swimming,  under  which  it  hides  when  at  rest. 


3.  On  the  PUmkton  i/ih«  Indian  Ocean.  By  Isaac  C.  Thohfsov,  FMS. 

The  plankton  or  general  surface  material  collected  br  Professor  Herdman 
dnriaig  hia  reosnt  T03rage  to  Oylmi  and  while  there,  waa  entrusted  to  me  for 

examination.  It  was  contain*  <l  in  fifty-tive  bottles  of  three  ounces  capacity  each  ; 
the  preserratiTO  material  used  was  in  some  cases  formol  and  iu  others  alcohol.  Ten 
of  the  bottles  contained  material  collected  from  Liverpool  to  the  south  mtd  of  the 

Red  S(!a,  fourteen  bottles  from  the  Indian  Ocean,  and  tliirty-oni'  lx)ttles  from  the 
Ceylon  district,  iTicliultn<r  the  ywiir]  banks  and  tin-  coral  reefs.  Passing  over  the 
iirst-mentioued  serieM  1  proceed  to  deal  with  tU<;  material  contained  in  tho  fourteen 
bottlee  collected  in  the  Indian  Ocean.  Professor  Herdman's  method  of  collecting 
material  while  tra\  elling  in  a  rapid  mail-steamer  has  been  described  in  the  '  Pro- 
ceedings'of  the  Liverpool  Biological  Society.  On  this  ocmsion  he  was  fortunate 
enough  to  have  the  entire  use  of  one  of  the  bath-rooms.  Wat^r  was  drawn  from 
about  12  feet  below  the  surface  of  the  sea  into  a  tank  on  the  ship  from  which  buths, 
Ac.,  are  supplied.  A  tow-net  waa  fixed  to  the  tap,  so  that  all  the  supply  of  water 
ran  through  it ;  by  this  means  It  was  practicable  to  collect  the  mnt^rhil  contained  iu 
the  water  mostly  in  good  condition  irom  the  whole  length  ol  the  route  travelled. 
The  material  obtained  was  uecebsarily  restricted  to  that  lakua  from  a  depth  of  about 
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12  feet  below  tlie  surface ;  if  that  from  a  ^^reater  depth  or  from  tlie  actual  surface  could 
have  been  obtained,  a  much  larger  variety  of  fauna  would  Imve  been  secured.  The 
plankton  obtained  was  very  varied.  Diatoms  (CubcinodiscuSi  Biddulphia,  &c.)y 
FoTaninifen  (Globigerina),  minots  Algse  (PeriunMi  Cendam,  &c,),  MednMB, 
rteropod^,  Badiolaria,  Onistaoea  (Eriehtbiua,  8tOBMt^od%  Amphipods,  GSnipeda), 
Salp«e,  &c. 

far  the  lai^est  propurtiou  of  the  oceau  plaiikton  secured  conisista  of  Copepoda, 
a  diTitionof  the  Entomoetiaca,  and  I  devoted  my  examinatbii  msiiilj  to  tlua  cUes. 
Tlieamount  of  plankton  taken  by  tow-net  ut  diflVrent  places  was  very  unequal,  and 
depended  upon  atmospheric  conditions — li?lit,  heat,  cold,  calm,  or  tempest  rrrently 
intlueuced  it.  From  causes  ditlicult  to  explain,  the  tow-net  was  sometimeb  almost 
empty ;  at  other  times  it  oontiined  maaees  of  one  diaas  of  life,  the  other  forma  pro- 
bably having  gone  to  a  greater  de^tb.  Copepoda  are  the  commoneBti and  the  most 
widely  distributed  of  all  marine  life,  often  constitiitinu'  tli*-  ontirt»  maa^  taken  by 
the  tow-net.  Many  of  the  surface  species  are  buused  u[i  by  their  int^^rnai  oil- 
globules,  as  in  the  Aretio  Seas,  where  one  species  (Calanus  JinmartAieui)^  hardly 
one  quarter  inch  long,  of  red  colour,  is  said  to  form  the  sole  food  of  the  Greenland 
"whafp.  Most  of  the  Dottlea  contained  several  thousands  of  aniraals,  many  of  which 
required  to  be  dissected  with  iinelv  pointed  needles  under  the  microscope  for  the 
datwmuiation  of  thehr  In  tne  foorfeeen  bottles  taken  in  the  Indian  Ocean 

I  found  sixty-four  species  of  fr^e  swimming  Copepoda,  comprising  twenty-seven 
genera,  many  of  which  had  not  been  previously  known  in  the  Indian  Ocean,  aud 
probably  some  new  species  not  yet  determined.  As  might  be  expected,  they  are 
miM}[  free  twimmins'  non-parasitical  forms  belonging  chiefly  to  the  faimlies 
Oalnniday  PontellidiB,  O^dopldo),  CorycsDidse,  and  Sapphurinidte.  Swarms  of  onu 
species  sometimes  occur  in  a  particular  gathering.  In  liiis  connection  T  may  allude 
to  Trichodesmium  erj/tht  feuvt.Sk  minute  reddish-brown  Alga  mentioned  in  'iJ&rwin^a 
Ymge  of  the  Beagle,"  *  and  common  in  the  Bed  Sea,  which  nearly  fills  one  bottle 
OOllBeted  off  the  Oeylon  pearl  banks.  When  the  Ceylon  material  comes  to  be 
examined  it  may  probably  be  found  widely  distributed.  We  shall  have  a  fairly 
complete  record  of  the  plankton  taken  from  the  entire  route  traversed  when  the 
whme  collection  is  examined. 


4.  On  the  CiUth'fisluis  coflertM  hif  Professor  Ilerdnian, 
By  W.  E.  HoYLE,  MM 


6.  On  J)^posU$  dredged  hy  Professor  Ilerdman  in  tlie  Indian  Oeeont 

By  J.  LoMAS,  A.R.CS.,  FMM. 

The  samples  of  sea  bottom,  about  thirty  in  luniiber,  were  collected  mainly  from 
four  districts  round  the  coasts  of  Ceylon,  H.  of  Ceylon  about  Point  de  Galle,  the  E« 
coast  at  Trincomalee  Bay,  Palk  Bay  N.  of  Kamiserram  and  Adam's  Bridge,  and  the 
Gulf  of  Manaar. 

In  fJalle  Bay,  from  depths  of  (1  to  8  fathoms,  shells  with  sand  were  dredsred. 
Large  drifted  shells,  such  as  Area,  Anomia,  Uatrea,  Cuculleea,  and  Turritella, 
mostly  in  a  rotten  condition,  made  up  the  bulk  of  the  coarse  material,  along  with 
large  bamacle  Talves  and  a  few  sharks'  teeth.  £ncrustati<ni  of  NulUpores,  Ser* 
puirr,  and  I'olyzoa  covtncd  the  shells,  and  Cliona  borinp-*  wore  common  in  thoSS 
shells  composed  of  ealcite,  while urfifr'niite  forms  were  not  atiected. 

The  finer  material,  obtained  by  siftmg  through  a  sieve  with  a  mesh  of  1  mm.» 
Contained  from  61-41  to  63*62  per  cent,  of  carbonate  of  lime,  and  included  small 
Molluscs,  echinoid  spines,  plates  ;ind  anchors  of  Holothurids,  spicules  of  Alcyonium 
and  Leptoclinum,  as  well  as  many  Foraminifera,  such  as  Heterostegina,  Globiir*- 
rina,  Textularia,  and  Spirolocuhna,  fragments  of  Molluscs,  Crisia,  and  Nullipores, 
and  as  ioorguie  constituents  kyanite,  oomndum,  zircon^  mtile,  tourmaline,  luieUy 
and  quartz.    A  considerable  amount  of  coal^  in  pieces  Up  tO  f.iludliB  diaMfeWt 

well  rolled,  may  be  due  to  accidental  causes. 
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From  off  Belligam  two  BJimplcs  were  dredged,  cue,  a  fine  calcareous  mud  with 
ahells,  yielding  7(i-50  per  cent,  of  carbonate  of  Jime,  and  another,  obtained  at 
depths  of  4  to  G  fathom?,  containing  many  rotten  bvownahelb  bond  by  Clunia^ 
IJajnacle  valves,  and  HalimMn  in  fresh  condition. 

The  fine  material  in  both  huuls  consists  of  smooth  mud  which  cakes  on  dryinjf. 
It  eontaina  rery  few  quartz  grains.  Foraminifera  are  ravBi  but  spiculea of  Sponges, 
Aflcidiann,  and  Holothuriuns  make  up  the  bulk  of  tbe  non-calcaieoua  matter* 
Diatoms,  espcciiiUy  Co-cinodiscus,  are  ijijrly  abundiint. 

Ofi'tlie  muut  h  ul  i  i  iiicomaleeiiay,  at  12  tathomn,  Furaminifera  Band  was  dredged 
eontaminilf  67*7  per  cent,  of  one  form,  Hderostenna*  Ubllusea,  including  anch 
form8  as  Area,  Trochus,  Patella  4  8  per  cent,,  Corals  and  Polyzoa  0*2  per  cent., 
Nullipor»  s  8'0  per  rent.,  while  Alveolina  (two  species)  make  up  0*9  per  cent. 
JLchiiiocyumuH  occurs  r^punugly:  lO'o  per  cent,  pas^sed  through  the  fine  sievey  and 
thia  material  conaiata  almoet  entirely  of  Foraminifera,  including  PulTinulina* 
Textnlaria,  Diecorbina,  Miliolina,  and  Nummulites.  Pteropoda,  Alcyonium,  and 
Sponge  spicules  are  fairly  plentiful.  The  inor£ranic  constituents  include  quarts 
grains,  well  rounded  and  ranging  up  to  3  mm.  diameter,  and  a  black  powder  much, 
of  wlucb  could  be  removed  by  a  majp^iot.  Tbe  non^nagnetic  portion  waa  iWictioii* 
ated  by  means  of  the  double  iodides  of  mercury  and  barium,  and  showtMl  a  great 
number  of  garnets,  corundum,  touniialine,  and  kynnite  in  the  heavier  fractional 
while  quartz  and  a  few  fiakes  oi  mica  made  up  the  lighter  portions. 

Nortb  of  Kamiaerram,  in  PaUc  Say,  wnera  abaUow  water  (6  to  7  iktfaoma) 
eonditions  extend  over  a  great  area,  and  where  tbere  i.H  an  almost  complete  ab* 
sence  of  current.'?,  n  very  extraordinary  de|>o8it  occur!*:  it  consists  mainly  of  con- 
cretions, irregular  in  tbrm,  with  here  and  there  a  c&st  of  shell  along  with  a  few 
large  ■balla  in  a  fairly  fredi  but  broken  condition.  The  abella  include  Area,  CSaiw 
dium,  Modiola,  Charon,  Pecten,  Murex,  Na^a,  and  the  Pearl  Oyster.  No  double 
valves  are  found  and  the  calcit«»  varieties  are  sometimes  Ixired  by  Cliona.  No  fine 
material  accompanies  the  deposit.  The  concretions,  however,  on  treatment  with  a 
weak  add  eflTerTeeee  strongiy  and  yield  a  large  percentage  of  fairly  coamsand. 
The  casts,  which  jneld  G4-86  per  cent,  of  carbonate  of  lime  and  3*2  per  cent,  of 
phaspliate  of  liraH.  lull  to  mud  when  placed  in  Avater,  and  it  was  necessary  to  soak 
in  thiu  balsam  and  haixien  before  a  section  could  be  obtained,  itound  the  peri*- 
pbery  of  (hecaata  k  a  fine  layer  of  calcite,  wldcJi  moulda  itaelf  into  the  ioequalitiea 
of  the  abell'a  inner  aurface :  this  is  succeeded  by  a  darker  layer,  and  then  the  whole 
interior  is  seen  to  con^i^t  of  sand  grains,  quartz,  tourmaline,  felspar,  and  zircon, 
embedded  in  a  mass  oi  secondary  calcite*  The  sand  graiua  increase  in  size  on 
proceeding  from  tbe  exterior  inwiurda,  and  remind  one  of  the  weH-hnown  ftet  that 
when  grama  of  different  dimensions  are  shaken  in  a  hnsin  the  finer  material  sinka 
to  the  bottom  and  the  coarser  rises  to  the  surface.  It  is  ])robable  then  that  the 
grains  were  rocked  to  and  fro  when  in  a  loose  condition  inside  the  shell  and  the 
eementing  took  place  aubsequently.  Afterwards,  owing^  to  altered  condition^  the 
outer  abell  waa  dissolved  and  the  cast  h^ft.  It  is  noteworthy  that  felapaia  are 
found  in  these  casts,  w  hlle  tbey  ara  absent,  as  a  rule,  from  sen  sands.  They  must 
have  been  embedded  very  soon  after  their  breaking  away  from  the  parent  rocks  and 
befioro  kaoliniaalrion  bad  reduced  them  to  clay. 

The  inofgaiue  fragments  dissolved  out ^  acids  and  fractionated  showed  a  great 
preponderance  of  garnets.  The  heavier  portions  were  pink  in  colour  on  this  account. 
Other  minerals  found  w(>re  corundum,  tourmaline,  zircon  (inclosed  in  garnet  and 
free),  kyanite,  quartz,  luica,  and  felspar.  A  niunb^r  of  black  grains  were  composed 
of  ilmenite. 

Farther  east,  and  just  north  of  Adam's  Bridge,  at  a  depth  of  7  fatboma,  a  fine 
black  mud  occurs,  which  on  analysis  gives ; — 

Water  and  Oiganio  Matter    «     «     .  16-60  per  oenti 

Silica   55-00 

Carbonate  of  Lime   3*50  „ 

Phosphate  of  Idme  •      .      ,      ,      •  2*25  ^ 

Ferric  Oxide  410  „ 

Alumina   16*80  „ 

MagnesiB      •>••••  2-70  tt 
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A  few  heavy  minerals  occur,  but  the  bulk  is  made  up  of  day  with  miuute  grains  of 
quart  z.  Only  a  few  orgaDisma,  oiM  Fotaninilexa,  and  a  ■nail  shell  fitagoMiit  w«e 

wtind  in  a  sample  examiued. 

In  the  Gulf  of  >!  annnr  banks  are  found  which  shallow  towards  the  middte  of 
the  bay  and  deepen  towardii  the  north  and  west. 

The  middle  aiea  of  these  banks  oonmsts  mainly  of  sand  yieldbg  carbonate  of 
limfifromMOf>to7"04  cent.  On  themarpins,  where  shell  fragments  and  Foramiiii- 
fera  become  more  abundant,  the  percrntaj^'e  increases  to  2'2"2()  and  84  32;  while  on 
the  extreme  v/est,  where  depths  of  Ki  fathoms  are  found,  the  amount  becoma  7i>  oO 
and  85*80  per  cent.  Some  range  up  to  and  even  06  per  eent.  of  eaibonata 
of  lime. 

The  .canJs  of  the  central  nrea  include  as  anile  a  high  percentap«>  of  heaw 
minerals,  but  Ter>  little  is  found  in  the  more  calcareous  ^nmples.  In  the  i^'oramim- 
fern  sands  Heteioste^ina  is  exceedingly  abundant.  It  is  aecompanied  by  simple 
corals  sucli  as  Heteropsammia,  1  Vdv/.on,  Pteropods,  the  spat  of  youn^  Oysters,  Kchino- 
cyamup,  Xullipores,  n  red  branchintr  Foramiuifera  like  Polytrema,  and  Diatoms. 

On  the  weat  couht,  south  of  Ghiiaw,  at  fathoms,  the  dredge  brought  up 
enormons  qnantities  of  Nnlliporea  of  a  white  or  grey  idi  ecianr.  These  ware  moally 
globular  in  form  and  ranged  up  to  2  inches  in  diameter.  On  breaking,  the  interior 
was  in  many  cases  re<l  in  colour.  Sections  of  these  showed  fresh  growth  of  the 
plant  on  the  outer  margin  and  broken-down  tissue  in  the  interior.  Imbedded  in 
the  plant  straeture  weie  nvmerooe  asnd  gfrains  consisting  of  qnarta,  ganet,  tour- 
mahne,  and  magnetite.  While  these  inclusions  mostly  occur  in  lines  tliey  show 
no  gfiection  of  grains  into  sizes.    They  liave  probably  been  inclosed  by  irregular 

frowth  on  the  part  of  the  Nullipore,  and  some  may  have  filled  the  crypts  formed 
J  Lithodomns  boringa.  The  brsakiog  up  of  the  tissoes  and  oiidation  of  th»  Uk^ 
ruginous  grains  account  for  the  red  staining  of  the  iuterior. 

One  or  two  point  may  be  mentioned  regarding  the  deposits  as  a  whole : 
1.  Some,  such  as  m  (Jalle  I3av  and  Palk  Bay,  are  evidently  very  old.  They  ie> 
present  the  rcoaidns  of  a  Iknna  wliers  solntion  and  dhemiMl  changes  have  been  at 
work.  The  shells  left  are  mostly  composed  of  calcite,  not  arsgonite,  and  chemical 
annly^ifi  fhowB  that  many  of  the  shells  have  become  partially  conTerted  into  pboa* 
phate  of  lime. 

3.  In  all  the  cases  where  8po  nges  like  Oliona  have  bored  into  sheik  tbey  an 

calcite,  not  iiriigoiiite.  It  would  not  ]>•'  Mife  to  aasert  that CQionansTcr  bores  into 
aragonite,  hut  it  certainly  holds  good  in  those  i^ecimeoB  I  havB  eKamiBed  both 
from  the  Indian  Ocean  and  other  places. 

8.  The  inorganic  minerals  which  are  foond  in  all  the  deponta  each  as  quartz, 
l^amet,  kyanite.  &c.,  are  stable,  and  resist  dissolving  agents.  The  fact  that  other 
l,w>  resi.<«tant  minerals  are  found  in  casts  of  shells  leadn  to  theOODClusioa  that  theas 
may  have  been,  removed  since  the  sands  were  laid  down. 

4.  In  drifted  dqiosits  a  relation  exists  between  the  rite  or  wdgbt  of  the  inar> 
ganic  and  oTgaiUe  constituents.  Where  large  shell  fragments  aie  found  laige 
min»'rnl«  also  occur.  This  fact  might  be  useful  in  drtennining  cases  wheie  other 
evidence  of  drifting  is  not  conclusive. 

My  thanks  are  due  to  Pn^eseor  Hieidman,who  has  helped  mein  thedetennina> 
tion  of  some  forms,  and  to  Mr.  C.  C.  Moore,  F.I.O.|  for  the  care  he  baa  takan  in 
analysing  the  deposits.   

6.  Notice  of  a  hiOierto  uvreror<l>  d  Element  in  the  OccipiUd  Bone  of  Seals. 

By  Professor  Cleland,  F.JLS, 

I  have  long  been  aware  of  the  bony  element  which  I  now  show  in  the  skull 
of  a  young  hooded  seal,  Stemmatopua  cristattu.  It  corresponds  exactly  witii  the 
paroccipital  of  Owen  in  osseous  flahee.  It  articulates  behind  with  the  broadest 
part  of  the  sunraoccipital,  in  front  with  tin*  maftoid,  above  with  th.'  parietal, 
and  below  witli  the  lateral  element  of  the  occipital  bone  called  exoccipital  by 
Owen.  I  have  not  hitherto  'called  attention  to  it  because  I  waited  till  I  could 
find  out  if  it  o^enned  in  seals  general!;^.  Sir  William  Tunifir  haa  given  na  the 
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opportunitj  of  inTestigating  this  point,  and  in  specimens  in  iiis  ponession  I  have 
aloDj^  with  him  seen  the  element  in  question  diistinct  in  Pkoca  barbatOt  P.  ffreet^ 
hmtUemt  P.  pUmlina,  P.  ki$pidat  and  SaHel^tnu  grypu$ ;  alao  In  Oiaria  jubata 
and  ArttoBKfhalus  ta-sinu*.  In  a  youncr  walnu  I  can  make  oat  the  exact  extent 
of  the  corrvj'pondinpf  portion  of  bone,  but  in  my  sperimen  no  indication  is  afFordod 
of  separate  oesihc&tion.  I  attach  groat  importance  to  this  osseous  element  in  the 
aeals,  aa  it  adda  a  very  important  argument  in  additkn  to  the  odier  evideneae  that 
the  paroccipital  of  the  iish  is  a  true  occiintal  element,  and  that  the  mastoid 
recognised  by  Cuvier  and  Owen  in  the  fish  is  homolo(]roui  with  the  maatcwd  of  the 
mammal,  and  that  in  these  matters  Huxley  was  in  error. 


7.  On  Me  Mabits  of  the  Predaceoua  Fliu  qfihs  FamUy  o/AtUidm, 


8,  Tkt  Dtwdepment  of  the  Common  Sea-urchin  (EchinQfl  ewmkntlis). 
JBy  ProfoBsor  £.  W.  MacBaidb,  D,Sc, 

The  paper  concerned  the  results  of  an  investigation  which  had  Leon  carried  on 
for  the  last  four  years.  The  dilUculty  of  rearing  tlie  larva3  was  tirst  ])ointed  out, 
and  the  fact  that  much  work  had  been  done  on  these  larvte  by  zuologists  who 
were  apparently  ignorant  of  the  conditions  necessary  for  their  healthy  existence. 
Each  larva  w  hen  it  had  attained  the  isize  of  a  pin's  head  required  for  its  healthy 
e.vi.^tence  at  least  a  pint  of  water  changed  frequently-  The  precautions  necessary 
for  the  liuccefitfful  rearing  of  these  larvffi  womd  probably  lead  to  good  results  if 
applied  to  cultuiee  of  larvs  betooging  to  lobetem  and  ouier  animala  of  eeonoaie 
importance. 

The  primarv  body-cavity,  or  blastocoele,  was  shown  to  contain  a  thick  solution 
of  proteid  matter,  which  became  thinned  as  development  proceeded ;  and  as  this 
development  eonriafced  largely  of  prooeaaee  of  iidblding  of  the  wall  of  the  (qphntical 
veglcle  of  which  the  larva  at  first  consisted,  the  thinninir  of  the  solutkm  might 
bring  about  a  reduction  in  pressure  which  rMndercd  the  infolding  possible. 

I'he  secondary  body-cavity  exhibited  a  division  into  three  metameres  on  each 
aide,  and  there  waa  a  larval  brain  at  the  extreme  front  apex,  both  of  whieh  ftaturee 
recalled  strongly  the  Tornaria  larva  of  Belanoglossus. 

The  development  consisted  of  an  enlargement  nf  the  middle  division  of  the 
secondary  body-cavity  on  the  left  side  and  of  the  tloor  of  an  ectodermic  pit  which 
had  eome  in  eonlaet  with  it,  from  vrhieh  tiie  nerve-ring  of  the  adnlt  waa  ftmued. 
This  floor  became  covered  with  a  false  floor,  due  to  the  union  of  five  intcrradlal 
ridges,  from  which  the  ventral  surface  of  the  adult  was  f(irmed.  Aristotle's 
lantern,  the  masticatory  apparatus,  was  formed  from  hve  pockets  of  the  moet 
poaieritr  difiaion  of  the  ooNom,  and  waa  homologona  with  the  perihinnal  ring  of 
asterids. 

The  young  sea-urchin  after  metamorphosis  went  through  a  stiige  which  mipht 
be  described  as  the  asterid  stage.  The  blood  system  waa  a  remnant  of  the  primary 
body-cavity  adjacent  to  tim  ga^  and  inflUiatea  with  the  prodocta  of  Ageatton. 


9.  The  Melatwuahipst  of  th'  Larva  to  the  Adult  in  the  Stairfieh, 

By  Dr.  A.  T.  Mastermaic. 


10.  On  the  Caute  of  JSahnon  JHaeaee,  By  J.  Huns  Patxabson.^ 

The  previous  investigaUona  on  aalmon  dieeann  have  gone  to  prove  that  it  is 
oaoaed  bj  the  Aingua  Stg^roUgnia  ftraT,    Moat  of  the  investigational  however, 
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were  carried  out  before  or  in  the  oarlier  days  of  bacteriolo^,  and  thia  perlaip« 
accounts  fur  the  poMibility  of  a  uriiuarj  bacturial  infection  being  OTerlooked. 

In  1886 O. lumy publiihed  a  paper  in  the  'Journal  of  Bolany'iB wUch 
he  appeared  to  pive  conclusive  evidencr  that  Saproleg^ia  v:&s  the  true  cause  of 
the  disease,  by  big  experiments  on  li\  iUh  with  Saprolepnia  taken  from  diseased 
salmon  and  grown  on  dead  flies.  By  rubbing  the  fish  with  Saprolegnia  thus  grown 
he  waa  able  to  produce  the  ^prowth  of  Saprol^i*  on  a  niiaiMr  of  the  flah,  wlueh 
ovpntually  died.  At  first  Mpht  such  experiments  appear  to  h*' pretty  strnnfr  proof ; 
but  when  ue  take  into  consideration  that  Murray  in  his  e.xperiineuts  waj^  not 
working  with  a  pure,  but  a  mixed  growth,  which  might  have  contained  numerous 
bteteria  aa  well  aa  the  fangua,  it  eannot  be  uid  that  aiieh  eiperiments  pfoved 
fiaprohyiiia  to  be  the  cause  of  the  diseaf»e. 

"NViiat  has  always  struck  me  as  peculiar  was  that  such  n  fungus  as  Saprolegnia 
fercu'f  which  grows  so  nrofusely  on  dead  tissue,  should  grow  so  readily  un  live 
fiatne  and  eaoae  eo  mud  dama^,  and  I  have  alwaya  been  ineUiMd  to  think  there 
miprht  bo  some  primary  bacterial  infection  to  cause  the  dead  tisfiue  on  which  the 
Saprolegnia  developed.  This  view  wa^i  further  supported  on  three  diseased  salmon 
being  received  fur  examination  at  the  sanitary  chambers,  for,  on  culture.^  in 
flfdatlno  heing  made  frcMn  them  almost  pore  growths  of  a  very  rapidly  liquefying 
bacillus  were  obtained. 

I  then  resolved  to  thoroughly  investigate  the  cause  of  the  disease. 

Pure  cultures  of  the  liouefying  baciilus  and  Saprolegnia  were  obtained  from 
diaeaiod  salmon.  Great  difSemty  was  experieoosd  in  obtaining  pure  cultnrss  of 
the  fungus,  aa  the  mycelium  woa  always  covered  with  numerous  bacteria,  and  it 
was  only  after  numerous  cultures  had  ]M^*»n  made  that  a  pure  growth  waa 
obtained.  The  fungus  was  grown  in  flasks  containing  liver  and  water,  both 
Sterile.  This  medlvm  was  fonnd  most  snitable  for  obtaining  tpon  fbtmation. 

From  the  results  of  the  nimeroas  experiments  osnied  out  with  these  purs 
cultures  it  may  bo  deduced  : 

(1)  That  Saprolegnia  ferax  w  not  the  cause  of  salmon  disease,  as  twenty-seven 
fish  of  diJierent  kinds  (rainbow  trout,  dace,  river  trout,  sea  trout,  and  gold-6sb) 
inoculated  with  and  kept  in  direct  contact  with  pure  spore-be&rmg  cultures  of  the 
fungus  in  avety  cose  remained  quite  healthy,  while  there  wm  a  profuse  growth 

in  ench  case  on  the  boiled  sheep's  liver  with  which  the  fish  were  fed,  in  some 
ca^es  almost  completely  filling,'  thu  jars,  showing  that  the  fish  had  eveiy  opportii- 
uity  of  becoming  iufected  with  the  fungus. 

(2)  That  salrnon  disease  ia  caused  the  liqttifyktf  hacilltts  {Baeilhis  SalnimU 
pestis),  as  the  hncillus  was  found  present  in  almost  pure  cultures;  in  all  the  eiglit 
diseased  snlnion  examined  as  well  as  the  infect+nl  fish  ;  while  experiments  showed 
the  absence  of  the  bacillus  from  ordinary  dead  tii^h.  Five  fiish  of  dillereni  kinds 
inoculated  with  pure  cultures  of  the  organism  all  died  without  ahowinff  any 
f^TOwth  of  the  fun^'ii'^.  On  the  other  hand,  six  fish  inoculated  with  pur©  cultures 
of  the  bacillus  +  Saprolegnia  all  died  showing  growths  of"  the  fun  jun.  Aijain,  ten 
fish  inoculated  with  the  fungus  -f  other  micro-organisms  found  iu  diseased  salmon 
remained  quite  healthy. 

Further  proof  was  also  obtaim  1  frMin  the  cut  sections  of  the  fish  examined 
microscopically,  where  the  bacillus  waa  seen  in  largo  numbers  invadiiij.'  the 
healthy  tissue,  while  the  fungus,  when  present,  was  only  observed  on  the  superficial 
necrosed  parts. 

Tlio  mode  of  infection  appears  to  be  that  the  bacilli  gain  entrance  to  the 
softer  tissues  of  the  fkin  by  a  wound  on  the  healthy  fish  or  by  a  degenerated 
mucus  gland  on  the  sickly  fiah,  and  passing  along  underneath  the  skin  cuts  it  off 
lh»m  nutrition ;  the  shin  thus  cut  off  heeomes  degenerated  and  fbrms  a  soitafala 
nidus  for  the  growth  of  the  fungus. 

(3)  Salmon  disease  is  not  contracted  when  the  skin  of  the  fish  is  in  a  healthy 
state f  as  two  fish  not  scratched  in  any  way  and  placed  iu  jars  of  water  containing 
pure  cultoree  of  the  organism  and  Saprolegnia  remained  sJiTe  and  healthy ;  wbBe 
on  the  other  hand  a  fish  placed  in  a  jar  of  water  containing  the  organism  -f  Sa]^ro- 
|e^;mii,  mth  a  Isjer  of  mij  powdered  sapd  at  the  bottom*  in  a  vexy  short  time 
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oonlnfllid  ikb  diMase  and  died,  showing  liow  Mailj  ths  akiii  nny  1)e  imipaMd  for 

the  reception  and  invasion  of  tlio  or^rnnism. 

The  cold  season  (^October  to  lebruary)  is  more  favourable  to  thu  growth  of 
tin  buetUiia,  as  it  hu  lieeii  shown  to  be  dettioyed  at  a  modoiato  tsakporatitM 
{87*  C.)  and  on  the  other  hand  to  glow  loofbauj  when  plaeed  for  a  week  in  n 

neezing  mixture  of  ice  and  salt. 

The  experiments  have  also  shown  that  hsh  akin  to  salmon  nre  much  more 
anaeeptiUe  to  the  disease  than  others,  as  lalnbow  trouti  rim  trout,  and  sea  trout 
when  attacked  succumbed  in  from  two  to  foor  days,  while  daoe  and  gold*llah  died 

in  about  eighteen  days  and  thirty-five  days  respectively. 

That  dead  fish,  whetbt  i  disoa^d  or  not,  are  a  suitable  medium  for  the  growth 
of  the  organism  and  propagation  of  the  disease  has  been  shown  by  the  transmission 
of  the  organism  from  diseased  fish  to  healthy  dead  iish  in  the  same  water,  and 
also  from  the  dead  Iish  to  the  living,  and  I  would  stronf^ly  urge  that  all  dead  fish 
and  animal  matter  should,  immediately  it  is  observed,  be  removed  from  the  river 
and  burned,  not  buriedf  as  by  burying  the  organism  is  left  in  a  condition  to  he 
again  carried  into  the  atieam. 

The  chief  characteristics  of  the  bacillus  are  these : — 

A  short  thick  bacillus  with  rounded  ends  and  actively  motile. 
Kon*epore-beanng* 

Grows  profusely  at  the  room  temperature. 

Grows  profusely  when  exposed  to  0°  0.  for  a  week. 

Shows  little  or  no  growth  at  37°  C. 

Is  hilled  at  87®  C.  hi  about  Biz  daye.  ^ 

Liquefies  gelatine  with  extreme  rapidity. 

Coagulates  and  digejit^  milk. 

Grows  well  in  sea-water. 

Forma  a  dbudineee  in  glucose  agar  in  the  neighbourhood  of  tlie  growth. 

Strict  aerobe. 

Involution  fonno,  only  obferve<l  on  glacose  media. 
Doe«i  not  Ht&in  by  Gram's  method. 
Pathogenic  to  fleh. 

Non-pathogenio  to  iroga,  mieOf  and  goinea^plga. 


SATUUDA  F,  SKPIKMUEJI  18. 
The  Section  did  not  meet. 


MONBA  r,  SSPTEMBSB  16. 

The  following  Papers  were  read  : — 

!•  The  Segmentation  and  Early  Developmental  Stages  of  the  Australian 
Native  Cat  (Dasynroa).  £y  Profeasor  G.  B.  Howes,  F,£JS, 


2.  J?eeMi< /flfeivroarifit^  .ffasperi^ 

i?y  Professor  J.  C.  £wabt,  F.B,S. 


3.  Flotoer-like  Jiwect8  from  the  Malay  Peninsula^ 
By  iS  iswuN  Annandale. 
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4.  On  Proi&etim  Betemblance  in  the  Malai^  PmimuUL, 

By  H.  0.  BoBomoir. 


5.  Profesijor  E.  B.  Poulton,  F.Jt,S,,  exhibited :~ (I)  Lantern  Illu^trck- 
twn»  qf  BriHth  InsecU  in  their  natural  aUUudes.  (2)  Three-colour 
Lantern  SUdes  of  Mimiery,  Froteetine  Semrnbtanc^^  Seasonal  JWmm 
of  BuUerflieef  and  ojmud  a  (^i.^  vigsion  on  '  Tha  InUrpretatUm  ^ 
ewik  Fhenomena  by  th&  Theofy  of  Natural  Seleetitm.' 


6.  Examples  qf  Australian  Fauna.    By  Thomas  Steel,  F.L.S, 

Mr.  Steel  exhibit<»(l  and  <lo«f>ribe(l  n  roUcction  illustrative  of  Aastrallaa 
toolocy.  It  included  a  series  of  the  Australian  and  South  African  Peripatme, 
He  snowed  an  extonaive  aeriea  of  land  plaoariaaa,  having  eqit^ial  referanee  to 
the  variation  in  shupe,  coloration,  and       amongst  the  dinerent  species. 

A  complete  series  of  embryos  of  Dasyurus  wjis  also  shown,  niifl  amonir  the 
Other  interesting  objectsi  were  the  mole-mars upi a i  Notorocyie*  tuphlojta  aud  the 
honey  ant,  Camponottts  inflatus,  both  from  Central  Auetealja,  »e  ant  ehowing 
the  condition  of  distention  with  honey  under  which  the  al>dottien  beoomM  eo 
inflated  that  the  segments  appear  like  platea  attached  to  a  halioon-like  body. 


7.  Notee  on  a  Specivten  qfthe  Pilot  IVHale  (Globiocophalna  umIm). 
By  Professor  R.  J.  ANDiRflOK,  M.D, 

This  whalSf  wliich  has  been  examined  by  80  many  observers,  is  varioualj 
(It'scribed  as  regards  dentition  and  colour.  Murie  in  his  clasnic  ti<rure  gives  the 
prominent  head  as  behind  the  level  of  the  anterior  part  of  the  muzzle.  An 
cxanmle  of  this  creature  drifted  aahore  at  lioshill,  not  far  from  the  Bound  Tower, 
Oo.  Qalway.  The  cause  of  the  isolation  became  appazeot  on  examination  of  the 
carcass.  An  harpoon  wound  was  seen  near  the  tail  root:  this  reached  down  to 
the  spinal  column.  The  animal  escaped  after  being  wounded  and  alter  a  period 
of  wandering  reached  the  west  of  Ireland  and  Galway  Bay.  The  auimal  remained 
warm  forty-eight  houn  after  death.  The  length  was  20  feet  6  ioohes.  The 
flippers  are  not  so  small  proportionally  as  were  those  of  some  large  specimen  ^ 
described.  The  dorsal  lin  is  of  tht*  usual  kind.  The  very  prominent  frontal 
convexity  reaches  farther  forwards  thuu  the  muzzle,  «o  that  the  mouth  is  below 
a  slight  concaTity  overhung  by  a  great  convexity. 

The  colour  was  whitish  grey  or  dirty  white.  The  leading  whale  has  been 
described  as  very  dark  in  colour  and  a  whoK-  school  as  creaui-c«>lourt'd.  The 
presence  of  a  hn  distinguishes  tliis  animal  from  Jieluga.  A  thin  pelUclo  ocpurated 
soon  from  the  rest  of  the  epidermisi  which  was  ouite  Ubck  beneath. 

Teeth  twenty-eighty  seven  on  each  aide,  above,  and  below.  Although  this 

number  seems  laige  and  unusua],  Mr.  Beddaid  fizee  the  limit  at  forty  7^!^< 

The  peritoneom  was  expected  to  present  some  featiuee  of  intefeet  The  great 
omentum  reached  fiur  back,  containing  the  small  peritoneal  cavity  which  com- 
municates by  a  foramen  of  Winslow  with  the  large  peritoneal  cavity.  The 
foramen  of  VVinslow  will  admit  the  closed  list.  A  Qlobiooephalus  examined  by 
myself  some  years  ago  showed  no  evident  foramen  of  Window.  It  is  evident 
that  a  weighty  peritoneal  fold  strengthened  by  a  weighty  blood-vessel  or  tube 
might  promote  the  formation  of  a  foramen  or  even  to  tlie  freeing  of  the  tube,SS 
happens  in  some  animals.  Itathke  noted  the  early  absence  of  a  mesentery  in 
some  fishes,  even  at  a  very  early  age.  Hie  origin  cf  the  small  sac  was  bhown  by 
J.  Miiller  to  be  connected  with' the  enlaigement  and  turning  over  of  the  stomach. 
It  is  possible  that  frietion  Mid  the  atxoog  vascular  coida  may  aid  in  poduoiQ(f  thjs 
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MeaUo.  Professor  RobinsoQ  of  Chicago  his  sug^stpd  that  fluid  preonrais  a 
powerful  aid  to  friction  in  produciDg  boxNB.  mth  this  view  his  eTideooB  will 
induce  moet  people  to  concur. 


8.  2%6  Connection  of  Uie  Anterior  Inferior  AncjJe  of  the  Parietal  £om 
in  Primates.    By  Professor  R.  J.  Andkkhon,  M.D. 

The  extension  of  the  parietal  lx)no  hos  evidently  .«o  important  a  hearing  on  the 
development  of  the  brain  that  its  dimensiuuii  are  regarded  as  important  aids  in 
estimating  the  grade  of  the  aaimsl.  The  breadth  of  the  booe  eompaied  with  the 
length  becomes  also  remarlvahle  in  the  higher  types. 

Notice  the  antero-poaterior  diameter  in  Strix,  which  is  to  the  lateral  as  9  :  10. 
The  frontal  is  scarcely  involved  in  this  broadening  in  proportion  to  its  breadth. 
The  length  to  the  breadth  is  85 : 10.  Bot  this  saperfloal  iiienMise»  ss  m  Gallua, 
if  taken  as  an  index  of  brain  growth,  is  delusive,  for  the  thickness  of  the  bone  is 
considerable.  The  parietal  in  a  young  ostrich  is  almost  as  thick  as  it  h  I'^n^', 
and  gives  a  thickness  of  12  mm.  to  a  length  of  14  mm.  The  length  uf  the  biaiu 
oavity  Is  18  mm.  In  fishes  the  diserspsneies  are  of  conrse  fhrtner  increassd  by 
the  accumulation  of  excessive  growth  of  the  skull  and  the  fluid  which  rcuots,  s  i 
th;it  tlie  skull  oeoses  to  he  an  index  of  the  brain  inflation.  It  is  evident  that  in 
tiia  highest  types  the  occipital  and  frontal  supplement  the  parietal  uiticiently. 
The  intsrpanetil  itself  is  po^MM  an  oceijiital  element  (BCeckel).  The  parietal  is 
4-2  cm.  in  Capybara  compared  length  of  cavity  of  9*5.    The  side  con- 

nections of  the  parietal  become  of  great  moment  in  tlie  highest  groups.  Sphe- 
noidal alffi  and  squamosal  aid  the  parietal  to  a  varying  d^ree.  It  is  of 
importance  of  oonrse  to  bear  in  mind  the  various  ftmctions  allocated  to  sphenoidal, 
temporal,  and  even  frontal  before  the  parietal  has  yet  joined  them.   So  that 

Sro^ss  of  osfflfication  is  apt  to  be  afl"ecied  (liflereTitly  in  diflerent  groups  and  in 
ifierent  members  of  the  same  group.  The  portions  of  the  parietal  and  temporal 
eoveied  hj  the  tempartUu  have  evidently  a  foiee  that  tends  to  bring  these  bones 
into  muSMly  but  in  its  early  associations  the  squamous  is  materially  diflerent. 
The  aire  of  the  sphenoid  are  even  less  concerned,  and  the  diversion  of  ossific 
material  appears  to  take  place  with  greater  facility,  and  in  the  lines  of  suture 
of  the  imnetal  remain  long  incomplete,  especially  at  the  angles.  It  is,  however, 
feOArkable  that  the  lines  of  suture  am  not  more  variable  in  position  than  they 
are.  A  slight  modification  in  position  may  perhaps  not  be  reprnrded  as  of  preat 
significance.  But  any  variation  that  leads  to  an  alteration  m  the  articulation  of 
the  anterior  InliBiior  angles  of  the  perietals  must  be  of  importeooe.  Tsldng  a  few 
•zamnlas:— 

The  Kangnioo,  Dugong,  Leo,  Ursos  polaris,  Hv»na,  Canis,  Cystophom,  Felis 
catufl,  Qalago,  Lemur,  Mycetes,  debus,  ritheeia,  Hapale,  Gorilla  (P),Orang,  Man, 
Macacus  rhesus  (."omo),  Semnnpithecus  entellns  (some),  Jlylobates  hninnntis,  all 
have  a  parieto-spheooidal  articulation.  The  articulation  varies  in  length  \  in  a 
Mycetes  it  was  }  inch. 


The  following,  vis.,  Orang  (P),  Hylohates  miinerii  Homo  (occasional)!  Semno- 

pithecus  obscurus  and  entellns  (some),  Macacus  cynomolgns  (eome)i  Maoacus 
rhesus  (some),  have  not  paneto-pphenoidal  auturo«. 

The  following,  Loris  gracilis,  i^emnopithecus  ieucoprymnus,  Gorilla  (P),  have 
a  paneto<sphen€idel  sutqie  which  ie  not  well  marked  aad  is  lometiiaee  rednoed  to 
ftpointi 
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The  temporal  touches  tbe  jugal  in  Iljlobatcs  mtilleri,  and  that  sbuta  off  tbi 
parietal,  which  also  touches  the  jugals  from  the  mhenoid. 

The  Mme  arraofpement  almost  takes  place  in  Tarsius  Bpectrum. 

The  Cvnomolguj?,  mentioned  above  as  not  having  a  perieto-sphenoidal  suture, 
has  two  small  Wormian  bones  in  the  naso-frontal  fissure.  In  tbe  Homo  aboTe 
alluded  to  the  tempore- frontal  suture  is  "20  mm.  long,  and  the  sphcnoido-frdntal 
11  nt  rn.   There  are  AVormian  bones  in  tbe  lambdoidu  suture. 

There  are  Worminii  liom  s  in  the  naso-frontal  suture  of  the  leucopijnKDua 
referred  to  above,  where  tbe  iiremaxillary  bones  almost  reach  the  frontals. 

The  parietal  and  sphenoid  touch  the  jugal  in  Ilapale  jacchus  and  some  other 
American  monkeys. 

This  arranfreincut  arises  from  the  fDiward  (  \tf»ii.siDu  of  tlio  parietal,  excliidinjr 
the  frontal  from  tlu*  gplH'iioid.  and  then  the  lorward  ('xtenaionof  the  temporal 
may  I'Aclude  bulb  Irunlai  aud  jiurietal  from  the  sphenoid. 


9t  Iiotea  on  thf  Habits  of  the  Onnj  hididcf  {Poh/cJi(Pia)  and  on  the  Interned 
Struetureif  v  ith  whicJk  they  Fwixjy  titsir  Uwrm,  By  A&kold  T. 
Watson,  F.L.S. 

The  Onupbididne  are  closely  allied  to  the  Eunicidie,  from  which  they  are  dis- 
tinguished, amongfiit  other  things,  by  their  always  dwelling  in  deep  water,  whilst 
tbe  Enniddss  are  often  found  between  tide-marks. 

Observation  of  the  British  forms,  Hyaliwteia  tubieola  and  Onuphts  conchHtfrnf 
while  living  in  captivity,  slmwa  them  to  be  errant  worms,  moving  from  place  to 
place  and  carrying  their  tubes  with  them.  These  tubes  are  open  at  both  ends, 
but  the  animal  protects  itself  from  the  attack  of  enemies  by  couhtructiog  within, 
at  either  end,  membranous  valves,  on  the  principle  of  the  valves  in  a  vein,  the 
open  ends  of  the  pocke  ts  of  which  are  directed  outwards,  so  that  by  inrush  of  ths 
sea-water  the  valves  are  automatically  closed  on  retreat  of  the  inmate. 

In  the  quill-like,  chitinous,  transparent  tube  oi  HyaUnacia  the  valves  existing, 
or  which  have  eidsted,  are  indicated  by  the  omameatal  V-abaped  or  tigwiag^ 
markings. 

The  valves  of  Onup/iiM  conchilega  are  much  more  delicate  in  structure, 
but  nevertheless  are  distinctly  demonstrable  in  the  internal  membranous  tube,  on 
removing  with  a  weak  acid  the  shelly  covering  which  tons  tbe  scahbard-lihs 
sheath. 

Very  perfect  valves  of  tbn  kind  dejicribed  were  also  found  in  the  ttibe  of 
Nothria  pi/cnudranchiata ,  obtaiued  by  tbe  '  Cbulleiiger '  Expedition  from  a  depth  of 
2,225  fathoms. 

The  babit.s  of  animals  living  at  so  frreat  a  depth  can,  of  course,  only  con- 
jectured, but  tbi're  is  reason  to  think  that,  like  the  British  species,  tlieee  members 
of  the  family  may  be  errant  worms. 

The  paper  was  iUiistrated  with  lantern  elides,  and  will  he  published  m  full  bgr 
the  Liverpool  Biological  Socie^. 


10.  On  an  Aeceloui  TurMlarian  inhahUing  the  common  ffeart  Urchin, 

B.  T.  LupSB. 

Tbe  torbeUarisn  described  in  this  paper  was  found  hjr  ma  in  the  acceswty 
canal  cS  about  8  per  cent  of  the  spedmens  of  Eckmoeardium  cordaium 
occurring  at  Millport,  N.B.,  several  esampbsa  being  usually  present  in  the  same 
host. 

It  is  whitish  and  modsrstely  traaslueent  in  afpeaiance,  leaf-liha  in  shape, 
obovate  when  contracted,  lanceolate  when  extended,  the  blunt  end  being  anterior. 
When  fully  extended  it  menBures  in  Ipngth  2*6  mm. ;  in  bresdtb,  tmmvMsely, 

0'6  mm. ;  dorsiventrally,  0*2  mm. 

The  microscopical  structure  is  described  in  some  detail,  an  interesting  and 
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duitacteristic  feature  being  the  presence  of  a  largo  digestive  Tacuole  occupying 
the  anterior  middle  fourtU  of  the  bodj,  and  lying  above  but  not  in  imoiddiato 
cuutiauity  with  the  mouth. 

No  Ta^ois  or  qpennotheca  is  present,  the  ova  being  extruded  by  the  rupture  of 
the  cuticle  at  a  short  dietence  in  ixont  o£  the  penis  owing  to  an  ever-increMing 
growth  pressure. 

Ill  aume  points  this  turbellarian  resembles  Biihmigia  ;  it  posBesset,  ]iowem»  no 
iSsmale  accessoria ;  a  similar  abeenoe  dbtains  in  the  nnus  Mt^fhdiiteiu,  from  which 
also  it  diffinrs  in  the  foUowiimr  not  onimportant  detaus: — 

(1)  Shape. 

(2)  Parasitic  habitat. 

(3)  Mouth  situated  in  the  anterior  fourth. 

(4)  Paired  testes  in  the  lateral  parts  of  the  body. 

(6)  No  defined  vasa  deferentia. 

(G)  Peni.^  with  chitinons  kno1>-liko  nrmature. 

(7)  PrestMico  of  a  large  doraal  vacuole 

Attention  is  drawn  to  the  present  clas.^ification  of  the  Acacia.  It  is  suggested 
that  the  family  rroporidcc,  comprising  all  ^Vccula  with  one  genital  opening,  bo 
anbdivided  into,  two  snb-fomiliee. 

(1)  Proporince,  including  the  genera  (a)  Proporus,  (b)  Monoporua,  (c)  liohmiffiaf 
t.e.,  those  AcGsla  with  a  common  genital  atrium. 

(2)  Avai/tninrr,  consisting  nf  (a)  Jfaploduetu  and  (6)  the  geuus  presently 
described^  these  having  male  occessoria  only. 


TUESDAY,  8SPTSMSER  16. 

The  following  Papen  were  read : — 

1.  Sonui  Remarks  on  the  AtlarUis  Problem.    By  R.  F.  Scuarff,  Ph,D, 

Since  the  dawn  of  early  history  the  quf^stioii  of  the  existence  of  a  continent 
beyond  the  *  pillars  of  Hercules '  has  occupied  the  mind  of  man.  Our  very  earliest 
records  of  this  mythical  land  were  derived  from  a  narrative  which  has  beeu 
handed  down  to  us  hj  PUto.  According  to  it,  Solon  is  said  to  have  visited  Sais 
in  Kprypt,  and  there  to  have  heurd  from  priests  of  tlio  ancient  *  Empire  of 
Atlantis '  and  of  its  overthrow  by  a  convulsion  of  Nature.  This  Atlantis  was 
then  spoken  of  as  a  vast  laud  lying  beyond  what  we  now  call  the  Straits  of 
Gibraltar,  and  it  is  supposed  to  have  been  inhabited  by  a  mighty  race  of  people. 
Plato's  story  has  called  forth  quite  a  flood  of  litem  ture,  not  only  in  ancient  times; 
even  within  the  liust  score  of  years  many  pamphlets  and  books  have  been  pub- 
lished dealing  with  this  attractive  problem.  Some  authors  have  sought  to 
discredit  the  veracity  of  Plato's  asBorUona,  while  several,  and  among  them 
1  l  irnh  fldt  and  Sir  Daniel  Wibnn,  were  df  opinion  that  the  tale  rests  on  some 
historic  basis.  Others  again  have  utilised  the  original  story  and  connected  it  with 
their  own  ideas  of  a  land-bridge  stretching  right  across  the  Atlantic  from  Europe 
to  America. 

The  Atlantis  problem,  however,  was  only  raised  to  scientific  importance  when 
modern  research  revealed  the  fact  that  the  livinn-  as  well  as  the  extinct  flora  and 
fauua  of  Europe  have  quite  a  number  of  types  iu  common  with  North  America. 
Unger  was  the  first  to  put  forward  the  view,  from  a  purely  scientific  reasoning, 
that  the  Atlantic  Islands,  that  is  to  say,  the  Azores,  3iadeira,  and  Canary  Islands, 
formed  part  of  a  land-connection  which  stretched  right  across  the  Atlantic  and 
still  preserved  some  of  the  plants  which  invaded  our  Continent  from  the  New 
WoruL  Hear  hailed  this  hypothesis  with  delight,  while  Andrew  Murray  adoptod 
it  in  a  somewhat  modified  form.  Edward  Forbes  also  occupied  his  fertile  mind 
with  the  piobleuii  but  could  not  oouviaoo  himself  that  the  Tast  land  which 
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had  evidently  oncupiod  ft  portion  of  the  Atlantic  had  anv  connection  with 
America.  Wolla>ton,  too,  who  had  a  most  intimn'^**  kni i\vle<lcr'^  nf  the  Atlantic 
Islands,  strongly  supported  the  view  that  tlieir  lauua  reached  them  acroaa  dry 
Umd. 

Imbued,  how»n  or,  with  the  idea  of  the  permanence  of  the  great  ocean  baaiii% 
Wallace  vitrorously  ntfacked  one  and  all  of  these  theories,  and  contended  th&t 
there  was  not  only  no  coimectioii  between  Europe  and  America  across  the 
Atiantie,  bat  that  the  fkaoAof  the  Atlantic  Idiads  was  deriTad  hom  tha  adjomiag 
continents  of  Europe  and  Africa  by  winds  and  marine  currents.  The  weight  of 
the  arguments  brought  forward  hy  Wallace  silenced  all  critics  for  a  time,  and  the 
iadueuce  of  his  views  is  traceable  in  most  of  the  more  recent  writings  on  the 
Mibjeet  Buty  tinea  some  leading  geologists  have  exftressed  tlurmselves  against 
the  Jtheorj  of  the  permati< nco  of  the  great  ocean  basins,  the  older  views  of  a 
possible  land -connect ion  between  Europe  and  the  Atlantic  Islands,  and  alsi 
oetweeu  Europe  and  America,  are  again  discussed.  1  have  therefore  collected, 
together  a  niunber  of  fiiicts  regarding  the  distribati(m  of  amaials  which  had  not 
hitherto  been  utilised,  in  order  to  make  a  renewed  attempt  from  a  aoologieal  point 
of  vi'Mv  to  solve  the  Atlantis  problem. 

Thu  results  of  my  investigations  tend  to  show  that  Madeira  and  the  Azores 
are  the  remains  of  an  ancient  tertiary  area  of  land  which  was  joined  to  Europe, 
and  that  it  probably  became  disconnected  in  Mioeena  timoa  Since  then  this  land 
once  more  beoanv  united  with  our  continent,  and  may  not  have  been  fioallv 
severed  until  the  rieistoceue  period.  As  regards  the  question  of  a  land-brid^ 
across  the  Atlantic,  many  reasons  can  be  given  in  favour  of  such  a  theory.  It 
most,  however,  have  occupied  a  ])08ition  farther  south  than  the  land  just  idluded 
to.  Tniting  X'^rfh  Africa  with  IJrazil  and  (Ttiiana  in  rnrly  tertiary  times  it 
]irnl)at)ly  subside  d  diirinsj  the  Miocene  period,  lea vinji:  only  u  few  isolated  peaks 
aa  mituidn  in  the  mid^^t  uf  the  vast  ocean  which  has  since  replaced  it. 


2.  Diagram  of  the  Shdl  of  Mastodon  angustidens. 
Dr.  C.  W.  ANDB8W8,  JJ.A.,  FM.iS,,  F.Z.S, 

The  e'p^'oial  interest  of  the  diagram  exhibited  lies  in  the  fact  that  it  corrects 
those '^ligures  of  M,  anguUident  previously  published,  notably  that  by  Professor 
Qaudry,  which  shows  the  tusks  caning  upwiods  like  thoseof  an  ordinary  elephant. 
The  downward  direction  of  the  tusks  in  this  early  proboscidean  is  particularly 
interesting  as  being  a  primitive  character  derived  from  the  early  ancestral  form 
Mwrit/itrium,  lately  discovered  by  the  author  in  Egypt  In  this  it  is  clear  that 
the  tusks  are  merely  an  enlarged  pair  of  second  incisors,  and  there  seems  no 
reason  to  dooht  that  in  Falaomastodout  Moitodonf  and  tna  later  elephaata  the 
npper  tusl<8  are  homologous  with  those  teeth. 

Another  remarkable  character  of  the  early  mastodons  is  the  immenst  U  elon- 
gated mandibular  symphysis,  which  is  prolonged  far  beyond  the  upper  jaw,  and  bears 
a  pair  of  procumbent  incii^ors  which  terminate  in  a  chisel'like  wom  sorfiioe.  Oon* 
siaering  that  they  pmj-  cl  far  in  front  of  the  upper  jaw,and  lie  between  the  widely 
divergent  upper  tusks,  it  is  diiHcult  to  see  what  they  worked  sgainst  unless  it  was 
a  hard  suriace  ou  the  ventral  face  of  the  proboscis. 


Z,  The  £r9akin{j-np  of  Coral  Rock  hy  Organisms  in  Iht  I'nyncs.^ 
Jiy  J.  bTAMLST  Gabdiksb,  M,A, 

Tlie  problem  is  mainly  nf  interest  from  the  bearing  that  it  has  on  the  forma- 
tion of  the  lagoonf  of  atolls  nut  of  fiat  surface  reefs.  There  are  two  classe.^  >t" 
animals — those  which  bore  into  coral  or  coral  rock  and  break  it  down  into  small 

*  A  full  account  of  the  action  of  boring  and  sand'feeding  organisms  will  be 
foond  in  Tkg  Hmmm  und  Geography  of  tke  MMtiv§  0m4  lMmiM9§  Arekipelmgoes, 
OanK  Tbav.  Ftess,  vol  L»  pt  8»  p^  883^1  (Ootdbat  190S>. 
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fingmoDta  tod  stones,  and  the  sand-feedflfSf  wliiflii  ftirlihir  gviad  tittM  np  into  fiat 

sand  and  mud.  Both  thf  !n»  svr'ie^  of  forms  are  extremely  scarce  on  the  outer  slopes 
of  atoU  reefa,  while  tiiej  are  the  most  nbuudant  animals  found  within  the  Ingoona 
^  our  atolls.  Fint  tbe  Ixnuig  alga,  AchyUi,  and  tiie  smnge,  CUona,  penetfato  the 
Uting  corals,  extending  into  every  septum  and  spine.  They  weaken  the  coral,  and 
80  riddle  it  that  it  is  then  easy  for  the  borinir  PnlychfT'ta,  such  as  Poh/dora  and 
£unice,  to  enter.  Following  these  come  various  tiipuuculid  worms,  the  bivalve 
latAodomm  and  the  cirriped  Lithotrya.  A  wave  breaks  off  the  coral  mass,  leaving 
a  bare  sorfaoei  which  more  of  the  boring  aniniuls  at  once  tnko  advantage  of.  The 
fallen  coral  mass  is  broken  down  into  smaller  and  smuller  fragments  by  the  boring 
animals.  Then  the  sand-feeders  come  into  action  and  grind  up  the  coral  fraj^- 
ments  into  sand.  Chief  among  these  may  be  mentioned  the  sea-slugs,  Holothuna 
atra  and  5MejlofNi«  dktaronotWf  which  appear  to  retain  within  ueir  guts  tlie 
coarser  fragmenta  of  the  sand,  whilt^  the  finer  particles  are  swept  out  alonjf  their 
ciliated  grooves.  <  >ther  forms  are  tSipuncnlus,  numerous  sea  urcliinf,  and  Ptt/r/io- 
tUra,  the  mouud-like  casts  of  the  latter  of  which  form  a  most  conspicuous  feature 
of  the  landacape  at  low  spring  tidee.  Mudi  of  the  finer  material  mutt  pass  into 
suspt'Dpion  in  the  water,  and  be  swept  out  of  the  atoll  by  the  tidal  and  oceanic 
current-s,  while  the  smaller  the  sand  grain?  the  preater  the  area  they  present  for 
aolutioo.  It  will  thus  be  clear  what  an  important  bearing  the  study  of  the  boring 
and  MUid-feeding  animals  has  on  the  formation  of  the  lagoons  of  atolia. 


4.  The  Early  Development  of  Muscles  and  Motor  Nervee  in  LepidoBiren, 

By  3.  Grauam  Kbbb. 

Devrhtpmf'nt  nf  f/ir  Mi/of omi'ft. — The  conversion  of  the  inner  wall  of  the 
myotome  into  a  muscle-segment  takes  place  in  Lepidosiren  in  u  manner  closely 
resembling  what  happens  in  AmphioxM  and  Petromyzan.  I  have  been  able  to 
nahe  ont  the  details  of  the  process  fairly  completely. 

In  early  stages  of  development  the  inner  wall  of  the  myotome  consists  of  a 
simple  layer  of  very  luri^-e  epithelial  cells,  columnar  iu  transverse  actions,  but 
really  forming  rectunguhir  parallelepipeds  somewhat  compressed  in  a  dorso-ventral 
direction  and  sloping  inwards  and  downwards.  The  mnsele-fihrBS  appear  as  fine, 
highly  refracting,  rod-like  differentiations  of  the  protoplasm,  running  lonjritudinally 
from  end  to  end  of  the  muf*cle-cell,  and  conspicuous  ny  their  staining  deeply  with 
Heideiihaiu's  iron  baematoxylin.  These  iibres  become  visible  about  stage  20,  and 
they  an  at  fint  as  a  rale  confined  to  die  dorsal  and  ventral  &ees  of  the  cells, 
forming  thus  in  each  cell  two  layers,  a  dorsal  and  a  ventral.  Fibres  also  develop 
between  the  outer  ends  of  these  layers,  so  that  now  the  hbres  in  each  cell  show  a 
Z3-ehaped  arrangement  in  transverse  sections. 

As  devdopment  poceeds  other  fibres  arise  in  the  protojplasm  lying  withu 
the  limbs  of  the  3-shaped  anaogemeiit,  until  the  cell  bodjr  is  to  a  great  extort 
filled  with  the  fibres. 

The  mass  of  contractile  fibres  doee  not  extend  to  the  outer  end  of  the  cell. 
This  is  oocnined  hy  clear  protoplasm  containing  one  or  mors  Iwffe  vacuoles. 
'Whether  these  contained  glycogen  in  the  fresh  condition  I  cannot  say. 

Up  to  stage  ']]  the  outer  wall  of  the  myotome  remains  a  simple  layer  of 
cubical  cells.  About  this  period,  however,  active  multiplication  of  the  cells  takes 
place,  and  In  tnmsvnse  sections  several  layers  of  nncld  are  seen.  In  horisontal 
sections,  also,  numerous  nuclei  are  seen  scattered  through  the  whole  distance 
between  anterior  and  posterior  boundary  of  the  myotome.  Nn  cell  limits  are 
visible,  but  we  may  take  it  possibly  that  the  cell  territory  presided  over  by  each 
nucleus  extends  the  whole  length  of  the  myotome,  for  now  (stage  81  + )  striated 
moscolar  fibrils  begin  to  appear  in  the  protoplasm  between  die  nndei,  stretching 
quite  continuously  the  whole  len^rth  of  the  myotome.  In  somewhat  shnmken 
transverse  sections  each  bundle  ot  fibrils  is  seen  to  be  contained  in  a  sheAth  of 
protoulaion  containing  a  nucleus  at  one  side,  the  whole  forming  a  somewhat 
cj^ainal  'cell'  strHtchiiig  firom  tha  one  myoseptusi  to  the  other.    la  life 
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probably  these  elements  are  prismatic  and  fit  closely  together,  the  cylindrieil 
form  hc'mg  due  to  shrinkage.  The  outer  wall  of  the  myotome  increases  much  in 
thickueesi  becoming  eventually  considerably  thicker  than  the  inner.  About  stage  35 
there  can  be  ditti^^aished  in  the  myomere  two  layers  of  moselfr— derived  from  the 
two  walls  of  the  myotome,  the  inner  and  the  outer,  and  differiog  decidedly  in  their 
characters — the  muscle-celU  of  the  outer  Inyer  beinglonptl.in  cylinders,  as  hasbe^an 
described ;  those  of  the  inner  being,  on  the  other  hand,  hattened  pai&llelepipeds. 
The  boadles  of  fibrils  of  the  outer  layer  are  also  separated  by  more  abvBidaiit 
protoplasm,  with  more  numerous  nuclei.  A  further  difference,  probably  due  to 
the  active  metabolism  involved  in  tho  multiplication  of  the  nuclei  and  the  growth 
of  the  layer  in  ihickiusd,  is  that  the  outer  layer  is  practically  free  finom  jolk* 
granules,  while  the  inner  is  still  richly  provided  vrith  them. 

About  tho  stage  just  mentioQed>  nowever,  die  blodnof  fibrils  of  the  iimer 
series  become  irregular  in  outline,  sn  seen  in  transverse  section,  they  nre  con- 
stricted in  places,  and  finally  separate  completely  into  more  or  less  isodiametric 
masses  resembling  those  of  the  outer  series.  13y  about  stage  30  +  the  whole  of  the 
musele-lmndles  in  the  myomere  have  assumed  the  same  eharaetsr,  i^^  the 
character  at  first  possessed  by  only  the  outer  series. 

The  main  features  of  myotome  development  recorded  above  ore  <>f  especial 
interest  in  regard  to  two  points :  first,  iu  the  close  resemblance  that  the  early 
Stages  bear  to  the  equivalent  phenomena  in  AmpkioxttM  and  P^tron^fwm ;  asoondlyr 
in  the  strikinj:  v>-t\y  in  which  Leptdosirm  nprecs  with  Balfour's  view  in  r^pard  to 
Selachians,  that  the  outer  wall  of  the  my  >tou}e  takes  part  in  muscle  foimationy 
a  view  giveu  up  almost  entirely  by  recent  workers. 

TAe  Ifem^mt/oepithelial  Ceu.^Thm  remains  to  be  mentioned  a  phase  ai  pttt 
morphological  interest,  which  occurs  transiently  in  the  muscle-cells  of  the  mner 
wall  of  the  myotome.  It  has  been  recognised  for  Amphioxw^  and  Pefr»mjjznn 
(lUbly  Hertwig,  Maurer)  that  iu  an  early  stage  of  development  these  muscl&<ellj 
•re  definite  m^roepithdial  cells. 

This  is  similarly  perfectly  clear  in  Lepidotiren ;  but  here  I  have  found  an  ad^ 
tionsl  important  detail — namely,  that  at  least  some  of  the  myoepithelial  cells  are  con- 
tinued at  their  inner  ends  into  toil-like  processes  continuous  with  the  motor-nerve 
trunk.  Each  cell  is,  in  ftct,  neuroepithelial  as  well  as  myoepithslkd  in  dttnetar. 

The  Motor  Nerves. — The  method  of  development  of  the  periiAeral  nenre- 
tninks  is  one  of  the  most  disputed  questions  in  vert»»brnto  moqihology.  Of  the 
various  views  which  have  been  held  ou  this  subject  the  one  which  is  predominant 
at  the  present  day  is  that  associated  with  the  name  of  His— 4iamelyf  that  the 
pwtj^eral  nerve-fiore  is  an  outgrowth  from  the  central  nerve-cell,  that  it  gxowe 
outward  from  this  origin,  and  eventually  becomes  joined  up  to  its  end-organ, 
Ilensen  long  ago  suggested  that,  on  the  other  hand,  the  end-organ  and  the  nerve- 
centre  are  join^  up  from  the  l)eginning.  This  view,  though  still  held  on  mainly 
theoretieal  grounds  by  several  embryolo^sts,  has  lacked  the  support  of  definite 
observation,  Lr-jrifl'mren  happily  during  its  development  shows  facts  which  may 
almost  be  regarded  as  demonstrating  the  truth  of  Hensen's  view  in  its  main  prin- 
ciples as  regards  the  motor  nerves.  In  traciuK  back  the  motor  trunks  of  the  spinal 
nerves  I  leeched  a  stage  in  which  the  faintly  nbrillated  trunk  was  enaheathed  in  a 
nucleated  mass  of  protoplasm  of  mt  ;;enchymatou8  origin.  It  seemed  as  if  the 
nerve-trunk  weiv  becoming  dill'erentiated  out  of  the  strand  of  inr.m  iichyiue — th»t 
it  developed  exactly'  alter  the  fashion  described  by  8edgwick  for  Selachians. 
Puahiiu  eack  my  uvestlgation  to  eariier  and  earUer  stages,  howeTert  I  waa 
Utonisbed  to  find  the  uerve-truuk  rudiment  well  developed,  while  there  was  as  y<>t 
no  trace  of  its  enslicathment  of  mesenchyme.  Eventually  a  stapre  was  reached  at 
which  the  myotome  and  the  neural  tube  were  still  in  close  contact,  and  whezVy  of 
course,  it  was  practically  impossible  to  demonstiate  the.  existence  or  noo-emtence 
of  connecting  bridges  between  the  two.  Fortunately  I  had  when  in  Soadi 
America  been  able  to  excise  numerous  embrj-os  of  this  stage  from  the  egg  during 
life,  to  spread  them  out  in  one  plane  under  normal  salt-solutioQ,  and  in  this 
poRtion  to  snlgsct  them  to  the  action  of  the  fixing  agents.  On  mwrfitSng  trsnn 
Tens  ssetioos  of  audi  enibiyoa  I  fbond  that  the  myotome  bed  beoone  dightl/ 
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dnwn  awtj  ftom  the  oeunl  tube,  and  exftmiimtioii  of  Miiefi  of  seetioiw  bronglit 
out  the  fact  Uuit  tJia  radimMits  of  the  motor  trunks  already  connected  myotomo 
and  central  nervous  system  at  this  period  of  development — before  they  bad  bogim 
to  recede  from  one  another  with  the  interposition  of  mesenchyme.  Lqndosirm 
thus  affords  a  definite  anatomical  hasis  for  the  riew  that  the  nerrotu  hridge 
between  nerre-centre  and  end-organ  exists  from  the  beginning,  and  that  the  growth 
of  the  nerve  is  a  drawing  out  of  this  bridge  aa  the  end-organ  ia  poabed  away  by 
the  development  of  underlying  mt^eocbyme. 

I  have  so  far  been  able  only  in  the  case  of  the  fmricr  trunks  to  trace  them 
back  to  this  stage ;  in  the  case  o^  some  of  the  aensory  nerves  of  the  head  I  have 
got  back  to  the  Ptnge  in  which  tho  nerve-trunk  nppenrs  to  be  developing,'  in  Its 
pheath  of  protoplasm,  and  I  have  no  doubt  that  in  time  research  will  &how  thjit 
this  stage  is  precedtHi  by  exactly  the  same  stages  as  is  the  case  with  the  motor 
nervea. 

The  motor  trunk  in  the  earliest  stage  which  T  have  seen  has  the  appearance  of 
a  simple  protoplasmic  bridge.  It  is  very  thin,  and  there  is  no  obviou.^  appearance 
of  fibrillation.  What  happens  to  it  witiiiu  the  wall  of  the  neural  tube  ob^^ervation 
doee  not  show.  In  weH-preserred  specimens  the  wall  of  the  neural  tube  showa 
no  btructure  except  nuclei  closely  packed  in  granular  protoplasm,  in  which  cell- 
boundaries  can  scarcely  be  distinguished.  At  its  outer  end  the  nerve-truak  spUta 
up  and  is  continued  into  the  substance  of  the  muscle-cells. 


5.  The  Devdopmenl  qfXwmpvM  (Daotylethra).       E.  J,  Bus,  B.Se, 


6.  ExperimeiUs  on  the  Axolotl :  A  daptations  to  Life  in  an  Alkaline  Medium, 

By  E.  J.  Bles,  B.Sc. 


7.  On  tlie  Inaeei  Fauna  ofeome  Irish  Cavee, 
By  Gbobgs  H.  CARpnmtB,  £.Sc. 

Only  a  few  of  the  numerous  eaves  in  the  limestone  districts  of  Ireland  have 
as  yet  been  searched  carefully  for  a  living  fauna,  but  these  have  already  vielded 
results  of  considerable  interest.  The  present  communication  deuls  witli  the 
Sprii^tails  {CoUemholn)  that  have  been  discovered  in  the  Mitchelatowu  Cave, 
near  Oahir,  Oo.  Tipperary,  and  in  the  Dunmore  Cave,  near  Kilkenny. 

An  ex]iloratioii  of  the  former  cnve  in  I^^^)7  by  TTaliday  and  Wright  resulted 
in  the  discovery  of  many  .specimens  of  a  wliite  blind  springtail  that  was  doubtfully 
ideutiUed  with  the  Carniulan  cave  species,  Limtra  sttlicidii,  Scbiodte.  Tbis 
inaeet  is  now  known  to  be  identical  with  the  widespread  L,  inermie,  Tidlberg,  a 
species  that  inhabits  both  caves  and  the  upper  world  in  many  parts- of  Europe 
and  North  America.  All  the  species  of  thia  genus,  whether  in  caves  or  abova 
ground,  are  destitute  of  eyes. 

All  the  Iriah  caves  seem  to  be  inhabited  by  Tomoeerue  iridenHferue, 
TnUberg,  and  in  this  species  pigment  and  eyes  appear  to  be  slwaya  well 
developed. 

Hcteromurua  margaritatuSf  Wankel  (^^^  Templetonia  cavcmicolat  Car- 
penter), a  pale  bUnd  speeiM,  inhabits  both  IKHtchelstown  and  Dunmore  caves. 
Thia  fotm  is  widespread  in  tin-  Continental  caves,  and  has  not  yet  been  discovered 
above  ground.  But  it  ia  closely  allied  to  H»  niUdMe  (Xempleton),  that  occurs  in 
mould. 

(Monies)  abounds  in  the  Mitchelstown  Cave. 
This  is  a  blind  white  species  that  was  first  diseorered  in  a  deep  cavern  in  the 
South  of  France.  It  has  since  been  found  in  quarry-tunnels  and  in  nnts'  nests  in 
Scotland,  and  under  stones  on  fields  in  Norway.  Its  congener,  P.  nlhn 
(Packard) — hitherto  ucrecognised  in  the  British  Isles,  occurs  in  Dunmore  Cave. 
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This  species,  though  white,  his  weU^^aveloped  jMuied  pigment-^oto  «sttslnL 
eaeh  with  two  ooelli.  It  is  known  to  inhabit  North  Amwiwi,  Nomy,  sad  9$m 

Germany. 

Smijnthurus  rorrvSf  TiilDterp,  U  a  vprv  interesting  blintl  species  fitjn  tit 
HitchelstowQ  Cave.  It  hm  in  en  found  aljio  in  au  old  quarry-tuno^  Ddti  EiiiBr 
burgh,  and  in  mould  in  Northern  Europe. 

It  seems  that  the  only  Irish  eave-inseot  that  can  at  all  piobsUy  osbbM 
blind  and  degenerate  as  the  result  of  life  in  the  darkness  is  Hetmmmnu  «er> 
garitdt us,  which  is,  perhaps,  the  niodifipd  descendunt  of  H.  rutidus,  K  so,  tfli 
lorm  must  have  heen  indeywndently  developed  in  the  ditfen-nt  cjive*  it  Inhabits. 

Such  iu^l8  ii6  timynthurus  coecu*  and  Fseudosineiia  cavernamm  m 
evidentlj  Tenr  andent  spades  that  hiTe  bsnome  abnost  eitsraiinalaA  in  lis 
ttppSiT  world,  but  are  able  to  hold  theur  gnmnd  in  the  eaves.  It  h%s  l^ly  htm 
punrtrested  by  ^'erhoeft*  that  cave- faunas,  a3  a  whole,  are  survivals,  rather  thtt 
^^pecial  mod  iti  cat  ion  8.  Certainly  the  Irish  oave-tauna,  so  far  as  it  has  yet  h^t 
investigated,  ail'ords  support  to  this  view.  But  the  richer  fauna  of  the  Contioe&ui 
caves  must  ^robahly  be,  in  part  at  least,  due  to  modification.  It  would  appetf 
that  the  origin  of  cavd-ftunit  is  a  mora  oomplex  qoastion  than  ia  osmDi 
imagined. 


8.  On  th0  SignifieoMX  of  ih4  Embrffor^         JB^  Fhtfenor  C  &  Moor. 


9.  The  Bird-fauna  of  Ireland  as  effecUd  by  iti  Geogroflhff* 

BiflLJ,  U88HSB, 

The  position  of  Ireland  hdng  rsmoto  from  other  eoiuitrie%  Its  maril^Ma  ssm^ 

ties  chiefl^r  mountainous,  its  interior  containing  many  lakes,  and  three-fonrtbs  d 
its  area  being*  under  grass  or  moor,  coupled  with  the  8mallnes.s  of  its  manufc- 

turinnr  disfrirts  and  the  iih«ieiice  of  perserntion  of  birds  except  as  pam»',  ibe 
is  that  >peeies  breed  nuniemu.Nly  and  extensively  here  as  compared  with  EngiaBii; 
for  example,  Stonechat,  Dipper,  Golden -crested  Wren,  Grey  Wagtail;  Goldfinefct 
Stitkin,  Twite,  i^iosser  Redpoll,  Com  Bunting,  Chough,  Magpie,  Hooded  Grov« 
Peregrine  Falcon,  Red-breasted  Merganser,  Mock  Dove,  Golden  PIawr,Wor^l- 
rnck.  Common  Snipe,  Dunlin,  Curlew,  Arctic  Tern,  Little  Tern.  Common  Gull, 
Ureat  lilack-backed  Gull,  Black  Guillemot,  Storm  Petrel,  and  Manx  Shearrat^r. 

Among  the  winter  visitors,  too,  are  many  wildfowl,  Swans,  Gee««,  Duds*  ^ 
both  groans,  which  resort  to  the  estoariea  of  the  north  and  west,  to  dwohn 
moors,  ana  to  lakes  and  island^  in  prodigious  numbers.  Limicol(e,  a&  the  Tuit- 
stone,  Purple  Sandi)iper,  Sanderliug,  Greenshank,  and  Bar-taile<i  Godwit,  aaitlur 
Great  Northern  Diver  linger  on  into  May,  or  even  through  the  summer,  oa  tk« 
north  and  west  coasts. 

Other  species  which  breed  in  Britain  are  absent  from  or  limited  in  Iichsi 
Among  the  absent  species  are  the  Nightingale,  Dartford  Warbler,  Reed  WsiUv, 
Marsh  Warbler,  Bearded  Titmouse,  Crested  Titmouse,  Nuthatdi,  Tree  Pifit. 
Cirl  Bunting,  Tawny  Owl,  Capeicaillie,  Black  Grouse,  PtarmlgnOt  Biwl  hgt^ 
Partridpe. 

The  following  do  not  breed  in  Ireland,  being  rare  occasional  visitanu  or  sctits 
migrants  r^Lesser  Whitothroat,  Red-backed  Shrike,  Pied  Flycatdier,  Wi^wdt, 
Wood  pecks  (all  the  British  species),  Common  Buziard,  Hobby,  Eider  Osd^ 
Turtle  Dove,  Stone  Curlew,  l»*ufl',  (rn  at  Slcua.  Richardsou*s  Skua,  Fulnar. 

l  -ight  birds  have  a  restricted  breeding  range  in  Ireland.  \  i?.,  ^\'hinchat,  RedstAit, 
Gartieu  Warbler,  Wood  Wren,  Yellow  Wagtail,  Tree  Sparrow,  Jay,  Stock  Dor*. 

Among  the  occasional  yisitanta  the  Britwh  list  contains  a  large  nombcrtbt 
have  never  been  recorded  from  Ireland. 

The  result  is  that  the  Irish  list  of  birds  oontaina  much  fewar  spaeiat  tiaa  tka 
of  Great  Britain. 

The  Common  Buzzard,  the  Bittern,  and  the  OapercaiUie  iiava  besa  CTtstmiisyiH 
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ij  man;  Imt  the  aliieiiee  of  other  birds  Beemt  to  be  due  to  tbe  ftct  that  they  have 
lever  eetablished  a  footing  in  Ireland  at  alL 

Amonp  the  birds  of  Ireland  there  are  two  groups  specially  characteristic  of 
lit-iT  resorts  as  (1)  certain  Ducks,  Waders,  Gull?,  and  Grebes  which  breed  on  the 
ukes  aud  bogs ;  and  (2)  the  rock -breeding  birds  of  the  coast,  including  the  Chough, 
Etatren,  Eagles  (rare),  Peregrine,  Cormomite,  Rock  Dove,  Oyster-eetohery  Gulls, 
ALuks,  and  Petrels. 

The  chief  sen-bird  colonies  are  on  the  Saltee  Islands,  Lambay,  Rathlin,  Horn 
Ih^arl,  Tor  Morp,  North  Mayo  Clitl'e,  the  Bills  of  Achill  (where  some  tifty  pairs  of 
irreat  Black-backed  Gulls  nest),  the  Cliils  of  Moheri  Lo^p  Head,  the  Blaaket 
Ul&iuis,  the  Skelligs,  and  the  Bull  and  Cow  Rocks. 

Aiotie  Terns  hare  their  largest  colony  on  Roaninish  Jeland,  co.  Donegal. 

There  is  considerable  similaritj  between  the  bird  fauna  of  the  Scottish  and 
Irish  coa-sts;  while  the  abundance  of  the  Hooded  Crow  and  the  frequency  of  the 
Siskin  and  Twite  in  both  countries  are  other  points  of  resemblance. 

The  moat  southern  breeding-hauntj)  iu  Europe  of  the  Common  Gull  aud  uf  the 
Bed-breaeted  Meiganser  are  in  Ck>.  Kenry. 

The  northern  affinities  of  the  Irish  avi^fauna  are  limited,  for  neither  the  Eider 
Duck  nor  several  North  British  waders,  the  Skua  nor  the  Fulnar,  breed  in  Ire- 
Land  ;  but  the  following  are  among  the  species  that  have  often  visited  Ireland 
from  the  high  North :  Mealy  Pedpoll,  Greenland  Redpoll,  Snow  Bunting 
(commonly^,  Snowy  Owl,  Rough-legged  Busxardi  Greenland Paleon,  Snow  Qooee, 
Kioi^  Duck,  Sabine's  Gull,  Olauooua  GuU,  Iceland  Gull,  Pomatorhine  Sloiay 
Buflbn's  Skua,  Little  Auk. 

The  following  North  American  species  have  been  taken  in  Ireland,  the  figures 
representing  the  number  of  their  occurrence.s  : — American  Bittern  (13),  Surf  Scoter 
(6),  Hooded  Mers  fanaer  (4  or  5),  Lesser  Golden  Plover  (1),  Pectoral  iSaudpiper  (3), 
Bonaparte'a  8and|iiper  (ntBamam'e  Sandpiper  (2).  Buff-breaeted  Sandpiper  (2), 
Spotted  Sandpiper  (1)»  Bed-breaeted  Snipe  (2),  Eskimo  Curlew  (1),  Bonaparte'a 
Gull  (1). 

Besides  these,  seven  American  land  birds  have  occurred,  but  on  these  doubt  has 
Ijeen  thrown,  as  having  possibly  had  assisted  passages.  Six  Antarctic  and  oceanic 
^peeiee  have  been  recoraed----YeUow-biIIed  Sheathbill  (possibly  escaped).  Noddy 
Tern,  WHeon'e  Petrel,  Little  Duaky  Shearwater,  Great  Shearw  ater,  Sooty  Sheei^ 
water.  The  two  latter  occur  numerously  In  tome  aeaaona,  late  in  eummeri  ^long 
the  coaata  of  Cork  and  Kerry. 

Migration  Routes. 

Immigrant  birds  arrivf  on  the  coasts  of  Ireland  mainly  in  two  directions. 

(1)  The  summer  migrants  and  most  of  i\w passerine  winter  immigrants  land 
on  the  south  and  east  shores.  Many  visitants  ou  arriving  there  seem  to  travel 
imwarda  along  the  eoeete  of  Waterford,  Cork,  and  Kerry,  and  tfaia  aceounte  for  ^ 
large  number  of  rare  birds  th  at  h  ave  been  taken  in  the  eetuarine  Talleye  of  Co.  Cork. 
Vsst  numbers  of  small  birds  belonging  to  common  species  accounted  residents 
arrive  in  autumn  on  the  south-eastern  shores  to  pass  the  winter  in  the  mild 
dimate  of  the  south.    There  is  a  second  immigration  of  these  in  spring.'' 

(2)  Those  winter  visitants  that  come  from  the  far  north  arrive  chiefly  ou  the 
ooaat  of  Donegal,  and  paas  down  the  weat  coaat  of  Ireland,  while  some  paaa  to  the 
east  eoast  by  the  North  Channel.  The  White  Wagtail  in  spring  paaaea  up  the 
veat  ooaat. 

IncTMmB  uf  Ogrtam  Speeiet. 

The  following  have  aettled  in  the  country  as  breedingspecies  and  are  increas- 
iB^:~Magpie  (since  the  aetenteenth  century),  Misael  Thrush  (100  years  ago), 
"Woodcock  (since  1883),  Starling,  Tree  Sparrow,  Shoveler,  Crossbill  Bed8tart# 
Tufted  Duck,  Stock  Doie.  Many  woodland  birda  too  have  inereaaed. 

^  Mignttum    Jhrdt  iBaaiogUiii)^  pabiiflba4  by  hotter  and  by  f  onaonby*  1900. 
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Jkenate  if  J^imUs, 

IlieOrane  abounded  in  the  twelftb  century,  the  Oapercaillie  until  tbe  eigbteenth 
CRDturv,  the  Rltttrn  brod  in  tbe  nineteentb  century,  the  Common  Buzzard  until 
about  IB-^.'i.  the  Ked-throated  Diver  until  about  1806,  while  the  Woodlark, 
liaven,  Marsh  and  lion  Harriers,  Golden  and  White-tailed  Eagles,  Qu&U,  and 
Boeeato  Tern  we  approaching  extinction. 

The  Great  Auk  appears  to  biive  been  at  one  time  not  uncommon  on  several 
part*  of  the  Irish  coast,  for  Mr.  Knowles  has  discovered  its  remains  in  Co.  Antrim. 
I  have  found  the  bones  of  six  or  eight  individuals  on  the  Waterford  coast,  and 
Other  bonee  beve  been  obtained  in  1902  in  Co.  OlAre.  In  each  earn  the  XMiiiine 
of  Omt  Auk  were  found  in  kitchen  middens,  with  other  bones  used  fi>T  food  hf 
the  nneient  inhabituite,  by  whom  this  bird  wae  e?idenUj  oapturad. 

10.  On  the  Structure  r>f  fhr  Scales  in  the  Cod, 
By  H.  W.  Mabett  Tims,  B.A.,  M.D. 

The  development  of  soales  in  various  fishes  has  ht'en  described  by  several 
■writers,  notably  by  Ilertwig  and  Klaatach,  the  latter  dealing  also  with  manj  of 
the  morphological  aspects.  There  is,  however,  an  almost  entire  absence  of 
detailed  obacvrationa  aa  to  the  stmotnre  and  pattern  of  the  ftiUj  formed  aealei^ 
and  eome  of  tbe  tranaitioDal  atagea  in  the  growth  of  the  leale  appear  to  haTa 
eaeaped  observation. 

Through  the  kindness  of  Profesaor  Macintosh,  F.R.S.,  I  have  been  enabled  to 
work  at  tnii  subject  during  the  past  few  weeks  in  the  Qatti  Marine  Laboratory  at 
St.  Andrews.  1  have  confined  my  observations  in  the  first  instance  to  the  scales 
of  the  Gndidnc,  tbe  species  examined  being  G.  vtr&n«,  G,  morrhiKP.  G.  pollarchu^^ 
and  G,  leucua.  The  younger  stages  were  taken  from  Professor  Macintoah  a  rich 
atorea,  while  the  older  were  moatly  from  material  fMily  eaofbt 

The  formed  acale  ia  a  eompound  stnictora  ooosisting  of  a  fibroos  stratum  ujMm 
the  upper  aorfaoe  of  which  are  situated  numerous  'scaleleta'  arranged  in  lines 
radiating  from  a  more  or  leas  homogeneous  centrum.  The  form  of  these  scaleleta 
varies  somewhat  in  the  different  species,  and  to  a  certain  extent  in  the  same 
species  at  different  stages.  It  is  the  presence  of  these  structurea  that  gives  tbe 
'  f'culptured '  or  '  riuged '  appearance  to  the  scales^  hot  thaaa  torma^  tiioagh 
frequently  applied,  are  misleading. 

The  Jibrous  stratum  is  readily  exposed  by  treating  the  scale  with  a  dilute 
add,  when  the  sealelets  are  to  a  great  extent  dissolved  off,  or  tbeir  remaioa  eaaaly 
removed  by  acraping.  The  fibres  are  arranged  in  definite  layers:  (i.)  a  superficial 
in  which  the  bundles  are  concentric  ;  (ii.)  a  deep  layer  iu  which  tht;  individual 
bundles  interlace  with  one  another  at  right  angles,  each  set  running  diagonally  to 
the  long  axia  of  the  acale.  A  third  layer,  the  fibres  of  which  form  an  imjn^ 
network,  is  possibly  present,  but  it  is  much  more  difficult  to  demosafatate.  ^Tlua 
fibrous  stratum  stains  readily  with  any  of  the  ordinary  reagents. 

The  scaleletSf  placed  uj}on  the  upper  surface  of  the  fibrous  stratum,  are  tbem> 
aelvea  covered  with  a  delicate  epideimia,  whidi  ia  likewiae  caaQy  ataincd.  They 
conmst  of  flattened,  imbricated,  calcareous  plates.  If  tbe  epidermia  be  gently 
removed  and  the  whole  scale  be  placed  for  a  few  minutes  in  borax-carmine,  Uie 
sealelets  become  barely  tinged  with  the  stain,  more  particularly  in  tbe  younger 
stages.  If,  however,  the  latter  be  previously  treated  with  an  acid,  they  stain 
rather  more  freely.  This  leads  to  tbe  inference  that  in  the  earlier  condition  they 
are  more  tborongbly  calcified,  or  rather,  perhaps,  that  in  the  later  stages  they 
contain  a  larger  amount  of  organic  material,  and  thus  stain  somewhat  mora 
readily. 

Between  tbe  radiating  lines  of  sealelets  the  deeply  stained  fibrous  stratum  is 
seen,  resembling  tlie  spokes  of  a  wheel.  In  an  early  stage,  before  the  sealelets 
become  imbricated,  the  fibres  may  also  be  noticed  as  transverse  bands  ytffing 
between  the  individual  plates  of  a  row. 

On  aiamiwing  a  aecMon  of  an  nndeealdfiad  aoafe  tlm  aoaldett  m  aaentoha 
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for  fbe  BUMt  part  implaiitod  in  aoeketa  on  the  upper  surface  of  llie  fibrous 
ftratum  with  a  Taryioff  inclination.    Those  at  the  ceatrum  appear  to  Imtb  fuaed, 

forming  a  horizontal  plate,  while  at  the  pcripliery  of  the  sonlt*  lh»\v  nro  almost 
perpendicular.  la  a  section  through  the  skin  of  a  green  cod  about  4  cm.  long, 
the  individual  icaleleta  are  quite  isolated.  Each  consists  of  a  basal  plaU>,  from 
the  upper  surface  of  which  projects  a  minute  9pine,  thus  resembling  a  small 
placoid  scale.  Such  a  condition  is  only  evident  in  rnutt  rinl  from  whicb  acid  has 
been  rigidly  ivxcludod.  This  condition  does  not  upjH^ar  to  have  been  ppiviously 
noted;  the  iigureii  given  by  Klaat&ch  and  others  being  similar  to  those  which  I 
obtained  from  matmal  wliich  had  been  paated  throo|pi  acid  alcohol,  and  which 
do  not  ahow  the  true  nature  of  the  eeale. 


W£DJirS8DAr,  SKPTEMBER  17. 

IH$euimon  upon  Mimiary  aind  Natural  Selection, 
Opened  dy  ProCBoaor  K  B.  Poultov,  F,R,8, 

The  following  Paper  was  read  : — 

Some  Remarke  on  Early  Development  of  the  Head  kidney  in  Pdlygerdiue 

and  JBupomatue.   By  C.  Shkabxr. 
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SBonoH  B.*  GEOGRAPHY. 

P&I8U>JBHT  OF  IHB  SSCTION— Colonel  Sir  T.  H.  HOLOICH,  C^, 

K.C.I.E.,  F.U.G.S. 


TBtmSDAY,  8SPTSMBMR  11. 

The  Preaident  delivered  the  followiug  Address : — 

The  Frogrua  qf  Geographieal  Kwndedge, 

With  so  large  a  field  ai  that  wliidi  is  emlnraccd  by  geography  hefote  us,  I  feel  a 

little  doubtful  wliidi  wny  tt>  turn  in  nnl^r  to  gatlicr  into  one  short  space  both  the 
scattered  records  of  receut  geojrrupliical  history  aud  to  present  to  you  at  the  ^aoie 
time  illustratiuus  of  some  fixed  principle  whicli  in  the  course  of  the  development 
of  our  ge(^fraphical  knowledfe  must  govern  the  progreaa  of  it  Laat  year  you 
hennl  Iroui  Dr.  Mill  a  most  excellent  summary  of  the  present  phase  of  tliat 
development  in  ihi.s  countrj*.  You  lanrd  not  (inly  of  great  activity  in  the  wide 
world  of  the  unexplored  and  unknown,  but  of  new  edbrtn  to  train  up  a  fretth 
gvnenition  of  explorers ;  of  new  schools  springing  up  amongst  us ;  frssh  eridenoe 
of  the  faith  that  is  in  us  that  geographical  knowledge  points  the  road  to  coninior- 
cial  8ucee«»M  ;  hapjiy  intimations  of  the  existence  of  a  vet  higher  faith- — ^the  faith 
which  l>elieyes  that  scientific  knowledge  of  the  worlds  physiology  is  worth  the 
gettbg  for  its  own  sake,  whether  it  paves  the  way  to  golden  success  or  not.  And 
now,  whilst  recalling  the  chief  geographical  events  of  the  year  that  has  passed : 
whilst  counting  the  landmarks  on  the  road  to  a  higher  g»>ocrrapl)ical  tnincatjon,  I 
would  also  claim  your  attention  for  a  brief  space  to  a  lew  technical  problems 
wUeh  heset  the  hnmiiesB  aspsct  of  future  prooedure,  and  which  so  long  as  we  maks 
it  our  boast  that  we  hslong  to  the  biggest  empire  in  the  world  ought  most 
certainly  to  attract  our  earnest  attention. 

The  unknown  world  is  growing  daily  smaller.  It  is,  indeed,  narrowing  its 
area  with  a  rapidity  whidh  is  absolutely  nrgrettahle.  If  you  thbk  of  oiose 
delig[htfnl  days  when  the  men  who  went  <  down  to  the  xea  in  ships '  brought  g[old 
and  ivory  to  the  stepM  of  Solomon's  Temple,  believing  that  beyond  their  nautical 
ken  all  the  rest  of  the  world  was  but  Uat  emptiness;  or  even  centuries  lat4!r  when 
Marco  Polo*s  truthful  tales  of  Asia  were  discredited  as  wild  fables ;  or  again  in 
almost  modem  times  when  Vaseo  da  Gama  bent  his  knees  in  pious  prayer  ere 
starting  on  the  buccaneering  venture  which  was  to  change  the  destinies  if  tlie 
I'jwt,  you  will  6nd  it  almost  impoSvoible  to  look  at  the  well-turned -out  maps  of 
lO-day,  wondering  where  next  it  may  be  possible  to  i»trike  a  new  feature  or  unfold 
a  vew  yista  to  geographical  enterprise,  without  something  like  a  sigh.  But  it  is 
wim  the  world  as  we  find  it  mapped  to-day  that  we  have  now  to  do,  searching 
out  the  position  of  such  blank  '«]):u  rs  r'^  ^till  exist  and  considering  ib«'  best  nu'ims 
of  dealing  with  the  vast  area  uf  iti^  lialf-exploited  surface  so  a^  tu  obtain  the  bt^t 
results  for  the  time  end  labour  spent  on  completing  our  knowledge  of  it. 
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Antarctic  Prospects. 

To  the  Polar  regions  we  naturallj  turn  first,  for  they  form  the  special  domain 
of  modem  initial  exploration.  We  are  very  far  yet  from  havino'  elucidated  the 
great  geographical  problems  of  sea  ar.d  Innd  dUtribution  which  lie  hidden  under 
the  depths  of  palEPOcryetal  ice.  We  only  know  indeed  from  inference  tJint  at  one 
end  of  the  world  there  exists  an  uumap{>ed  sea,  and  at  the  other  au  unmapped 
continont,  round  the  edges  of  which  we  are  even  now  feeling  our  way.  When  the 
'Diw^overy'  left  Port  Lyttelton,  New  Zealand,  on  December  2*  last  for  the 
South  Polar  regionf,  this  was  the  quest  whicli,  in  the  modest  lanL'tirip*^  of  her 
originator,  Sir  Clements  Markham,  lay  before  her:  'To  detennme  as  far 
afi  possible  the  nature  and  extent  of  the  South  Polar  lands '  and  to  *  conduct  a 
magnetic  surrey.'  If  we  look  at  the  unexplored  area  of  theee  South  Polar  lands  as 
a  whole  and  examine  tlic  plan  of  international  geographical  campaign  which  has 
now  been  directed  against  them,  we  shall  find,  1  think,  that  the  present  enterprise 
is  by  far  the  most  complete  and  systematicji  as  it  is  the  most  scientitic,  that  has 
jet  Deen  undertaken  in  the  Far  South.  It  Is  impossible  but  that  great  residts 
should  be  attaned  from  so  complete  an  inve.<<tment  of  the  unknown  continent. 

With  the '  Discovery's*  investigations,  which  will  be  directed  to  Victoria  Land — 
the  land  of  the  historic  Tolcanoes  Erebus  and  Terror — from  the  side  of  Tasmania 
•nd  New  Zealand,  will  be  associated  at  least  tiiree  other  expe^tionsi  all  aiming 
mt  a  final  solution  of  the  South  Pole  problem.  From  S<uith  America  Otto  Xor- 
denskiold's  expedition  ha^  taken  the  shortest  sea  route  past  the  South  Shet lands 
to  Graham's  Land,  and  has  already  passed  a  wmter  amidst  the  ice.  From  South 
America,  again,  the  Scottish  expedttkm  Bruce  will  work  its  way  past  the 
Sandwich  Islands,  skirting  the  Antarctic  Circle,  some  fifty  de^'^ret  s  to  the  east  of 
Nordenskiold,  almost  on  the  Greenwich  meridian,  and  as  nearly  oppo«ire  (h  yios- 
sible  to  the  'Discovery's'  attack  from  the  other  side  of  the  Pole;  whilst  beuveen 
the  two  will  be  the  German  expedition  of  the  *  Gauss,'  pushiog  southward  about 
the  meridian  of  90°  E.,  a  worthy  rival  in  scientific  equipment  to  our  own  ship 
the  *  Discovery.'  And  there  is  no  branch  of  scientific  inquiry  whieli  will  bo  ad- 
vanced bv  this  international  attack  on  the  great  unknown  southern  land  of  more 
interest  than  that  which  pertains  to  the  history  of  the  world's  geo^jrr  iphy.  Inde- 
ysndently  of  securing  a  firmer  outline  to  the*  vague  definition  of  southern  land 
areas  of  the  present  day,  it  is  there  that  we  hope  to  find  evidences  of  anotlior 
distribution  of  those  areas  in  primeval  times.  Shall  we  be  able  to  trace  tbf 
Patagonian  formations,  those  recent  basaltic  lavas  wliich  overlie  trees,  beyond 
tiiat  point  in  Graham's  Land  where  we  know  that  they  occur  again,  to  the  Aus- 
tralian  side  of  the  Southern  pDler  Shall  we  find  that  Erebus  and  Terror  are  but 
the  natural  extension  of  tlmt  inii^^nificent  array  of  voleanic  cones  which  overlook 
the  Pacific  irom  the  Patagonian  Andes  Will  the  Miolunia,  the  great  turtle  of 
I^tagonia— not  unknown  in  Australia—complete  with  his  bone^  another  link  in 
that  chain  of  many  evidences  that  Patagonia  and  .\ustralia  once  met  across  the 
extreme  south  ?  You  may  Fay  this  is  not  p"jogmphy.  1  hardly  know  whether 
in  these  davs  it  is  still  neceHsary  to  plead  that  between  geography  and  natural 
semuMw,  whether  €lt  geology,  biology,  or  aniftropology,  the  connection  is  so  inti- 
mate that  in  the  actual  field  of  research  it  is  impossible  to  dieconn  -ct  tin  m. 
Modem  geography  is  but  a  development,  and  whilst  the  process  of  its  evolution 
is  perhaps  to  be  found  in  strictly  geological  fields,  it  has  so  modified  and  in- 
Biionosd;  the  poUems  of  life  and  ue  disuibution  of  it  throughout  the  w<»rld  that 
m  collector  of  facts  like  myself  finds  it  convenient  to  accept,  for  the  mere  sake 
of  simplicity,  the  science  of  geography  as  the  best  basis  for  divergent  inquiries 
into  msnv  other  scientitic  fields,  which  can  be  difiurentiated  at  leisure  by  the 
natural  philosopher. 

JfeeewUy  far  Study  of  Geographical  Hiriory. 

Bnl  whilst  we  wn  justified  in  aspeeting  much  from  this  great  interoationil 
ittffeaeni  we  imist  Miu  modemte  our  enpe^tatkna.  Wa  must  admit  that  in  tho 
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field  of  purely  naval  exploration  we  haTo  not  tlie  Bime  derelopmenta  in  nwehmi- 

Cfll  and  instrumental  accesaories  which  place  within  our  reach  the  possibility  of 
conducting  land  expeditions  on  far  more  scientific  and  exact  methods  than  were 
possible  to  our  grandfathers.  Wireless  telegraphy,  for  instance,  will  not  jet 
enable  a  ship  fast  boood  in  Avetio  tea  to  detenidne  ber  loDgitude,  and  the  restuas 
ocean  still  precludes  the  use  of  many  of  the  more  fineljr  graduated  instruments 
which  are  cspential  to  the  exact  measurements  pertaininp  to  triangulation. 
Methods  and  instruments,  indeed,  will  not  ditfer  maiertallj  from  those  adopted  b^ 
FraaUin  or  by  Rosa  more  than  half  a  century  ago.  Better  instmments  of  their 
elaSB  no  doubt  are  within  reach,  owing  to  tbo  extraordinary  accuracy  of  modem 
production  ;  but  better  hands  to  linld  them  it  would  be  impossibl*'  to  find.  We 
are  often  so  pleased  with  ourselves  in  these  days  that  we  are  ^t  to  forget 
what  has  been  done  by  our  gec^raphical  forerunners  in  the  flame  field  as  oar* 
selves.  I  have  bat  lately  retnmea  £rom  a  journey  fall  of  geogmphicnl  interest 
which  has  carried  me  over  some  of  the  tracks  left  many  years  ago  by  a  British 
scientific  expedition  to  the  South  He&s,  which  will  be  ever  associated  in  the 
memory  of  ail  geographers  with  the  names  of  Charles  Darwin,  and  H.M.S.  'Beagle.* 
With  the  wider  scopf  forgathering  information  which  is  aftbrded  in  the<e  days  by 
the  growth  of  civiliN^tinn  and  the  shooting  out  of  its  lon<?  tendrils  into  the  waste 
places  of  Patagonia,  it  has  be'>n  possible  to  verify  some  of  the  suggestions  as  to 
the  structure  and  geographical  coutiguratiou  of  that  southern  continent  which 
were  offered  by  the  observations  of  Darwin,  and  to  examine  here  end  there,  in 
some  detail,  tlin  rasults  of  recent  local  surveys  in  testing  the  accuracy  of  the 
coast  outline  and  of  the  coast  soundings  ei^tablishcd  by  the  'Beagle.'  Of  tho 
former  I  can  only  say  that  they  seem  to  me  prophetic;  of  the  latter,  so  little 
ohange  has  taken  place  in  Soath  American  coast  configuration  during  the  last 
ftftY  years  that  practically  the  charts  of  the  *  Beagle  '  are  the  charts  of  the  Chilian 
ana  Argentine  Admiralties  of  to-day,  with  hardly  a  noticeable  variation.  Such 
mogniticent  resultij  as  were  achieved  then  are  hard  t^  beat  at  any  time.  We  do 
not  hope  to  bsat  them.  We  can  only  hope  to  imitate  them.  They  stand  good 
for  all  time,  and  it  is  useful  to  recall  them  now  and  then  in  order  to  emphasise  a 
truism  which  is  occasionally  overlooked  by  modern  geographical  explorers.  It  is 
not  the  most  recent  work  in  the  field  of  exploration  which  is  necessarily  the  most 
Talnable.  One  of  the  great  sins  of  omission  in  modem  exploration  is  that  of  a 
fildlare  to  apprsdate  the  efforts  of  preceding  geographers  in  the  same  field  of 
research  as  ourselves — the  want  of  a  ])atient  absorption  of  all  available  previous 
knowledge  before  we  attempt  to  add  to  the  sum  of  it.  We  are  not  all  of  usgified 
with  the  patient  determbstion  of  that  great  traveller  Sven  Hedin,  who  spent 
three  years  in  reading  about  Central  Aaia  before  he  wrote  a  word  on  the  sabjeet. 
It  cannot  bo  too  strongly  urged  in  th*"=f.  days  of  narrowing  fields  for  activity 
that  although  geographical  research  is  e^isentuiUy  an  active  runction  of  an  active 
life  it  demands  yet  more  and  more,  as  time  goes  on,  the  application  of  the  scholar 
added  to  the  determined  energy  of  the  explorer. 

Cimiraeiion  qf  ihe  World^s  *  Twra  Ineogniia.* 

It  is,  however,  when  we  leave  the  high  seas  with  their  almost  inexhanstible 
store  of  unexplored  ocean  floors  and  icebound  coast-line,  and  turn  from  oceano- 
graphy to  the  more  fjuniliar  aspects  of  land  geography  that  we  find  those  spaces 
witnin  whush '  pioneer '  exploration  can  be  nse^Uy  carried  to  be  so  rapidly  con- 
tracting year  by  year  as  to  force  npon  our  attention  the  necessity  for  adapting  onr 
methods  for  a  progressive  sjf stem  of^  world -w id'  map  making,  not  only  to  the  re- 
quirements of^  aletract  science,  bat  to  the  utilitarian  demands  of  commercial  and 
political  enterprise. 

Asia. 

Take  Asia,  for  example  :  nearly  half  of  the  great  continent  pertains  to  Siberia, 
and  within  the  limits  of  Russian  territory  the  admirable  organi.sation  of  h»'r  own 
system  of  geographical  exploration  leaves  no  room  for  outsiders  to  msaax.  u&efullyf 
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•v«n  if  politkal  objectiont  did  not  cuiat.  In  Geotnl  and  Southiin  AraUft  tbtre  it 

tiadoubtedly  still  much  to  learn,  but  of  the  remaining  conntiles  which  intervene 
between  the  Mediterranean  and  India,  of  Persia,  Afg-hanistan,  and  Bnluchiatan,  it 
can  only  be  said  that  the  work  of  the  ffeograpbic&l  pioneer  haa  already  ended 
wliMM  Uiat  of  the  engineer  and  surveyor  nas  ecmmenoed.  In  the  Furthest  East 
again — in  Manchuria,  China,  Tonkin,  and  Siam — there  is  much  more  room  foa  the 
practical  exploration  of  the  road  nnd  railway  maker  than  there  is  for  the  irre- 
sponsible career  of  the  geographical  traveller.    The  highway  from  China  to  India 
is  almost  as  well  Imown  as  that  ftom  London  to  Indiat  and  the  activity  of  nil  wa^ 
enterprise  in  the  .south  of  Asia  bids  fair  to  rival  the  triumphs  of  Siberia.   It  is 
only  in  the  central  flo^jorfs  of  Mong-olia  and  the  wastes  of  Tihet  gpreadinj^ 
southwards  to  the  HimalayaM  that  we  can  iind  untrodden  areas  of  any  great 
magnitude,  and  even  in  Gsntral  Asia  before  venturing  on  a  statement  of  future 
possibilities  in  the  field  of  ex})lorRtion,  it  would  be  well  to  wait  for  the  records 
of  that  most  intrepid  traveller,  Sven  Hedin,  who  promi«ics  ns  material  of  scien- 
tific and  historical  interest  a.s  the  result  of  his  last  three  years'  travel  far  in 
excess  of  the  monumental  contributions  which  he  has  already  made  public. 
Ilistoriadly  the  interest  of  the  world  of  inquiry  in  Asia  where  we  find  the  origin 
of  the  g^reat  race?^  of  the  world  and  the  birthplace  of  all  reli|,'Ion<»  must  always  be 
immense;  but  that  history  can  only  be  elucidated  by  a  clear  illustration  of  the 
great  highways  of  the  Continent  which  were  open  to  the  vast  migratory  move- 
ments of  mankind  In  prehistorie  periods.   We  do  net  in  the  least  understand  the 
condition  of  climaf*>,  nor  are  we  quite  certain  s  vr  n  of  tbf  relative  di^frilmtinn  of 
land  and  water  in  Hiph  A?ia  in  the  days  wh<  n  its  ^warming  population  first  began 
to  flow  south  and  west,  carrying  the  elements  of  a  language  which  we  have  been 
accustomed  to  regard  as  primeval  into  the  swamps  and  plains  which  lay  beyond 
the  Himalayas  or  the  Caspian.    It  is  only  through  geographical  research  that  pomo 
dim  outline  of  those  early  stories  can  be  realised  ;  and  although  the  researches  of 
Stein  and  the  marvellous  discoveries  of  Sven  liedin  around  the  ancient  lake 
distiiet  of  Lob  Nor  will,  after  all,  only  throw  the  world's  history  back  for  a  few 
centuries,  it  is  by  means  of  these  first  steps  backward  that  we  can  feel  our  way  to 
an  appreciation  of  the  earlier  proceKsea  of  this  pha?e  of  human  evolution.    Nor  in 
the  interests  of  utilitarian  commercial  6peculation  is  geographical  research  in  Asia 
jet  to  be  set  aside.   We  indeed  know  comparatively  nothing  of  its  reiources  in 
mineral  wealth.    It  is  quite  within  the  bounds  of  possibility  that  one  of  the  great 
central  treasure  houses  of  nature  lies  enveloped  in  tne  geological  axis  of  the  highest 
mountains  of  the  world,  and  that  we  may  yet  be  enabled  to  explain  why  every 
river  which  flows  ftom  Tibet  washes  down  gold  in  iti  bed.  But  this  wiU  only  be 
when  the  Tibetan  Lama  is  prepared  to  shake  hands  with  the  Uitlaoder ;  and  I  fear 
that  recent  South  African  liistory  will  not  encourage  the  embrace,  ^fennwhile 
there  is  no  more  promising  held  still  o^eu  to  the  bond-Jidr  explorer  than  that  of 
T^t  and  the  farthest  ranges  of  the  Himalayas.   Few  people  are  aware  how  vast 
an  extent  of  the  Himalayan  area  still  remains  untrodden  by  any  European.  This 
is  due  to  no  want  of  enterprise  on  the  part  of  our  Indian  surveyors  and  political 
oflicials.    It  is  due  partly  to  physical  inaccessibility,  and  partly  to  that  intense 
(and  easily  understood)  objection  to  the  interference  of  the  stranger  in  which 
many  of  our  transfrontier  neighbours  permit  themselves  to  indulge.  Neverthdesa 
would  I  commend  to  those  who  still  desire  to  walk  in  the  rough  and  thorny  path 
of  pioneer  geographical  discovery  a  similar  entt'rprise  to  that  of  our  aforetime 
Secretary,  Mr.  Douglas  rret-hfield,  who  lately  succeeded  in  passing  beyond  the 
bounds  of  official  exploration  into  the  Eastern  Himalayas.   We  have  had  many 
travellers  in  the  Himalayas,  but  they  have  not  alwavB  distinguished  between  the 
fascinating  pleasures  of  romantic  adventure  and  the  earnest  pursuit  of  geogrsphical 
business. 

Study  qf  GUiciers. 

To  Mr.  Freshfield  we  certainly  owe  an  introduction  to  a  new  vista  of  great 
,  Scientific  interest  in  the  study  of  thf*  formation  and  movements  of  glaciers.  Ilere, 
perhapSi  we  are  treading  gently  on  the  skixU  of  geological  science  j  but  X  have  nevet 
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yet  found  thait  pait  of  tbo  woiM  where  the  careful  study  of  locd  geogrraphieal 
coafonnation  wUl  not  ineritably  inToke  an  hiqiuiy  into  geolog-ical  constmction. 
"We  miut  accept  flip  inevitftblo  critirism  and  g-o  on  with  our  placiera.  Where  in 
the  vorid  can  there  be  such  an  area  for  research  into  the  conditions  of  glacial 
fonnatiom  aa  ia  presented  by  the  Himalayas  P  I  grant  the  physical  and  political 
difBcultiee  in  the  u  ay  to  which  I  have  referred,  bat  still  well  within  the  limits  of 
otir  own  red  bordf*r  there  are  glaciera  yet  to  be  studied,  which  if  not  thf  larjrest 
are  yet  large  enough  to  fsatiufy  the  loftiest  aspirations,  and  beyond  that  border  the 
difficulties  of  approach  are  lessen iug  day  by  day,  aud  are  no  longer  so  formidable 
that  they  need  hinder  the  steps  of  any  detenmned  explorer. 

South  Am9riemn  Ohewn. 

The  speculative  interest  in  glacial  moTements  and  their  luQuence  on  the  i^eo* 

graphical  conformation  become  far  greater  when  one  moves  in  a  country  which 
as  been  recently  shaped  and  polished,  grooved  and  fashioned,  by  glacial  action  ; 
when  huge  blocks  of  granite  or  porpb}Ty,  standing  sentinel  over  terraces  and  ancient 
glacier- bt^ds,  witness  to  the  passing  of  icebergs  in  prehistoric  seas.  Such  conditions 
one  may  lind  in  two  widely  separated  areaa— viz.,  m  the  Funiis  and  in  Pteta^iui. 
What  causes  led  to  the  formation  of  the  tiret  vast  ice-cap  of  which  the  glacier  ia 
the  latest  evidence  P  wliat  caused  its  disappearance,  its  reappearance  ?  why  are 
the  glaciers  again  withdrawing  from  the  mountains  ?  and  what  causes  the  uni- 
▼eiaal  process  of  modem  deeioeation,  of  which  tliere  it  such  ample  evidence  in 
the  Pamirs,  in  Balachistan,  in  Patagonia  P  It  ia  to  the  Himalayas  that  we 
turn  first  for  nn  Hn<»\rpr  to  tliis  qiie'tion  ;  but  there  are  other  fields  almost  equally 
promising,  and  one  of  them  i»  to  be  found  in  South  America.  No  one  now  can 
pretmd  any  longer  that  we  know  nothing  of  Patagonia.  Probably  no  oountrj  in 
the  world  has  been  described  by  so  many  geographers  in  so  many  difimut 
wava;  there,  at  any  rate,  h  a  land  of  glaciers  and  j^nowfiolds  awaiting  research 
which  presents  few  of  the  physical  diihculties  of  the  Himalayas.  Here  is  a  won- 
derful country  truly,  where  glaciers  reach  down  to  the  sea  in  low  latitudes, 
casting  little  icebergs  into  waters  fringed  by  gieen  banks  of  faclisia  and  myrtle 
and  ot"  bamboo ;  where  the  laurel  gTO\v>  into  mafrnificcnt  timber,  competing  with 
the  I'atagonian  beech  for  root-bold  on  th«'  ini),>'s-covered  soil.  The  round  grey 
heads  of  the  granite  hills,  scratched  and  seamed  by  a  discarded  ice-cap  on  one 
side  of  the  narrow  straits  balance  the  snow*bottnd  peaks  of  the  Cordilieras  on 
the  other,  ^^o  ])liysicMl  tllfHculties  bar  the  way  to  the  investigation  of  glacial 
phenrum  iKi  amidst  some  of  the  most  striking  coast  sc«'nery  in  the  world.  Near 
the  paraiiel  of  01**  8.  are  two  I'atagonian  lakes  closely  associated — Argentina  and 
Viedma — which  offer  opportonitiM  for  the  study  of  glaciers  such  as  are  probably 
not  to  be  found  anywhere  else  in  the  same  latitude.  For  here  the  phenomenon  of 
disappearance  is  in  the  stage  of  natural  illustration.  Glaciers  are  disappearing 
rapidly  which  but  a  few  years  ago  seemed  to  be  a  permanent  feature  of  the  sur- 
rounding mountains,  and  the  lake  surface  ia  chequered  with  their  d^bria.  Thoe, 
too,  may  be  studied  for  hundreds  of  miles  northward  the  natural  sequences  of 
their  disappearance— the  formation  of  freshwater  lakes  and  their  frradual  desicca- 
tion in  turn — whilst  all  around  there  is  the  continued  story  of  geographical  evolu- 
tion doe  to  the  alternate  forces  of  glacial  and  vokaidc  action  wntten  in  gigantie 
oharacters  on  the  fkce  of  Nature. 

Ceniral  Souih  America, 

Not  very  much  has  been  added  of  late  years  to  our  practical  knowledge  of  the 
hidden  depths  of  Central  l^outli  America  except  from  the  inexhaustible  mine  of 
information  possessed  by  that  eminent  geographer  Colonel  Church.  A  Brazilian 
expedition  in  1890  ;  the  explorations  of  a  commission  sent  to  investigate  the  inte- 
rior with  a  view  to  the  estaolishment  of  new  political  capital  to  Braiil  in  1892-93; 
the  discoveries  of  Dr.  Ramon  Paz  iu  1801,  and  a  chequered  jonrTier  in  the  Valley 
of  the  Orinoco  by  Stanley  Pateison  in  1887|  form  the  principal  records  of  modem 
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dayp.  There  w  doubtless  much  which  is  of  the  greatest  comraercial  and  poh*- 
tical  interest  still  to  unravel  in  connection  with  the  geography  of  the  preat  river 
basiDs  of  the  continent.  But  iu  South  America  we  are  threatened  with  perhaps  the 
RTStteft  derelopment  of  what  Imay  oill  ttrtifieialjreographj  that  the  world  has  erer 
seen.  Not  only  will  the  eowwimmation  of  the  Panama  Canal  project  change  the 
whole  system  of  our  western  sea  communicfitions,  and  probably  exercif^e  f\  more 
'  riduring  effect  on  the  world's  coniinpixre  than  even  the  Suez  connection  between 
East  and  West,  but  the  po.ssibilitics  of  linking  up  by  a  central  canal  system  the 
thne  gnat  river  baaina  ox  the  South— that  of  the  Oiinoco,  the  Amaaon,  and  the 
Plata— ia  under  aenona  oonaideration,  and  the  mere  project  will  in  itself  lead  to 
an  exhaustive  examination  of  much  untrayelled  country.  Thns,  eyen  South 
America  no  longer  offer?  a  large  field  for  the  geographical  pioneer  of  the  future. 
W  ith  ita  narrowing  areas  of  tprrn  htcoynitu  and  its  almost  phenonu  nal  advance 
towaida  a  leading  position  as  the  pastoral  and  meat-producing  quarter  of  the 
habitable  globe ;  with  poenbilitieB  of  development  in  this  partieiuar  Ime  probably 
exceedmg  thoee  of  Australia,  New  Zealand,  and  South  Africa  all  put  together, 
it  is  Burely  high  time  that  South  America  turned  her  attention  towards  a  com- 
bined and  sustained  international  etl'ort  to  place  her  scattered  and  most  in^uflicient 
geographical  aunreys  on  a  sound  geodetic  basis  extending  through  the  whole 
coothient. 

North  America^ 

In  the  geographical  fields  presented  by  North  Amerieay  as  also  b^  Anatnlia, 

magnificent  as  ore  the  opportunities  for  nrrniiring  tliat  personal  acquaintance  with 
the  great  depositions  of  nature  which  environ  new  conditions  of  life,  and  sliape 
the  course  of  human  existence  to  its  appointed  ends,  or,  in  other  words,  to  acauire 
a  geegraphical  edocation  from  original  eonrees  of  inetmction,  there  Is  but  mile 
opening  for  the  enterprise  of  the  pioneer  who  aspires  to  ahow  the  way  into  new 
field.*.  There  is  no  lack  of  native  enterprise  in  colonies  peopled  by  the  stont- 
liearted  descendanli*  of  generations  of  explorers.  Neither  Canadians  nor  Aus- 
trthana  wait  for  Kngland  to  show  them  how  to  develop  the  resources  of  their 
own  ooDQtry,  or  pilot  the  road  to  new  Tentusw.  On  tne  contrary,  we  hare  to 
taiB^  to  Canada  now  for  in-struction  in  the  higher  art  of  geographical  map- 
malrinfr,  and  to  admit  that  England  has  been  left  far  behind  in  the  aevelopment 
of  the  special  branch  of  science  which  deals  with  the  illustration  of  the  main 
features  of  geographical  coutiguration  in  relation  to  their  geological  construction. 

Africa. 

In  Africa  the  advance  of  our  knowledge  of  the  main  oiitHne  of  the  geogra- 
phical features  of  the  continent  has  been  so  rapid  tince  the  days  wlien  the  Nile 
^  first  traced  to  its  source  by  Speke  that  a  perfect  network  of  explorers'  lines 
w  tftKfel  now  embiaeea  the  continent  in  ita  meehea,  and  it  ie  only  in  the  inter- 
mediate spaces  that  room  for  enterprise  on  the  part  of  the  pioneer  i**  left,  even  if  it 
insy  not  be  said  altogether  to  have  vanished.  A  re^^rence  to  the  little  map  pub- 
KfLed  by  Mr.  Ravenstein  in  the  *  Geographical  Journal '  for  last  December  will  show 
^  u  at  once  that  the  hydrography  of  Alrica  has  been  fairly  well  traced  out  in  all 
^  ttatn  arteriee,  leaTmg  bat  few  nnexplored  apaces  of  any^  great  extent ;  and 
^bnt  nxc\\  spare.o.  where  they  occur  withm  the  area  whidi  is  eepecraUy  open  to 
^-i^lishmen,  demand  an  orpnnipod  ?T!«tem  of  exploration  more  complete  in  its 
''^Mltg,  more  carefully  balanced  in  ite  relation  to  tho  geo^rnphicnl  illuftration  of 
woje  lands  which  are  beginning  to  form  centres  of  civilisation  than  can  be  secured 
V  process  of  pioneer  route  making.  In  short,  we  want  a  system  of  geo- 
^mpbic&i  surveying  aUiad  to  those  systems  which  have  been  perfected  alter 
l^ars  of  careful  eiperiment  by  Canada,  or  Russia,  or  France,  or  Ivy  England  in 
India.  This,  however,  brings  us  into  a  field  of  technical  inquiry  of  great  import- 
•^c*,  mto  which,  so  far  as  it  deals  with  geogniphy,  i.r.,  with  the  niejisurement  of 
the  ijtrth's  surface  and  the  illustration  of  its  conliguration  by  means  of  maps, 
^IXofoss  t«  eMr  briefly  in  thia  Addiess. 
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Modem  £«quirment§  in  Geographieal  Map-making, 

Toa  wSL  agree  with  me  that  geofpraphj  in  the  abstract,  without  illmtntion — 

the  geography  which  ust^d  to  be  taught  oy  geography  books  without  maps — i«  but 
a  poor  and  inefiicieiit  branch  of  academic  kuowied^i  hardly  worthy  even  of  an 
imknt  tdiool.  It  dow  not  mmtter  what  bnindi  of  this  compnhairiTe  adenoe  yon 
approach,  whether  it  ia  hiatorical,  or  physical,  or  political,  mudern  or  ancient,  the 

only  f-tibstantinl  presentnuMit  of  the  PuhjfCt  to  man's  understanding  is  that  whicli 
htm  recourse  to  map  iiiustrntion.  Words  (ebpecially  words  bearing  such  indehnite 
applications  as  oar  modern  geographical  terminology*)  can  never  convey  to  the 
imagination  the  .same  suhstantial  iuoatimtion  as  maps  (^^nvey  to  the  eye.  Yoa 
mny  think  that  all  this  is  mere  triii?ra ;  so  it  may  be  ;  but  I  assure  you  that  what 
I  may  call  descriptive  geography,  that  is  to  say,  geography  without  the  aid  of 
maps,  has  more  than  once  nearly  precipitated  national  disaster  in  quite  modern 
timed— disaster  quite  aa  perilous  as  any  which  in  military  fields  has  been  ctoaed 
by  blank,  whoh'sale  ignorance  i)f  the  features  of  a  country  in  \n  hicli  strategic 
movements  are  undertaken.  There  comes  a  time  in  the  his-^tory  of  every  developing 
country  when  the  increase  of  its  people,  and  the  consequent  di>tnbutiun  of  land, 
denuuda  aorreys  for  the  pnrpoaee  of  fiscal  administration.  Consequently  aueh 
surveys  are  common  every  where ;  and  from  these  have  boon  built  up,  piece  by 
piece,  like  a  child's  puzzle,  the  geographical  maj«  of  many  half -occupied  lands, 
illustrating  only  such  portions  as  are  adaptable  to  economic  development,  and 
leaviog  blank  all  that  promiiied  to  be  unprodaetiTO  and  nopcofitablo. 

Field  qf  Geodety. 

It  wae  iMily  when  it  was  discovered  that  theaum  total  of  such  a  produedoB  waa 

apt  to  cause  great  confusion  in  land  assessment,  inasmuch  as  it  often  did  not  equal  the 
actual  area  of  the  land  distributed,  that  there  arose  a  f?chool  of  mathematirians  who 
concerned  themselves  with  determining  the  dimeuMons  and  figure  of  the  earth,  aud 
founded  that  apparently  oomplicatea  ayitem  of  primary  map-making  iriiidi 
now  takes  count  of  such  matters  as  the  curvature  of  the  earth's  f^nrface,  the  con- 
vergency  of  meridians,  and  other  spheroidal  problems  which  ailect  the  construc- 
tion of  the  map.  Thus  arose  '  geodesy,'  and  geodesy  has  numbered  amongst  its 
apoitiee  many  of  the  itieat^  mathematieiaaa  of  the  age.  Gtoodesy,  the  edeoee 
which  deals  with  exact  measurements,  was  never  an  embodiment  of  abstract 
mathematical  investigation.  It  had  always  a  utilitarian  side  to  it,  and  it  is  unfortu- 
nate that  this  view  of  the  science  has  been  occasionally  lost  sight  of  in  late  years. 
For  we  have  not  done  with  geodetic  inveetigation  yet.  Iklagnifioent  ea  are  the 
reanlts  obtained  by  the  mathematicians  of  the  past,  Uiere  are  still  further  refine- 
ments to  be  introduced  into  those  factors  w^hich  we  daily  use  for  the  reduction  of 
our  terrestrial  obeervationa  ere  we  obtain  perfect  mathematical  exactnaaa  (if  we 
ever  attain  it)  in  our  reenlta;  and  weatiU  must  look  to  the  ptocemee  of  geodMgr  to 
give  us  that  backbone,  that  main  aiia  of  indisputable  Talnea  from  which  oar 
network  of  triangulations  may  spread  during  the  first  steps  in  gpographical  map- 
making.  To  a  certain  extent  geodesy  ia  the  aupport  of  technical  geography,  and 
a  Ami  inquiry  into  ita  peeent  oonditiooa  of  eziatenee  may  not  be  out  of  place. 

It  is  to  North  America  that  we  must  now  turn  for  matruction  in  the  lateak 
development  of  the  science,  and  to  South  Africa  that  we  must  look  for  its  future 
application.  Russia  has  not  lost  sight  of  the  nece8sity  imposed  on  her  for  an 
extension  of  her  magni6cent  European  geodetic  sy  stem  through  the  vast  breadth 
of  her  Asiatic  possessions,  but  we  ourselves  in  India  are  concerned  nowadaya 
xather  with  scientific  observations  on  collateral  lines,  and  with  the  collating  and 
perfecting  of  the  results  attained  by  the  great  achievements  of  past  years,  than 
with  any  developments  in  fresh  fields  of  geodetic  triongulation.  Germany  and 
Franoey  ever  alert  where  colonial  interests  are  concerned,  are  busy  in  Africa,  but 
I  am  not  prepared  to  aaj  how  far  their  geogiaphical  eflforta  axe  baaed  on  the  atriet 
principles  of  geodesy. 

In  North  America,  along  the  uieridian  of  96°  through  Texas,  Kikn&asi  and 
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KebmdEa,  geodetic  triangulation  still  foms  one  of  the  most  piominent  schemes  of 
modern  work  undertaken  by  tlin  roast  and  Geodetic  Survey;  and  in  South  Africa 
there  is  growing-  northward  into  the  Transvaal  slowly,  but  we  hope  purely,  the 
framework  of  a  gigautic  arc  which  one  day  will  be  extended  by  Sir  Daviil  Gill 
from  the  Ow[»  to  Otiro. 

I  am  anxious  to  impress  on  you  that  the  RcionoM  of  geodesy  is  not  a  science  of 
the  pa.st.  It  is  still  active,  and  witli  all  its  n  linetncnts  of  minute  accuracy 
and  exact  precision  in  observation  and  in  calculation,  it  should  be  the  initial 
maioeCay,  and  it  nrast  be  the  final  court  of  appeal,  as  it  were,  fiHT.all  iJioie  leia 
rigorously  conducted  ior? eja  of  the  leoonnaiianee  and  exploration  data  whidi  we 
term  geographical. 

But  this  accurate  framework,  this  rigorously  exact  line  of  precise  values  which 
nltimatolj  beeomei  the  baekbone  of  an  otherwise  inTortebrate  msrvey  anatomy, 
ia  painfully  slow  in  ita  ptogres^^,  and  it  is  usually  haunted  by  the  bogey  of 
finance.  It  does  not  appeal  to  the  imflpfination  like  an  Antarctic  expedition, 
although  it  may  lead  to  far  more  solid  results,  and  it  generally  has  to  sue  m  forma 
jMupem  to  GoreniBMiit  for  its  support. 

Geographical  Swney, 

And  thus  it  happens  that  long  before  the  tedious  and  expensive  processes  which 
tie  intolved  in  the  term  geodetic  trianguktion  can  jtossibly  be  carried  to  an  eflbctlTe 
end  the  cry  goes  up  for  a  geographical  survey.   It  is  wanted  by  the  adminiatrator 

to  whom  it  is  all  important  that  he  should  know  the  roads  and  river  communica- 
tions, and  the  productive  areas  of  the  land  he  has  to  administer,  and  be  able  to 
locate  the  Tarioos  tribal  sections  or  peoples  with  whom  he  has  to  deal.  In  the 
political  department  a  geographical  map  maybe  said  to  be  absolutely  necessary  for 
the  political  purpose  of  defining  limits  and  boundaries.  It  has  been,  I  am  aware, 
occasionally  dispensed  with,  but  never  with  satisfactory  results.  To  the  officer  on 
whom  rests  the  responsibility  of  preserving  peace  and  good  order  it  is  most 
desirable  that  the  military  features  should  be  fiurly  represented  in  such  a  manner 
that  at  least  a  general  plan  of  action  can  he  arranged  at  short  notice.  For  the 
economic  development  of  the  country  it  cannot  be  too  strontrly  urp:ed  that  a  general 
geographical  outline  of  its  surface  is  iudispen.-^able  to  the  selection  of  lilies  for 
apeoal  technical  examination,  whethor  for  roads,  railways,  canals,  or  telegraphs. 
How  often  lately  in  the  history  of  our  colonial  or  frontier  progress  have  vast 
sums  been  expended  on  special  lines  of  railway  in  ignorance  of  the  fact  that 
better  alignments  of  infinitely  less  physical  difficulty  would  have  been  at  once 
revealed  by  a  general  geographical  map  eren  on  the  smallest  scale?  In  short, 
the  cheapest,  the  quickest,  the  surest,  indeed  the  only  satisfactory  method  of 
regulating  the  progression  of  public  works,  the  development  of  commerce,  the 
proper  recognition  of  the  frontier  boundaries,  the  administration  of  justice,  and  the 
military  control  of  a  large  and  growing  colony,  or  of  a  long  stretch  of  military 
frontier,  is  to  be  aimed  with  a  perftet  summary  of  what  that  country  contains  in 
the  ^hape  of  a  geographical  map ;  and  yet  it  is  only  miite  lately  that  this  fact 
has  been  recognised  by  English  administrators  and  English  generals  in  their 
dealings  with  new  colonise  ud  new  frontiera,  Rusna  learnt  tiie  lesson  a  genera- 
tion ago  at  least.  When  she  reached  out  a  hand  for  Constantincpla  her  army 
was  accompanied  across  the  Balkans  by  whole  companien  (>f  surveyors,  who  worked 
on  no  sketchy  system  of  indicating  lines  of  route  here  and  there.  They  pushed  at 
least  aeren  aeries  of  triangulation  across  tiie  mountains,  and  on  thataa  a  DMfo  they 
mapped  the  whole  country  in  detail  on  a  good  military  scale  (about  an  inch  per 
mile)  right  up  to  the  very  gates  of  the  Turkish  capital.  For  years  her  brigade 
of  topocn-aphers  has  been  busy  along  her  Afghan  and  Siberian  frontiers.  In 
Persia,  Baluchistan,  the  Pamirs,  and  China,  wherever  in  fact  there  may  be  in  the 
fhtnze  some  prospective  view  of  a  doaar  political,  commercial,  or  military  interest 
than  exists  at  present,  there  they  are  to  be  found.  France  has  always  been 
rtrong  in  the  geographical  field,  and  the  late  achievements  of  Frenchmen  in  the 
world  of  exploration  and  of  exploratory  map-making  arc  only  equalled  by  the 
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BcientiGc  knowledge  and  literary  ability  displayed  in  their  technical  literatiixe  on 
the  Bul»iMcr.  Colonel  LRuss<>dtitV  contribution  to  the  *  History  of  Topopraphy  *  is 
to  be  reckoned  with  as  a  :itaudard  work.  In  Canada  and  2tiorth  An^erics  we  havo 
perhaps  a  practical  expontion  of  tbe  art  of  geographical  mrveyiDg  wbicli  is  *a  un- 
equalled in  completaneaa  and  comprehenBiveness  rs  the  coontiy  wilJi  'vriii^  it  haa 
to  deal  18  u!ie-|iiall''d  as  a  subject  lor  its  applicatiofi.  There  the  close  association 
between  geoic^iciil  t^tructuro  and  geographical  coni'ormatiou  is  so  fully  reoognited 
that  the  same  technical  process  of  snr?ey  uig  is  applied  for  the  purpose  of  the  doaUa 
illustration.  Tlie  Canadian  geological*  survey  is  their  geographical  survey,  And 
I  tliink  that  it  is  to  Canada  (if  not  to  India)  that  we  owe  the  first  recognition  of 
the  .fact  that  geographical  surveying  is  a  separate,  distiiict,  and  most  important 
branch  of  the  general  art,  which  should  form  the  basis — ^the  mother  surrey  as  it 
were — from  which  all  other  surveys  should  spring.  In  Lidia  I  am  happy  to 
think  that  thig  advance  in  the  science  of  p-eo^rpiphy  is  now  well  understood.  It 
has  been  more  or  less  forced  on  us  by  the  necessity  for  such  rapid  and  comprehen- 
sive surveys  as  are  required  for  frontier  military  operations,  for  the  purposes  of 
boundary  demarcation,  and  for  the  important  duty  of  keeping  our  own  traM- 
frontier  information  up  to  the  level  of  that  of  our  neifrhbours.  In  our  'African 
colonies  it  litis,  alas!  be«»n  discovered  a  little  too  late  that  g^eograph ical 
surveys  are  a  sound  preliminary  to  military  operations,  but  the  discovery 
once  .made  it  is  not  likely  to  be  overlooked.  Here,  indeed,  was  presented 
a  most  forcible  illustration  of  the  danger  of  building  up  a  geographical  puzzle 
map;  of  piling  one  on  in  uaother  the  results  of  local  fiscal  surveys  in  the  hope 
that  when  they  were  all  put  together  thev  might  make  a  good  topographical  guide 
to  the  coantr^.  Needless  to  say  the  resuh  was  disastrous  from  the  scientific  poiitt 
of  view,  and  it  mi^rlit  almost  be  said  of  it  that  it  was  disastrous  from  the  military 
point  of  view  as  well.  Ima'^ine  for  an  instant  that  the  Canadian  system  of  a 
geological  survey  (involving  of  course  accurate  topography)  had  been  applied 
ab  initio  to  South  Africa,  who  can  possiblv  say  what  the  result  might  not  nnve 
been  by  this  time  ?  The  expansion  of  the  Uandt  mines,  for  example,  depends  at 
present  on  local  experiment  carried  out  no  doubt  by  most  able  engineers  with  all 
the  knowledge  of  scieuti&c  mining  that  is  to  be  acauired  in  these  days  of  advanced, 
spedalisni.  But  all  the  same  I  majr  be  permittea  to  suggest  that  their  experi* 
meotal  venture.^,  their  tentative  borintrs,  are  subject  to  a  good  deal  that  is  almost 
guess  work  for  their  application,  and  that  a  comprehensive,  cnrefully  conducted 
geological  survey  of  the  whole  country  would  probably  have  afforded  valu&Ue 
indications  in  many  unexpected  directions.  Bo  also  as  ngaids  schemes  for 
local  irrigation.  Take  the  north-western  part  of  Gape  Gcdon^,  for  instance,  the 
district  known  as  the  Karoo,  where  the  best  military  map  exi^iting  at  the  time  of 
the  war  did  not  even  pretend  to  show  the  main  roads  through  the  country.  The 
stage  of  development  at  wlueh  that  pait  of  the  colony  has  arrived  in  the  all? 
important  matter  of  local  irrigation  is  only  worthy  of  the  Dark  Ages.  It  woidd 
be  lauglied  at  in  Persia  or  Aftrhani'<tan.  The  Arabs  of  mediceval  times  were 
experts  in  the  art  of  the  conservancy  and  distribution  of  water  in  dry  lands  com- 
pared to  the  modern  South  Aficican  (or  South  .American)  farmer.  Now  I  do  not  say 
that  schemes  for  meroly  local  irrigation  require  geographical  maps  to  support  them. 
Such  schemes  only  re  jnire  a  little  enter^irise,  a  little  common  sense,  and  a  little 
capital,  but  I  do  say  that  the  geographical  map  would  long  ago  have  revealed  the 
opportunity  for  comprehensive  schemes,  such  as  exist  in  India,  just  as  it  would  have 
pomted  out  the  best  alignment  for  roads  and  railways,  the  best  means  for  dealing 
with  an  enemy  who  can  move  fifty  miles  in  a  night,  and  who  can  make,  not  merely 
a  few  square  miles,  but  a  whole  district  the  theatre  of  his  operations.  What  was 
wanted  (and  is  still  wanted)  in  South  Africa  is  what  is  wanted  ineveiy  part  of  the 
continent  subject  to  British  suzerainty.  I  hnow  that  I  am  but  echoing  the  urgent 
demand  whicli  has  been  made  by  every  commis^iioiier  and  governor  within  the 
limits  of  that  vast  area— not  for  elaborate  or  special  maps  for  fiscal  and  revenue 
purposes,  uU  of  which  will  come  in  due  time — but  for  scieutiQc  geography  which 
shaU  now  take  the  place  of  the  preliminary  work  of  pioneer  exploren^  and  dsal 
with  the  eountiy  as  a  whole  instead  of  tracing  it  in  outlinee  and  in  dqjoiirted 
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parU.     In  short  thi-y  nvjuiro   all  paps  filled  up.     They  want  to  know 
what  the  country  contains  in  the  way  of  forests,  of  open  land  suitable  for 
agriculture,  of  desert  and  swamp,  of  opportunities  for  roads  and  railwa^ra,  for 
tSi^raphs  and  ifRgatioDi  before  deciding  on  the  right  potitton  for  tiie  centre  of 
an  •rteml  fysfeem  of  public  works  which  shall  pervade  in  natural  and  orderly 
sequence,  and  in  due  time,  every  part  of  the  body  of  the  country  of  their 
administratioD.    Now  this  is  scientific  geography.    It  is  not  ordnance  map- 
mftkii^  nor  tnything  venr  much  like  it.  It  ia  a  oompuatiTely  new  demand  on 
the  scientific  resources  of  Eoglandy  Mid  tlioae  naouioea  aie      no  means  equal  to 
the  demand.    Before  con>»iderin2'  resources,  however,  we  must   look   to  the 
scientific  means  to  this  geoffruphicai  end.   I  have  already  referred  briefly  to  the 
subject  of  geodesy,  ana  I  nave  told  yon  that  what  ia  termed  geodetic  tnangula- 
tion  ia  a  fonction  of  high  scientific  order,  demanding  not  only  minute  and  paiua- 
taking  care  on  the  part  of  an  able  staff  of  observers,  but  very  considerable  time 
and  very  considerable  expense  to  carry  it  to  a  satisfactory  issue.    I  have  also 
pointed  out  that  inasmuch  as  the  exact  distribution  into  parts  of  any  large  space 
of  the  world's  area  must  ultimately  depend  on  the  exact  measurementa  wnich  are 
a  function  of  oidy  the  highest  class  of  geodrtic  triangulation,  we  must  look 
finally  to  geodesy  to  support  the  framework  of  our  geography  and  to  give  it 
its  rightful  place  in  the  great  total  of  the  world's  mapping.    But  the  demand  for 
giaographkatl  mapping  is  not  satisfied  with  the  promise  of  an  eUborata  baua  to 
ibo  work  which  has  first  to  be  const  rupted  with  the  expenditure  of  much  time  and 
ni onoy  before  anything  in  the  nature  of  a  final  map  can  be  produced  for  purposes 
of  admiuibt ration.    The  political  world,  loo,  cannot  always  sit  patiently  through 
aD  the  international  disagreements,  the  losses,  the  nnrest,aiid  the  poaitive  national 
danger  to  which  an  unsettled  boundary  gives  rise,  whilst  the  geodesist  Works 
slowly  through  the  country  year  after  year,  piling  up  sheaves  of  equations  and 
folios  of  observations,  but  never  a  sauare  mile  of  practical  topograpny.   As  for 
tbe  military  department  I  hardly  know  what  to  aay.  Xhete  ia  the  example 
before  us  of  Germans,  Russians,  French,  and  Americans,  all  oondueting  their 
campaigns  with  maps  in  their  handfi,  taking  every  special  means  at  their 
command  in  order  to  acquire  such  maps  before  they  commence  operations ;  whilst 
tbe  Boers  bave  foogbt  ua  to  tbe  bitter  end  with  a^  practical  Knowledge  of  the 
00untr>'  wh'u  h  is  even  better  than  maps,  and  which  is  exactly  that  class  of 
knowledge  which  mapa  aro  aupposed  to  replace  or  aupplement.  None  of  them 
wait  for  (<eodesT. 

Gartainlr  the  attitude  of  tba  military  department  ia  not  one  of  neutrality. 
They  would  like  the  mapa,  they  are  even  anxious  to  get  them,  but  they  are  not 

quite  certain  that  they  aro  worth  paying  for.  However  that  may  be,  I  can  only 
express  my  own  conviction  that  geographical  mapping  will  be  found  to  be  an 
urgent  necessity  in  every  comer  of  tbe  unmapped  world  subject  to  British  iuiluence. 
We  would  like  to  wait  for  those  accurate  determinationa  of  geodesy  which  would 
at  once  furnish  us  with  the  best  of  all  possible  means  for  commencing  a  compre- 
hensive geographical  survey.  But  we  cannot  afford  to  wait,  and  the  great 
geographical  problem  of  tbe  age  is  how  to  reverse  the  natural  sequence  of  scientific 
piQcedore  ana  to  obtain  maps  of  the  vnmapped  world  which  no  subsequent  geodetic 
operations  .^hall  condemn  as  inaccurate.  It  is  not  a  question  of  expediency;  it 
has  been  one  of  necessity  for  many  years  past ;  and  inasmuch  as  necessity  is  the 
mother  of  invention,  I  think  that  it  will  finally  be  conceded  that  means  have  been 
found  for  ensuring  sufficient  accuracy  in  geographical  work  to  render  it  capable  <^ 
enduring  the  subsequent  tests  of  completed  geodetic  measurement  without  dis- 
location and  without  interference  with  the  general  utility  of  the  maps,  e9«a  if  that 
accuracy  be  not  scientifically  perfect. 

It  ia  not  my  intention  to  bore  yon  with  technical  details.  I  only  wish  to 
impress  upon  you  that  in  the  field  of  scientific  geography,  aa  In  other  fields, '  the 
oI<l  order  changeth.'  We  must  work  on  new  principlea  ia  order  to  meet  new 
demands. 
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27«0    ih6  Telegraph  in  Geography, 

One  of  the  chief  meens  to  this  end  is  the  telegniph.  Few  people  apprecutotli 
inporfaat  r61e  which  is  pkyed  by  the  telegraph  in  these  days  in  tke  idd  df 
Ijreo^raphy.  It  was  not  bo  very  lonj^  ag'o  that  the  first  step  towards  regeDeni^ 
a  natural  wilderne^'s,  or  for  securiiifr  access  to  new  commercial  opt^nlni:?  >rc-:!!3 
of  uncif  itised  population  was  held  lo  be  the  construction  of  road^  acd  outijv 
Meeas  of  pbysieu  aooess  was  the  first  step  towards  the  devekypmnit  of  s  eoatrf 
whidi  was  regarded  as  unenlightened  from  the  standpoint  of  European  dfflalin 
It  18  80  no  longer,  for  the  tele<rraph  often  threads  its  way  through  many* drew 
waste  of  unpeopled  earth,  uucoiling  its  length  for  hundreds  of  miles  in  adnna-x' 
any  railway,  or  indeed  of  any  road,  which  can  in  the  ordinary  sense  of  tse  twi 
he  deseribed  as  a  eonatmetMl  road.  I  will  give  you  an  iUustratun.  (k  iht 
Patagonian  pampas  not  SO  very  long  ago^  in  uie  midst  of  a  wide  iMamd 
snow,  after  losing  our  way  in  a  blinding  snowstorm  and  camping  on  our  tncb 
for  the  nipht,  we  struck  the  end  of  the  telegraph  line  which  is  uow  hf'ins  paibtd 
across  Patagonia,  and  which  will  eventually  connect  the  Atlantic  with  the  Pidk 
We  bad  seen  no  roads  whatever  for  a  great  part  of  the  di^umce  we  had  tfiTsnL 
Our  daily  procedure  was  the  simple  proeen  of  foUowiug  a  guide  over  tbe  {Bail- 
able stretches  of  bush-covered  uplands  which  reach  down  from  the  eutem  foot  of 
the  Andes  in  jrentle  grade-*  to  the  Atlantic  shore ;  and  when  we  did  tt  Itst  fcU 
in  with  tlie  fjreat  central  line  of  trans-continental  communication  found  it  to 
consist  uf  the  wheol-marks  uf  certain  previous  waggons  which  had  drilMd  &lo&^^ 
that  way,  a  sort  of  mad  which  it  was  exiseeduigly  easy  to  lose  in  the  ftduf  fink* 
of  a  stormy  winter's  day.  On  this  road  there  was  nothmgp  Iwt  a  tel^{A  esd 
and  the  tents  of  n  few  telegraph  officials,  and  we  were  some  150  miki  frc^i 
our  destination  on  the  Atlantic  coast.  And  so  it  happened  that  after  wM* 
of  absence  from  any  means  of  communication  with  the  outside  world  wt 
were  thus  suddenly  put  in  possesion  oi  its  very  latest  news;  and  the  TefrfinC 
uesssge  that  paesea  from  the  end  of  that  line  into  my  haxids  waitheBBM^ 
of  peace  with  South  Africa,  signed  an  hour  or  two  previously.  I  sc^^ 
that  message  as  a  happy  omen  for  the  result  of  our  Patap-oTiifln  missioiL  Ad 
thenceforward  (thanks  to  the  courtesy  of  the  telotrraph  chie^f  at  Buenos  Ajwj 
nightly  as  we  sat  in  the  snow  wo  read  all  that  was  important  from  tbe  lyjmJia 
evening  papers  of  that  self-same  day.  We  were  not  starrii^  by  any  towa,  ^' 
had  we  wanted  a  loaf  of  bread  in  that  unbroken  stretch  of  snow-eorerad  biiUied 
we  certainly  could  Tint  have  got  it;  whilst  here  wa<*  infonnation  tlowingia^^ 
a  daily  eiv^''  and  regularity  that  I  greatly  missed  when  once  a^ain  I  wi^wittta 
reach  of  clubs  and  civilisation.  The  importance  of  tel^aphs  in  tbe  fiei>i  of 
geography,  howsTer,  is  not  confined  to  the  traoefer  of  news  to  c«msl  ttiwBg 
It  is  the  facility  which  it  places  in  the  hands  of  the  geographer  for  detoaoMf 
bis  position  in  longitude  that  render.*  it  so  important  a  factor  in  the  pro«cut!f« 
of  a  geographical  survey.  Everyone  Imows  that  the  first  duty  of  a  geographer  >j 
to  discover  his  latitude  and  his  longitude.  Hitherto  the  determination  of  tk? 
first  has  been  a  matter  of  no  great  uncertainty ,  but,  as  regards  tbe  latter,  oi»c0 
only  say  that  the  confidence  expressed  by  most  explorers  in  the  resoluof  thsr 
observations  has  never  been  justified  by  the  final  verdict  of  subsequent  ieif> 
mination.  Tt  i^.  in  truth,  most  difficult  even  for  the  most  practised  obBerreiW 
obtain  an  absolute  value  in  longitude  on  which  he  can  rely  within  such  limit** 
accuracy  as  are  essential  to  the  constructitm  of  a  map  where  these  valued ie>*^ 
he  employed  differentially.  ^  The  telegrapli  places  in  our  hands  the  bmh  « 
differential  determinations  within  a  degree  of  exactness  that  surpasses  even  tiit 
of  the  most  careful  determination  of  latitude  ;  and  the  telegrapli 
wliere.  Supplementary  to  the  facilitie.-^  of  time-^iii^nallinfr  by  telegraph  i«  ^* 
wonderful  accuracy  of  graduation  introduced  inio  the  smaller  class«  ^ 
instmmenta  which  in  these  days  replsce  the  cumberaome  equipment  of  v 
Ijast.  With  a  small  6-incb  theodolite  fitted  with  a  complete  vertictd  circle 
time  values  can  be  determined  within  a  fraction  of  a  second,  w<J  ''-^^^ 
Talues  to  within  two  seconds  of  arc,  alwaya  proTided  that  that  gnit 
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be  astronomical  geographer,  level  detiectioD,  does  not  interfere  with  his  results. 
Bat  tba  laino  ninate  locnracy  in  gradnaftum  which  has  m>  improred  the  ordinary 
ittlo  liMtniments  which  yoa  'find  iu  the  hands  of  the  profesaiiHiil  geographer  has, 
when  combined  with  new  methods  for  arourate  linear  mossurement,  also  placed 
t  in  his  power  to  Cf\rry  (mt  a  fairly  coherent  and  systematic  triangulation  with 
;reat  rapidity  and  accuracy  over  large  areas  of  country  whenever  the  coutigura* 
tloii  ana  diafaeterialiai  of  that  country  are  favouraUe.  Uaually  they  are  favour- 
khto.  Large  expaiiMa  of  flat  desert,  of  undulating  veldt  or  of  unbroken  forest 
are  the  exception,  not  the  rule,  and  they  must  of  course  be  dealt  with  as  their 
special  p<*culiarities  demand;  and  for  tlie  normal  conditions  of  land  configuration, 
trivt-n  that  the  explorer  is  specially  cureful  alx^ut  his  base  measurements  and  liis 
liiiu&l  data,  he  can  certainlv  with  modern  instruments  and  the  facilities  fur  check 
given  bim  hytiie  teli(BrvaDli,  carry  on  a  mpid  and  compreheodTe  geographiod 
surrey  whkJi  will  fiilfil  all  the  conditiona  xeonired  by  the  administrator,  econo- 
mist, political  geographer,  or  military  commnnaer  within  such  limits  of  accuracy 
as  will  eiiaure  its  standing  all  the  subsequent  tests  that  geodesy  may  apply  without 
any  apparent  map  dislocation.  And  practically  that  is  all  that  is  wanted  for  a 
flnt  aiap.  I  have  naed  the  word  *  ranidly.'  Few  people  (even  tdentific 
geogcaplMn)|haTe  really  grasped  the  full  meaning  of  the  term  as  applied  to 
surveys  on  geographical  scales  (i.e.,  1 :  250000.  or  about  four  miles  to  the  inch,  or  leas) 
under  normal  conditions.  Such  surveys  can  be  completed  quite  as  fast  as  an  army 
can  advance  in  the  field,  even  granting  that  the  advance  is  continuous.  They  can 
even  to  a  certain  extent  precede  that  advance  in  face  of  an  enemy.  A  single 
triangulator  with  a  itaff  of  two  or  three  topographers  in  a  fairly  faTourahle 
eoontty  will  be  responsible  for  an  outturn  which  may  be  counted  by  hundreds  of 
square  miles  per  day.  The  records  of  both  Americnn  and  Canadian  surveys  will 
prove  that  the  marvellous  progress  made  in  the  frontier  reconnaissance  surveys  of 
India  id  nothing  abnormal  or  unexpected. 

necessity  for  2^ raining  Schools, 

Sv3  far  1  have  spoken  about  the  system  only,  a  system  which  has  been  nearly 
yH-rlected  by  experiments  in  Canada,  Hussia,  India,  and  elsewhere.    Now  we  have 
to  turn  from  tlie  work  to  the  workmen.   It  is  only  lately,  quite  lately,  that 
England  haa  diieoveied  that  aneh  wnrknen  aie  wanted  at  aU.  Five  or  aix  yeara 
a^o  there  was  not  a  topographer  nor  a  topographical  school  in  England.   But  the 
demand  during  late  years  has  been  insistent  and  constant,  with  the  result,  I  am 
glad  to  say,  that  etlbrts  have  been  made  in  various  directions  to  start  U)pograpliical 
schools,  and  a  distinct  change  is  apuaient  in  our  methods  of  instruction  at 
nuHtafy  headquartera.   No  pimly  tecnnical  central  dvil  schools  such  as  exist  ou 
the  Continent  ate  to  be  found  in  £nglandr  and  the  natural  result  is  that  at  present 
Fjjgland  possesses  no  fiuished  topogrnphers  and  not  many  men  who  know  what  is 
meant  by  a  geographical  survey.    In  the  wilds  of  Tutagonia  (which  is,  I  must 
premise,  a  country  beset  with  special  climatic  ditiiculties,  but  not  otherwise  one 
unsuiuble  to  the  topographer's  art)  X  met  man^  men  of  great  intelligence  and 
aseeptional  dill  who  bsd  hesn  gathered  from  Tarioua  quarters  for  the  purpose  of 
topognpby.  Ibeie  were  Italians,  Argentines,  Germans,  French, and  Swiss,  but  not 
an  Englishman  amongst  them.  Russians  of  the  type  of  my  old  and  unforpotten  friend 
Henderski  have  lonp  been  famous  for  their  skill;  but  although  I'lnyiish  administra- 
tors and  soldiers  are  alike  crying  out  for  more  and  better  assiijtaiice  in  the  active 
flsid  of  topography  they  cannot  get  it  from  England.  The  establishment  of  a 
Khool  of  pnctaeal  geography  snch  as  must  eventually  gfuarantee  the  existence  of 
a  military  topographical  corps  would  be  a  matter  of  congratulation  deserving  to 
be  noted  as  an  important  step  in  the  advance  of  the  geographical  education  of  the 
coantzy,  no  less  tnan  the  school  at  Oxford  which  deals  more  directly  with  civil 
jnteissts,  and  is  rightly  most  oonceined  with  the  academic  aspects  of  geographical 
iMtmoSion.  Even  this,  however,  is  hardly  sufficient.   I  am  convinced  that  the 
recommendation  which  arose  from  certain  resolutions  found  in  the  Geographical 
Seetioii  of  the  ficitiah  A«OGiatioa  Meeting  at  Bradford  two  years  ago  in  £svour  of 
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tlie  employiiieiit  of  ofttives  in  Afrioa  fiyr  AfKean  work,  jntt  M  Indlaa  nativM  m 

employed  in  India,  is  thoroughly  sound.  Wh  want  ^schools  in  Africa  a^  well  as 
in  Enpland.  Only  in  tliis  way  will  the  vast  area,s  still  nnmapppd  in  our  African 
protectorates  be  dealt  with  at  roasonable  cost  and  in  a  reasonable  space  of  time. 

Pfioto-fopography. 

Ct  rtain  developments  in  tho  prat'tical  field  of  geography  have  lately  been 
brought  to  the  test  of  continued  experimental  application,  and  the  progress  of  the«e 
expttrimento  deserves  a  j)a8sing  record.  Notably  the  appUeation  of  photomphy  to 
purpnpps  of  prpofrrnplneal  illustration  has  receiveil  iiiim('n=e  impetus  fmm  the 
apparent  facility  witli  which  the  experimental  media  can  be  handled,    lii  favour 
of  the  haphazard  lanti.Hoa|>e  illu.strations  Nvith  which  we  are  usually  deluded  bj 
trsveUen  there  is  little  to  be  said.   They  are  fkr  more  firequently  iliiUftoatiODB  of 
the  personal  prnfrn  ??!  nf  tl'.e  aiitlior  than  of  the  general  cliaracter  nf  the  country 
he  progressed  through.    Neither  is  ther<>  much  more  to  commend  in  photographs 
designed  to  reproduce  geological  or  tectonic  features,  glacial  configuration,  special 
orographical  eonditione,  or  the  Uke  mUeee  the  position  of  them  and  the  diiwtixai 
of  the  line  of  sight  from  the  point  of  view  are  vnry  clearly  indicated  on  a  corre- 
sponding map.    At  the  best  they  are  apt  to  be  deceptive,  for  the  reason  that  thej 
can  but  deal  with  one  side  of  a  subject  and  with  only  a  partial  view  of  the  parti- 
cular feature  they  represent.  Ereryone  knows  that  an  appaient  range,  or  efrea  m 
system  of  ranges^of  mountains  may  be  nothing  but  the  revetmnent  of  alu^h  platoaw 
or  tableland  ;  but  the  photograph  of  such  a  mnuntain  system  will  give  no  indication 
of  the  plateau  beyond  theraugc  which  can  mdeed  only  be  determined  by  a  survey, 
and  properly  illustrated  hj  a  map.    I  need  hardly  say  that  a  topographieal 
delineation  of  ground  derived  from  observations  made  by  thaaid  of  pooiognKpliy 
demands  as  much  technical  skill  on  the  part  of  the  topographer  and  as  much 
systematic  application  of  the  ut^e  of  instruments  as  any  otoer  survey.    It  must  be 
a  combination  of  carefol  triangulatioo  and  ddlM  plane-tabUng  precisely  as  is  the 
product  of  a  topographical  survey.    It  demands,  if  anythiD|^,  move  special  train- 
mg  and  a  more  elaborate  method  of  procedure  than  does  ordinary  survey.    So  Cir 
as  the  results  of  experiments  made  over  suitable  fields  in  Canada  can  teach  us,  the 
verdict  is  in  favour  of  the  process  only  under  certain  conditions  of  light  and 
climate  when  it  is  desirable  to  obtain  a  record  of  observations  in  as  short  a  spaea 
of  time  as  possible,  either  in  high  altitudes,  when  passing  clouds  afford  but  a 
fleeting  view  of  the  landscape,  or  in  low-lying  districts,  where  active  tribal  hostility 
in  the  field  or  some  similar  condition  renders  it  desirable  to  curtail  operations  as 
mndi  as  possible.     I'nder  all  other  ordinary  conditions  it  is  mstntaiDed  by 
Canadian  surveyors  that  although  both  time  nnd  labour  may  be  saved  on  the  field 
operations,  the  re.«iulting  map  can  never  attuin  the  same  standard  of  accuracy  in 
detail  that  distinguishes  good  topographical  illustration  uf  the  usual  variety  of 
natural  ftatnres.   1  am,  or  course,  now  speaking  of  geographical  survwyiny  as  «■ 
art,  not  of  mere  geofrraphic-Al  exphiifatinn.    In  the  latt»'r  cnse  doubtless  every 
tTaveller  who  can  'pull  the  striiii: '  in  lhe.st>  days  can  add  immensely  to  the  pei- 
soiial  interest  of  his  journeys  by  his  illustrations  of  them.    But  I  would  earnestly 
impress  upon  aU  traveHevs  that  if  they  desire  those  illnstnttons  to  be  of  aay  use 
for  geographical  compilation  it  is  absolutely  necessary  to  know  tte  point  fiom 
whicn  uey  were  taken  and  the  direction  of  the  view. 

Barometric  Records. 

Once  again  too  would  I  warn  travellers  of  the  utter  uncertainty  of  all  classes 
of  barometric  determinat  ions  for  altitude.  Very  little  has  been  done  in  recent 
years  towaxds  improving  instruments  of  the  harmnetric  class,  and  meteonikfieal 
science  has  not  yet  taught  us  how  to  <leal  witli  the  constant  variationa  in  air 
pressure  produced  over  local  areas  by  changeable  weather.  There  are  some 
countries  where  barometric  records  can  hardly  be  regarded  as  offering  a  cliae  eren 
to  differential  heighta.  It  fltanot  he  too  oAn  Inriitad  €tt  that  thft  ort^ 
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of  the  iBlattve  hsiriits  of  monntaiB  peaks  and  of  the  loea)  Talne  of  fefttetioii  tij 
muans  of  the  tiieodoiite  is  as  mudi  toe  duty  of  the  triangulator  aa  h  the  fixing  of 

tlio.«!e  peaks  in  position  for  the  use  of  the  topographer.  From  those  again  the 
altitude  of  positions  in  the  plains  can  be  safely  determined  by  small  instrument^ 
of  the  dinometer  daaa  witoout  leaorting  to  the  harometer  at  all,  aJthoush  it  may 
ptiU  be  netxBaaxy  to  atctttain  the  Tidue  of  one  initial  (or  final)  point  which  must  be 
determined  by  many  observations  sprend  over  a  considerable  length  of  time  and 
synchronous  with  another  set  of  oU«rvations  determined  at  sea,  or  some  already 
Imown,  level.  Thla  of  coune  urill  oceur  only  when  a  new  geographical  MM  la 
opened  up  to  anrvey  at  10010  diatanoe  fiom  the  sea. 

Umventd  Mappwff, 

It  will  be  lemembeied  that  a  ooheme  wae  aei  afloat  aome  yean  ago  by  Br. 

Penok,  the  eminent  Cicrman  ^^grapher,  for  the  mapping  of  the  whole  world  on 
the  scale  of  one-millionth,  which  is  very  nearly  equivalent  to  the  scale  of  sixteen 
miles  to  one  inch.  .Subtitautial  progress  has  now  been  made  in  support  of  this 
aohenie  by  EngUah  map-makers,  especially  ui  Indta»  where  all  the  tiana>border 
eoimtriea  which  have  faUen  geographieally  into  the  hands  of  Indian  surveyors  are 
now  being  mapped  on  this  scale.  In  the  commencement  of  all  great  colonial 
survey  schemes  it  is  much  to  be  hoped  that  this  project  for  one  homogeneous  and 
QaiveiiMl  nap  will  not  be  loit  aight  of. 

Map  SpeUinff, 

I  wish  that  we  were  aa  well  on  the  way  towarda  homogeneity  in  spelling  aa 
w*  are  in  scale  ;  but  it  is  much  to  be  feared  that  arbitrary  rules  will  have  to  be 
applied  to  so  many  special  localities  that  no  universal  system  is  ever  likely  to  be 
adopted.  The  further  that  exact  geography  extends  the  more  difficult  becomes 
thia  problem,  until  at  laat  we  aball  probably  arriTo  at  the  eonduaioos  adopted  long 
ugo  by  thB  Government  of  India,  and  oonnder  it  best  to  lay  down  by  order  an 
arbitrary  list  of  prominent  names,  and  mle  tliut  the  spelling  of  them  shall  bo 
maintained  as  in  thia  list  in  all  Govennnent  records  and  maps.  Scientists  may 
disagree,  but  after  all  it  aeema  the  only  practical  way  out  of  the  oanMoB  tha^ 
ezialB  at  pnaent. 

J^orfumologff, 

There  is  yet  another  subject  of  world-wide  interest  to  the  geographical  student 
eaually  with  the  practical  ge<^p«pher  which  requires  something  (tf  the  erudition 
01  the  philological  scholar  to  be  brought  to  bear  upon  it  in  order  to  arrive  at  a 
fiatisfactory  issue.  I  refer  to  the  subject  of  geopraphical  terminology.  It  may 
seem  an  easy  thing  to  be  satisfied  with  such  general  definitions  as  are  involved  in 
the  terma  'range  of  moontaina,'  'ooatt  linea,'  'main  channels,'  'watersheds^' 
'  slopes,' '  affluents,'  and  the  like ;  but  when  these  terms,  and  texnssimilar  to  them, 
are  employed  in  international  agreements  and  treaties,  carrying  with  them  the 
necessity  for  identifying  on  the  face  of  nature  the  feature  which  corresponds 
to  the  term  employed,  there  ia  alwaya  to  be  found  room  for  discussion  aa  to 
what  its  exact  meaning  may  be.  For  the  variationa  of  nature  are  infinite,  and 
no  two  features  clap.^ified  under  tlie  same  generic  name  are  alike.  "Were  I  to 
give  you  examples  of  only  a  few  of  the  geographical  expressions  which,  carelessly 
used,  have  led  up  to  seiious  mtemational  diaagreementa  you  would,  I  am 
assured,  agree  with  me  that  it  is  high  time  that  geographers  all  the  world  over 
came  to  «ome  definite  iimlor'^tanding  about  the  meaning  of  geographical  terms. 
To  take  an  instance.  What  is  a  'range'  or  a 'main  range'  of  mountains? 
Where  doea  it  begin  P  Where  does  it  mf  How  lar  does  the  term  involve 
geological  structure  ?  When  a  oontuiuous  line  of  similar  structure  is  split  across 
the  axis  of  it,  does  it  become  two  ranges  or  does  it  remain  one  and  the  same 
range  ?  Or,  again,  what  is  '  tlie  foot  of  the  hills'?  Is  it  where  the  steep  slopes 
end  and  the  talus  or  gentle  gradients  of  its  detritus  commenoe^  or  must  you  follow 
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tlio  latter  down  to  the  ne&rest  watercourse  ?  If  you  talk  of  the  coast  line  of 
Western  Patagonia  or  of  Norway  do  you  inrlude  such  headlands  as  are  connected 
with  the  mainland  ai  low  water,  and  exclude  the  islands^  or  do  you  mean  the 
cowt  line  of  both  P  What  is  the  main  ehaimol  of  a  river  ?  Is  it  where  the 
flowing  water  scours  deepest  from  time  to  time,  or  is  it  a  fixture  amoncr^t  a 
score  of  minor  channels  tliat  shift  and  change  ?  Perfect  definition  is  of  course 
hopeless,  it  is  not  in  the  power  of  man  to  deal  with  all  the  infinite  variations 
of  geographicil  Umtm  and  to  danify  them  at  he  would  apeeinieiu  of  botanical 
origin  or  of  natural  history.  But  we  might  arrive  at  a  much  more  satisfactory 
dictionary  of  geographical  terms  in  our  own  language  than  at  present  exists^ 
and  we  might  offer  that  dictionary  to  the  geographers  of  the  world  at  large  and 
my,  'flara  wa  have  at  leaat  codeavoviad  to  axplam  our  meantoi^  whan  wo  nako 
use  of  gaographical  expressions.  This  is  what  is  taught  in  our  schools  as  the 
best  means  of  translatmg  the  general  idea  into  a  distinct  inentnl  conception  of 
natural  features;  and  in  future  when  we  use  these  terms  you  wiU  know  on  the 
bait  antlMHrtty  that  EngUind  can  produoe  what  it  it  that  wa  maan  by  theas.' 
Than  poMtbly  imrtmid  of  having  to  turn  to  Gannany  and  France  for  assistance 
in  expresffing  ourselves  clearly  when  drawing  up  legal  documents  dealing  with 
geographical  conditions,  we  may  find  the  Knglish  language  become  the  standard 
for  this  special  class  of  Utaratoia  in  apita  of  iti  mbaf  vovertj.  Thia  at  any 
late  is  what  is  now  being  attempted  the  Geographical  Society,  which  sparse 
no  effort  in  order  to  obtain  tlie  best  literary  assistance  in  its  compilation  that 
the  country  atlbrds.  We  shall  soon  have  a  geographical  dictionary,  I  trust,  and 
be  di>le  to  enter  with  a  little  more  ease  and  oonfideoce  into  the  field  of  literary 
disenMilm  of  gaogiaphieal  aulgeeti. 

Pntgrm  of  Geographioal  BduoeOAon, 

The  progress  of  geographical  education  in  the  country,  although  it  is  by  no 
maana  ao  uniTenally  apparent  as  might  be  consideied  deaifaUa,  yet  ahows  eiv 

Couraging  symptoms  of  vitality  in  many  directioni?. 

The  Civil  School  at  Oxford,  for  instance,  conducted  by  Mr.  Mackinder,  has 
already  made  most  successful  etlbrts  to  produce  expert  teachers  of  geography. 
Here,  in  addition  to  908  students,  of  whom  163  were  men  attending  eooiaaa 
during  the  past  vear,  five  students  have  already  won  the  Post-graduate  Diphma 

Einted  by  the  fniver^ity,  and  it  is  encouraging  to  note  that  four  out  of  the  five 
ve  already  obtained  distinctively  geographical  work.  Others  similarly  qualified, 
if  of  suffldflot  ability,  would  probably  not  have  long  to  wait  for  opportuidtiea. 
In  addition  to  its  regular  University  functions,  the  Oxford  school  has  this  year 
organised  a  summer  course  of  three  weeks'  study.  This  has  been  well  attended 
by  teachers  and  instructors  from  all  parts  of  the  countryi  and  even  from  Ajnerica. 

In  London  a  depattnent  of  esoaomic  geography  is  in  eooiae  oivanisation 
at  the  School  of  Eoonomies  and  Political  Science,  and  geography  will  beeoaae  a 
compulj^ory  subject  in  examinations.  In  the  matter  of  examinntions  we  have  to 
chronicle  the  issue  of  a  most  excellent  syllabus  for  the  new  Loudon  Matriculation 
which  should  ultimately  have  graat  influenea  on  the  teaching  in  many  schools. 

Further,  the  '  Ghogmphioal  Association,'  a  body  now  of  several  hundred 
teachers,  has  made  great  progre.'w.  It  has  recently  commenced  the  issue  of  a 
journal  known  as  the  *  Geographical  Teacher,'  one  of  whose  functions  appears  to 
be  the  criticism  of  the  questions  set  in  Taiious  public  examinations. 

Satisfactory  progress  has  also  to  be  lecorded  of  the  school  of  surveying  ini- 
tiated by  tliO  lloyal  GfOg-mp}iicnl  Society,  now  under  Mr.  Reeves.  The  diploma 
has  been  awarded  to  a  number  of  candidates  (about  twenty-five)  who  have  pajyt^i 
through  the  school,  who  have  invariably  found  suitable  employment  surveyors 
aubsequently.  Indeed  the  demand  for  trained  11.G.S.  aorveyora  already  exceeds 
the  supply,  althou  >h  it  cannot  as  yet  be  maintained  that  onr  means  of  trainii^  are 
as  perfect  as  we  could  wish. 

In  milita^'  schools  the  report  of  the  late  Committee  appointed  to  Consider  the 
Elooation  of  Army  Offloefa  ahowa  dearly  enough  that  amongst  all  the  aeeeaBsiy 
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Rabjf?ct8  for  a  cadet's  education  which  have  to  be  crammed  into  the  exceedinfrly 
abort  course  of  his  miUtary  schooling  that  branch  of  geography  which  is  embraced 
hf  the  term  'military  topograohy" finds  a  veiy  conepieaoiis  pUuse.  The  short 
oowRM  of  a  nulitaiy  sdiool  wul  never  turn  oat  an  accomplished  geographicil 
surveyor;  nor  does  it  in  any  way  outflank  fhc  npcps!»ity  for  a  military  school  for 
profeasiooal  topographers.  But  it  teaches  the  young  officer  how  maps  are  made, 
and  iastmets  him  in  the  use  of  topo^aphical  symbols.  It  would  be  well  if  it 
oonld  be  pushed  a  little  further— if  it  could  teach  him  how  to  make  use  of  the 
maps  wheti  they  are  made — for  personal  experience  convinces  me  that  the  apathy 
ehown  by  many  of  our  foremost  generals  and  leaders  on  the  subject  of  maps  arises 
chiefly  from  a  well-founded  doubt  of  their  own  ability  to  make  use  of  them.  As 
for  the  broader  basis  of  general  geographical  lostnietion  which  would  deal  with 
the  distribution  of  important  military  posts  and  strategic  positions  throughout  the 
Empire,  nnd  teac)i  olVicvrs  tin-  functions  of  such  positions,  either  individually  or  in 
combination,  duriug  military  or  uaval  operations,  it  is  perhaps  better  that  such  a 
strategic  aspect  of  geography  should  be  relegated  to  a  later  age,  when  the  average 
intelliv''onre  of  the  cadet  has  become  more  fully  developed. 

Takiiii:  it  for  all  in  all  there  iir«'  dintinct  signs  of  a  more  general  interest  and 
more  scholarly  standard  of  thou^^ht  in  the  subject  of  geography.  This  is  probably 
doe  to  the  efforts  of  a  comparatively  small  group  of  wonara  at  a  time  off  general 
educational  reform,  possfluy  pardy  stimulated  oy  the  disclosures  in  eonnaction 
with  the  late  wnr. 

The  methods  of  further  improvement  are  bimple — better  teachers  and  better 
OTsmhiiiig— and  for  both  it  is  wobahle  that  we  must  look  more  duectlj  to  cM 
soDices  than  to  the  tentative  eflorts  of  the  military  schools. 


The  loUowing  Taper  was  read: — 

1.  21ie  Geography  of  SotUhern  Persia  as  affecting  its  History^  iogeflief 
•   with  a  Brief  Account  of  tlie  Helmand  Delta  and  the  Great  Desert  of 
Persia  known  as  Uie  Lut.   By  Major  P.  Moluwobth  Sykbs,  C*M,G, 

Southern  Persia  and  Baluchistan  lie  between  the  rich  alluvial  plains  and 
ancient  civilisations  of  the  Euphrates,  Tigris,  and  Karim  on  the  west,  and  that  of 
the  Indus  on  the  east.  Washed  throughout  to  the  south  bv  the  Persian  Gulf  and 
Arabian  Sea,  the  country  maintains  a  low  level  for  a  connaerable  distance  inland 
and  the  heat  in  summer  is  terrific.  Additional  disadvantsges  are  Ihe  absence  of 
good  harbours,  and  the  fact  that  in  the  Persian  Gulf  there  is  always  either  t-oo 
much  or  too  little  wind.  This  coast  strip  runs  back  to  range  after  range  of  rugged 
mountains,  increasing  in  altitude  until  the  Irda  pkteau  is  leaehed.  The  ftrtile 
aone  of  upland  countiy  is  not  very  wide,  and  it  soon  dseraases  in  elevation, sloping 
down  to  the  paralysing  waste  of  the  Lut. 

The  characteristics  of  Baluchistan  are  to  a  considerable  extent  similar,  except 
that  the  altitude  of  the  mountain  chains  is  not  so  great  As  mdtivation  depends 
on  irrigation,  the  absence  of  ranges  suiBcicntly  lofty  to  serve  as  storehouses  for 
snow  results  in  the  encroachment  of  the  Lu^  much  farther  south.  Indeed,  the 
efl;*tern  border  of  the  Kerman  province  is  separated  from  Baluchistan  by  a  section 
of  this  desert  some  200  miles  in  width,  which  is  an  important  factor  in  the  hii<tory 
of  Southern  Psrsia.  In  its  east  and  west  aspect, from  the  Tehrin-IsfRhdn-Shiraa* 
Busliire  road  eastwards,  the  Lut  stretches  right  across  the  entire  width  of  Persia, 
thus  separating  the  land  of  Iran  into  two  divisions  far  more  effectually  than  any 
sea  or  mountain  barrier.  To  summarise,  Southern  Persia  and  Baluchistan  have 
ever  been  comparatively  barren  countries,  most  difficult  of  access  from  the  ooasty 
and  ooDsequently  have  always  escaped  invasion  by  sea.  Owing  to  the  hardening 
influence  of  a  livelihood  gained  from  a  sterile  soil,  and  |>er}mps  sLill  more  to  the 
superb  climate,  a  warlike  race  was  produced,  which  frei^uentl^  held  in  subjection 
tha  inhahflaots  of  the  rich  low^lying  plahia  to  the  west,  whik  mora  than  onoe 
the  martial  hosts  of  Iiin  have  swqpt  all  hefina  tham  in  the  plams  of  India. 
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Concerning  the  variable  lower  course  of  the  He!man<]|  the  ailtJior  gained  some 
Intereating"  details  when  travollinsr  in  Si^^tftn  nearly  four  years  ago.  Indeed,  it 
most  be  recollected  that  Sistan  is  not  ooly  fed  bj  the  Helmand,  the  classie 
Etymandert  bnt  thet  ite  wftten  fimn  the  Itgoon  in  which  this  mtenttiDg  rirer 
diachugiM.  To  enmuumae  the  eonnee  taken  by  the  Hclmand,  in  the  fourteenth 
century  there  was  a  .«olid  dam,  known  originally  tlm  l^and-i-Rustam  and  later  as 
Ban4,-i-Akwa  (evidently  a  corruption  of  Afghan  or  Agwan).  This  was  situate 
at  a  point  on  the  Helmand  some  forty  tnilee  eeet  of  the  ruins  of  Hausd&r,  and  at 
in  equal  distanrt"  from  the  limita  of  .Sistiin  as  it  is  to-day.  A  deep  canal  running 
vreM  irrigated  the  fertile  plnin  of  Hauzddr,  the  main  stream  flowing  n<irth  under 
the  name  of  liud-i-Nasru.  Ou  its  banks  were  the  famous  cities  of  Shahristan 
and  Zahid^n.  Towards  the  close  of  the  fourteenth  century  Sistan  was  invaded  by 
Timor  or  Tamerlaney  who  destroyed  the  dtm,  and  thue  redneed  the  Hmidir  pliin 

to  a  watf^rln*!*  dr«ert. 

The  lielmand,  while  still  keeping  to  the  Kud-i-Natiru,  created  n  second  branch 
encircling  Sehkuha,  which  had  not  hitherto  been  inhabited.  There  was  appa> 
rently  no  other  ehange  until  eerly  in  the  nineteenth  century,  when  the  wnole 
volunv^  of  wfiter  united  to  carve  out  a  channel  farther  eaft,  to  the  west  of  the 
villa^'^o  and  mound  of  Na<l-i-Ali.  As  cultivated  Sistan  was  thereby  left  high  and 
dry,  the  itud-i-Sistdn  was  cut  a  little  to  the  north  of  Sehkuha — a  task  of  great 
magnitude.  Thie  wu  the  state  of  afikira  when  Sir  Tndem  Goldamid  made  hia 
award;  but  in  1 890  the  lielmand  began  to  forsake  the  Nad-i-Ali  channel^and 
Btnick  out  a  new  course  between  it  and  the  Kud-i-Nasru.  This  is  now  known  m 
the  Rud-i-l'eriau,  which  was  a  fine  river  when  the  author  crossed  it  on  a  reed  raft 
in  1889.  It  is  anticipated  l»y  the  greyhearda  of  Sfat&i  that  the  waywaid 
Helmand  will  flu. r.  turn  to  the  ancient  Rud-i-Nasru. 

The  Lut,  undoubtedly  the  salient  characteristic  of  Persi.in  physical  geography, 
is  believed  to  have  been  in  early  times  an  inland  sea,  which  theory  is  supported 
hj  the  preaence  of  tlie  active  volcano  of  Sarhad,  the  extinct  voloino  of  wicinan, 
and  many  legends.  Careful  inquiry  has  led  the  author  to  believe  that  the  name 
liTit  prnporly  applies  to  the  whole  of  the  great  desert  of  Persia,  including  the 
aoH^all^  JJanht-i-hLavir  in  the  north  and  the  Da8ht«i-Lat  in  the  aouthi  and  that 
!ta  saline  portiona  are  known  aa  Kavir,  which  is  nndoabtedly  the  Arainc  word 
kfrfr,  signifying  a  saline  swamp.  Aa  regards  tho  term  T^ut,  the  giiides  point  ont 
fantfustic  bluff?,  resembling  forts,  rao«ques,  or  cathedrals,  and  explain  hnw  they  are 
rv^ins  of  cities  which  the  Almighty  destroyed,  as  was  the  case  with  the  cities  of 
the  plain,  from  which  I^t  escaped  with  so  much  difReiilty.  Furthermore,  Liiti 
•Ithonffh  now  used  to  designate  a  buffoon,  fomuoAj  meant  a  Sodomite.  It  would 
seem  that  this  great  wa.<<te  of  Persia  has  become  aaaociated  (most  appfc^viateiy) 
with  the  name  of  Lot,  Abraham's  nephf»w. 

The  author  finally  made  .some  remarks  on  the  trade  routes  and  on  the  telegraph 
line  wUeh  is  being  conatnicted  across  Bnaia,  showing  how,  in  evefj  case,  dimctioo 
was  determined  hj  gecgraphical  features. 


FJUDAY,  8KPTEMBE11  12. 
The  following  Ptqpera  were  read : — 

1.  YUnnan.    By  Captain  C.  H.  D.  Ryder,  K.E. 

Of  the  eighteen  Provinces  into  which  China  xiroper  is  divided,  Yiiiman,  though 
one  of  the  largest,  is  one  of  the  least  populated.  It  ia  one  maas  ofhinswithenD 

1>lains  nestling  among  them^  in  whicn  reside  the  Chinese,  who  leave  most  of  the 
lilly  country  and  the  deepn  valleya  to  the  original  inhabitants,  such  aa  Lolos, 

Shans,  &c. 

There  are  some  seventy  walled  cities,  many  of  them  eittea  only  in  name^  eaeb 
plain aanmle  containing  one  city,  the  official  centre  of  tlm  diatiiot 
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From  a  geognphical  point  of  view  the  most  intei^tiug  feature  is  the  extra- 
ordinary number  of  large  rivarB  which  flow  throttdi  or  rise  within  the  province, 
afHuentfi  of  the  Irawadi,  the  Salwin,  Mekong*,  Xangtse,  West  Biver,  and  Bed 

River;  the  second,  tliird,  and  fourth  of  theae,  as  they  enter  Yunnan  all  flow  in 
deep  valleys  side  by  side  for  many  miles,  barely  twenty  miles  one  from  another, 
with  ft  huge  moimtain  range  intenrenioir.  Farther  aoutb  theae  riYere  eeparatei 
allowing  room  for  the  headwaters  of  the  Red  and  West  Btvera,  the  eentre  of  the 

Province,  the  wntorsh<  d  lx>tween  these  various  river-j»yRtpm<»  thus  forminj?  an 
elevated  plateau,  tlie  plains  on  which  are  mostly  about  6,000  leet  in  elevation. 
The  climate  varies  according  to  the  elevation  from  perpetual  snow  to  perpetoal 
heat,  with  every  intervening  stap- ;  con.scquently  the  fauna  and  Uora,  and  the  pro- 
duce of  the  fields,  vary  considera1»lv.  The  seusons  ari?  well  defined — rains,  cold 
weather,  and  hot  weather  ;  the  former  the  lea.'^t  pleanant,  especially  to  travellers. 
Trade  is  nearly  at  a  standstill  owiuff  to  the  shocking  condition  of  the  roads  and  the 
unhealthineasof  the  valleys,  which  are  held  in  greataweby  the  Chinese  merchants. 
The  hills,  except  in  tlie  lu  ighl»onrlinod  of  the  towns,  arc  well  wooded  and  abound 
in  small  pame,  though  the  kuyri  wild  animals  are  conapicuous  by  their  absence. 
A  large  quantity  of  minerals  exist,  miuea  of  copper  and  silver — t^ooie  w  orked,  others 
deserted—- bein^  constantly  met  with. 

Situated  as  it  is  in  the  south-west  cornnr  nf  th<>  empire,  with  French  territory 
on  the  south  and  English  on  the  west,  much  attejitif)n  has  been  drawn  to 
Yiinnan,  and  after  various  schemes  hud  beeu  propounded  for  tapping  the  trade, 
tlw  Yiiunan  Oompany  fitted  out  an  expedition  under  Major  DaTies— to  which  I 
was  attached  by  the  Government  of  India  to  Hurvey  and  report  on  Yiinnan — with 
a  view  to  deciding  whether  a  line  of  railway  wa.**  possible  from  Burma  into  China. 
This  we  successfully  accomplished  in  two  successive  seasons ;  but,  owing  to  the 
mountainous  country  and  the  poor  proi>peets  of  traffic,  it  has  been  decided  to 
ahandou  auv  idea  of  a  railway  on  these  lines.  In  a  short  tinie  a  rulway  will  be 
OOmpIeted,  but  it  will  be  from  Totij^king  and  not  from  Jiurraa. 

Yiinnan  is  as  i*egards  scenery  the  liower  of  China  and  most  pleasiint  to  travel 
in,  always  excepting  certain  rudeness,  wbidi  eferyone  must  expect,  flom  the 
Chinese  thnuselTes. 

2,  ChUmiioUon  and  Irrigation  in  Uganda  and  the  British  Bati  Africa 
Froieciorate,   By  B.  B.  Booklby,  CSJ, 

This  paper  commences  with  a  description  of  the  climate,  and  a  statement  of  the 
rainfall,  m  the  British  East  Africa  Protectorate.  A  brief  description  in  also  given 
of  the  Uganda  railway,  which  is  mentioned  as  a  monument  to  the  skill  of  its 
engineers.  The  political  and  local  effects  of  the  railway  are  referred  to. 

The  paper  reiers  to  the  climatic  conditions  which  affect  Lake  Victoria  Nyanza, 
and  hns  an  Appendix  showing  the  rise  niid  fall  iti  the  surface  of  tlie  lake  since  I80C. 
The  causes  of  the  Huctuations  in  the  lake  ure  dii^cussed,  and  it  is  shown  that  the 
Tolume  water  which  is  actually  aTsilable  Ibr  storage  in  the  lake  for  purposes  of 
irrigation  is  not  so  great  as  might  be  supposed. 

The  Uganda  railway  passes  through  the  high  lands  of  East  Africa,  where  a 
tract  of  land,  the  size  of  England  north  of  Liverpool  and  ShefHeld,  lies  at  an 
elevation  of  more  than  5,000  leet  above  the  sea  and  has  a  pleasant  and  temperate 
climate.  There  seems  to  be  no  doubt  that  this  countrv  is  eminently  suited  for 
colonisation,  and  that,  if  it  oould  be  irrigated,  neaiiy  all  European  cropsand  fruits 
could  be  grown  in  it. 

The  paper  discutises  the  possibilities  of  irrigation  in  East  Africa,  which  do  not 
teem  wry  honeful.  The  three  main  rivers,  the  Jnba,  the  Tsna,  and  the  Sahaki, 
are  not  well  Known  and  their  (lit.charges  at  different  times  of  the  year  are  not 
recorded.  The  rivers  nre  niivijrable  in  their  lower  reaches  near  the  sea.  It  seems 
likely  that  irrigation  from  the  Juba  and  Tanu  might  bo  possible  in  the  higher 
laadi,  and  that  30,000  or  40,000  acres  might  be  irrigated  from  the  Sabaki,  ^ust 
below  the  point  where  the  Tsavo  River,  which  is  fed  from  the  snows  of  Kilimanjaro, 
joins  the  main  stwam    But  the  paper  points  out  that  the  area  commandedi  lies 
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'within  the  field  of  action  of  the  tsetse  iij,  which  might  make  cultivatloa  difficuUi 

if  not  impossible. 

Beference  is  made  to  the  great  Taru  wlldemeeB,  which  hif  fthtorbed  m  manj 

human  lives,  and  the  possiliillty  of  irrigating  it  is  considered. 

In  the  tract  of  laud,  lying  about  6,000  feet  above  the  sea,  through  wlji>  li  tli*^ 
Uganda  railway  passes,  there  are  no  rivers  of  any  magnitude  ;  and  the  di^harge,  m 
the  streams  which  do  exist,  is  very  uncerUtin.  It  is  shown  that  the  area  wbieh 
might  be  irrigated  by  the  pen>nnial  di-;rhars:e  of  those  rivp.rs  wliich  liave  a  con>r,ant 
discharge  would  be  ouite  insigniticaut,  and  that  the  only  way  to  irrigate  elVec- 
tivelv  would  be  by  the  construction  of  reservoirs  in  the  hiila.  These  reservoirs 
would  not  probebfy  be  on  a  large  scale,  bot  would  be  fonned  by  earthen  beaki 
across  the  valleys  in  which  the  streams  run.  These  embankments  would  be,  pro- 
bably,  at  intervals  in  the  courfie  of  a  .'<treamy  end  farms  of  moderate  sixe  woald  be 
more  or  leas  dependent  on  each  reservoir. 

The  paper  reftm  to  the  queetion  of  artesian  wells,  and  it  is  pointed  out  that 
these  would  be  disappointing  as  sources  of  supply  for  irrigation,  althoi^^  they 
mip'lit  nrive  a  valuable  supply  of  water  for  cattle  on  the  great  gruqr  plains  whick 
abound  in  the  temperate  regions. 

The  paper  ooneludes  with  certain  reeommendatioDB  cooeeming  investigationt 
which  appear  necessary  before  colonisation,  either  by  Europeans  in  the  temperate 
tracts,  or  by  natives  of  India  in  the  less  temperate  areas,  can  be  establishea  with 
good  hope  of  success.  Irriffation  would,  no  doubt,  be  most  valuable ;  hut  as 
yet  it  has  not  been  proved  that  crops  cannot  be  successfully  cultiTated  by  the 
lainlUI  alone^  if  the  oultiTalion  is  oonauetad  with  a  due  eonsideratum  of  tha  looal 
•eaaona. 


3.  Smvty  of  the.  Fresh'WaUr  Lakes  of  the  BritUk  Ideg^ 
£ff  T.  N.  JOHHBTOH,  M.B^  CM, 

The  papOT  gave  a  summary  of  what  had  been  done  towards  carrying  Ottt  the 

schemo  announced  at  the  Ola-gow  ni<  etiii^-  of  tlie  Association  for  the  survey  of 
the  frorth-water  lakes  of  the  Uniterl  Kingdom  under  the  superintendence  of 
Sir  Juhu  Murray.  The  lochs  of  the  llannoch  district  have  all  been  surveyed, 
and  the  work  is  being  gradually  advanced  northwards  through  Argyllshire,  InTer- 
ness-shire,  ilnj-s-shire,  nnd  Sutherland,  in  which  last  county  the  staff  employed  on 
the  work  were  at  the  time  of  the  reading  of  the  paper  engap'd  in  surveying  the 
lochs  of  the  Assynt  district.  Up  to  the  beginning  of  September  1902  nearly  lOU 
loehs  had  been  surfeyad.  Becnea  taking  sounding  the  membere  of  the  sorvcy 
carried  on  biological  and  physical  investigations  m  all  the  lochs.  One  of  the 
most  interesting  observations  hitherto  made  was  that  of  the  occurrence  of  seiches 
on  several  of  the  Scottish  lakes.  The  phenomenon  was  observed  by  the  author 
of  this  paper  firat  on  Loch  Treig,  the  first  known  obaervation  of  audi  an  oeear> 
reneein  oootland.  Subaaquently  it  waa  obaerred  on  sareial  other  liJua. 


i.  The  Jordan  Valley,   By  Professor  William  Libbby,  Sc.J). 

The  paper  discusses  some  of  the  geological  features  of  the  valley,  and  the  eon* 

nection  between  tlie  Dead  Sea  and  the  (4ulf  of  Akabah. 

There  .st  eins  {n  be  less  evidence  of  a  fault  with  a  pubsidecce  upon  its  eastern 
side  tlian  wasi  supposed.  There  was,  however,  undoubtedly  a  rift  valley  or  frac- 
ture, which  was  widened  at  a  later  period.  This  Talley  extended  from  tiie  foot 
of  ^fount  Hermon  southward. 

The  evidence  of  ice  action  on  the  poutheni  slopes  of  Mount  Hermon  is  very 
marked.  This  is  not  found  upon  the  surface,  where  abrasion  has  probably  removed 
all  traeea  of  it,  but  in  placn  where  tbe  rocha  haTe  bean  eorered  up  by  moraiM% 
which  latter  have  but  recently  been  removed. 

From  the  northern  end  of  this  vaileyi  thronghoot  ita  wbote  extent^  ita  atrao-. 
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tiin  it  ttroogly  soggeaftifv  of  that  of  s  Qoid  wh«N  tho  lee  lias  been  absent  for  a 
▼ory  long  period. 

A  possible  conception  of  the  valley  and  its  mode  of  formation  might  be  that 
some  time  at  the  close  of  the  cretaceoui  period  this  rift  was  formed.  It  was  then 
iHdenad  and  detpeoed  by  ice  aeUon,  at  leaat  as  ftr  sooth  as  the  Sea  of  Galilee,  if 
not  throughout  its  whole  length. 

After  this  the  surrounding  region  was  submerged  by  a  depression  of  it  .'<  surface, 
due  to  lateral  pressure  from  tlte  ^ve8tward.  It  was  ot  this  time  that  the  itumensa 
deposits  of  sandstoM  took  plaeo  wldeh  iron  laid  down  In  the  ^-alley  neariy  as  far 
north  as  tlie  Sea  of  Galilee.  The  thidmess  of  these  sedimentary  deposits  was 
about  4,0(X)  feet,  nnd  their  charscter  varied,  dependent  upon  the  aoaice  of  the 
material  which  was  laid  down. 

Stthseqaent  to  this  a  gradual  elevation  of  the  layers  took  place,  and  as  long  as 
the  supply  of  water  was  abundant  the  stream  cut  its  way  down  throngh  the  sand- 
stone,  leaving  fringe-like  remnants  on  both  sides  of  the  valley,  as  well  as  an 
underlying  mass  ia  its  bed.  The  protected  lateral  bays  or  alcoves  on  the  sides  of 
the  main  rift  were  found  to  be  occupied  by  audi  deposits.  Tho  lisan  Peninsula 
might  be  regarded  as  a  more  rssutant  remnant  Uian  usual  in  the  bed  of  the 
valley. 

After  this  process  had  coutinued  for  a  period  long  enough  to  bring  about  the 
removal  of  some  3.000  feet  of  this  deposit,  a  change  in  the  conditions  took  place, 
and  one  of  three  things  happened,  possiUy  all  three : — 

1.  The  glacier  disappeared. 

2.  The  water-supply  failed  to  a  criiisiderabie  extCOt* 
3k  The  rate  of  elevation  increased. 

Then  the  course  of  the  water  over  the  top  of  this  sandstone  '  plug '  first  becilBO 
sluggish  and  finally  stopped,  thus  breaking  the  connection  with  the  ocean. 

Ftom  this  time  onward,  while  elevation  to  the  extent  of  about  1,000  feet 
took  place,  erosion  upon  this  sandstone  bed  took  place  in  two  directions — north- 
ward and  southward — and  a  harder  layer  than  usual,  about  the  middle  of  the  trough 
connecting  the  Dead  Sea  and  the  Gulf  of  Akabah,  eventually  became  the  turning- 
point  of  the  waters  in  both  directions. 

This  process  is  also  illustrated  in  a  similar  remnant  lying  between  the  Jebel 
Usdem  and  the  western  face  of  tl."  main  limestone  walls  of  the  valley  throughout 
the  whole  length  of  that  peculiar  rang^. 


5.  Petra.    By  Profesgor  WlLUAM  LlBOEY,  Sc.D. 

Petra  is  located  in  one  of  the  larper  bays  or  alcove  valleys  on  the  eastern  side 
of  the  valley  connecting  the  Dead  Sea  with  the  Qulf  of  Akabah.  The  depth  of 
this  bay  inland  must  have  been  about  seven  miles. 

The  immense  amount  of  sandstone  here  laid  down  was  apparently  aflected  by 

surface  erosion  only,  as  it  was  withdrawn  from  the  active  scouring  action  which 
was  going  on  in  the  main  valley  to  the  westward.  It  therefore  rose  or  was  lifted 
up  some  8,000  ftet  above  that  valley,  while  the  limestone  cliffs,  its  eastern  shore 
line,  still  towered  above  it  to  the  height  of  3,000  feet  more. 

As  you  look  down  upnn  it  from  the  old  Koman  road  on  the  top  of  these  diflb, 
it  appears  like  a  tumbled  sea  of  sandstone  waves,  so  rough  is  its  surface. 

There  is  one  channel,  however,  which  has  persisted  in  cutting  its  way  down 
through  this  sandstone  mass  from  the  lower  edge  of  tiie  limestone  plateau  to  a 
central  depression  with  precipitous  walls.  This  was  the  entranoe  to  the  location 

of  the  famous  ancient  city. 

The  stream  occupying  this  cleft,  after  passing  through  the  central  valley, 
plunges  hmdlong  down  a  splendid  canyon,  through  several  thousand  feet  of  sand- 
stone to  the  valley  of  the  Arubah,  which  lies  some  five  or  six  miles  distant.  This 
latter  portion  of  the  Sik  is  nil  but  impassable  ;  the  upper  portion,  leading  to  the 
site  of  the  cit^,  is  easily  traversed,  in  fact  it  once  had  a  Roman  road  leading 
•long  its  wiodiiig  bottom. 
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The  position  of  this  '  Ilock  City '  forms  a  marked  contrast  to  other  '  strong 
places '  of  Moab,  which  were  usuallj  walled  hilltops.  It  required  do  leas  military 
genins  to  gimqp  tlie  elements  of  its  strength  and  use  them  as  a  ^itfyoob,  Thie 
sturdy  Koman  was  probably  the  only  invader  who  beCttlM  Ua  lonign  nailer^  ttd 
he  Hiicceeded  more  by  craft  than  by  the  force  of  arms. 

The  strange  juxtapositiou  of  ita  temples  and  amphitheatre  to  the  thousaadd  of 
tombt  which  surrouoaed  them  produces  a  carious  imptoarioD  upon  tin  ntad.  It 
seems  odd  to  us  that  their  ^ames  and  joyous  festivals  should  be  celebratad  in  lUl 
Tiew  of  the  .'^olenin  porticoes  of  the  last  resting-places  of  their  ancestors. 

The  splendid  structures  carved  in  the  walls  of  rock  which  surrounded  their 
dty  have  misted  the  'tooth  of  time '  very  lemadEsbly  for  1,600  years,  esasidsBag^ 
the  soft  material  in  which  they  are  found.  The  city  proper,  with  the  exception 
of  a  single  temple  tad  pert  of  sa  aioh  of  trimnphy  have  lileiaUy  ofambled  into 
dust. 

Views  of  eaojFOD  entrance  to  the  latjf  the  chief  Lalia  awnBiBSati,  the  atiU 
older  Moabite  *  high  pbces,'  aa  well  as  aoma  pioturea  takao  fton  Aaveo'a  tooib  on 
Mount  Uor,  were  ahowa. 


aATURDAl\  SEPrEMDER  13. 
The  SeettMi  did  BOi  oMet. 


MONDAY,  aMPTBMMMR  Iff. 

The  following  Papers  were  read  : — 

!•  Worid-sltaking  Earthquoket  in  relation  to  Vol^nic  BrupUom 
in  the  If  est  Indies.   By  Jobx  Milsb,  M'JiJS. 

Observation  shows  that  every  year  about  fifty  eartbquakee  occur,  e«ch  of 
which  disturbs  the  world  throughout  its  ttibss.  Between  January  1,  1899,  and 
January  1,  1902,  the  number  of  world-shaking  earthquakes  which  have  been 
recorded  and  the  regions  from  which  they  origiaatad  wava  as  ftltowas — 

No.  of 
Barthquahea 


A. 

West  and  South  of  Ala.ska  .... 

.  25 

B. 

.  14 

O. 

West  of  the  Antilles  ..... 

.  16 

D. 

West  of  the  Andes      .      .       .      •  • 

.  IS 

£. 

F. 

G. 

North  of  Mauritius  

.  17 

H. 

Ea«t  side  of  the  North  Atlantic  . 

.  22 

J. 

West  side  of  the  North  Atlantic  . 

.  3 

J. 

North  Atlantic  • 

.  3 

K. 

Balkan,  Oaocasian,  Himalyan  Bsgions  • 

.      .  14 

19S 

The  dioturbances  originatiag  fipom  districts  II,  I,  J,  and  the  Balkan  portkm  of 
K,  although  thej  were  recorded  in  the  Isle  of  Wight,  wwa  comparatlTsly  udsJII 

and  are  therefore  not  considered  in  the  above  yearly  nverago.  All  these  orixrins 
lie  on  the  flanks  or  near  the  base  of  the  steeptst  flexures  on  th<'  earth's  aurlace. 
Willi  the  exception  of  K  they  are  submarine,  and  their  boundary  ridges  are, 
for  the  Bioat  part«  lined  with  volcanio  neaha. 

For  the  ^Jeater  number  of  these  ridges  there  is  geological  and,  not  infreqiiently, 
historical  evidence  to  show  that  the  moat  lecent  moTenMots  have  been  those  of 
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vlmtioD,  tod  periods  of  voloaaio  tetiYity  accompany  fllmtkn  nter  thu 
•ubaidenco. 

When  a  world-8haking  earthquake  originates  on  land,  dislocationn  many  miles 
in  length  have  beeu  formed,  on  the  two  aides  of  which  large  areas  have  been 
nlflttiTely  raiaed  or  lowoied.  In  1801,  in  Oentml  Japtn,  n  fudfe  was  Ibnnad 
having  a'  length  exoeediog  fatty  mOos  and  n '  tluNnr/     ahown  on  the  tmUo$, 

of  10  or  20  feet. 

Mr.  R.  D.  Oldham  shows  that  the  A^sam  earthquake  of  1HU7  was  probabhr 
doe  to  a  moYemont  of  10,000  square  miles  of  country  along  a  thm^plaao  throogh 
a  distance  of  16  feet. 

The  (  'Utch  earthquake  of  1810  resulted  in  a  suWdencu  of  2/XN)aqitara  WbSIm 
of  country  and  the  elevation  of  a  ridge  fifty  miles  in  length. 

When  the  origins  have  been  suboceanici  soundings  have  ahown  that  vast 
depressions  have  been  formed,  whilst  coast  linos  have  bom  mfcnd  or  lofwarad.  In 
1  about  lOOyOOO  aqoaro  miles  along  the  coast  of  Chile  wve  permanently  lifted 
about  '^i  feet. 

ObeervationB  like  ihesv  indicate  that  large  earthquakes  originating  in  the 
furrows  described  are  accompanied  by  a  deepening  of  tne  same  and  an  elevation 
of  the  flauking  ridprt's.  This  elevation  may  relieve  conatraint  at  volcanic  f  >ci  with 
the  result  thai  volcanoe?,  particularly  those  which  have  bi'en  sealed  for  many 
years,  may  suddenly  burst  into  activity,  a  sequence  of  events  well  illustrated  by 
tiie  Yoleamo  Idstory  of  the  AntiUes.  In  these  isknds  there  ivere  eruptions  in  the 
jears  1682, 1718,  1766,  1707,  1802,  1812,  1896, 2851,  and  lasUy,  the  most  terrible 
of  all,  in  the  present  year.  All  of  them  seem  to  have  clo^ly  followed  huge 
adjustments  of  the  Hayti-Jamaican  fold,  or  those  iu  the  neighbouril^f  folds  on  tne 
American  continent. 

The  lOyOOO  small  earthquakes  wliich  ate  recorded  in  the  world  every  jeei 
have  not  any  sensible  relationship  to  volcanic  activity. 


2.  iVeltmemwy  Note  on  Hfi  Windingt  ^  lie  S^rnhda, 

Dr.  A.  J.  HiBBBSnov. 


3«  Geographical  PlmU^roupa  in  the  iHiA  Ifora. 
By  IL  Li.0Ti>  Prabobb,  S.S» 

Ireland  may  be  roughly  likened  to  a  saucer,  of  which  the  central  depression 
eonsists  of  a  pUun  of  Carbouiferous  limestone,  the  rim  of  a  discontinuous  series  of 
mountain-groups  formed  of  non-calcareous  rocks.  Much  smaller  than  (rrt  at  Hritain, 
it  disj^lavs  les.H  diversity  of  climate  as  well  as  of  surface}  and  consequently  less 
diversity  of  flora. 

The  application  of  Watson's  well-known  *  types  of  ^tribution  *  to  Ireland  is 
productive  of  some  interesting  results,  and  shows  a  considorabJe  divsni^  of  BUge 
in  the  sam^  frroups  of  plants  in  Great  Jiritain  and  in  Ireland. 

The  '  English  '  plants  of  Watson  reach  in  Ireland  their  maximum  on  the 
East  coast,  in  Dublin,  Widdow,  end  Weodbid,  and  are  also  remarkably  abundant 
in  Clare.  AVntsonN  *  Scottish  '  plants  show  a  more  uniform  range  in  Ireland.  Tbey 
attain  their  maximum  iu  the  northern  maritime  count  ie-^.  Thence  they  spread 
down  the  West  coast  in  considerable  abundance  as  lar  as  the  Shannon  mouth, 
wyie  On  the  East  coast  they  dseroaso  rapidly  south  of  Down.  WatKm'a  '  fi^^ 
land  *  plants  are  found  chiefly  in  the  west.  Thej  attain  their  maxbniim  on  the 
comparatively  low  hills  of  Donegal  and  West  (Jalway,  and  are  only  sparingly 
represented  on  the  higher  mountains  in  the  eatit,  »ucb  as  those  of  Down,  Wicklow, 


Ireland;  the  /ragmenta  which  have  reach^  that  country  have  a  quite inegnlar 

distribution,  with  a  maximum  in  Clare.  The  *  Atlantic '  plants  have  a  more 
definite  distribution  in  Ireland,  ranging  round  the  coast  and  showing  an  incrsses 

mthmji. 
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A  careful  analysis  of  the  distribution  of  plants  in  Ireland  revi  als  the  existence 
of  several  fairly  well  defined  types.  There  is  a  marked  tendi-ncy  to  a  'Central'  or 
*  Marginal '  distribution,  the  result  of  the  contig^urataon  of  the  country,  the  Central 
group  being  largely  compoted  of  lowland, cddook,  and  aquatie  or  paludal  species ; 
the  Marginal  of  calcifuge,  upland^and  dnr-aoil  plants.  AV ell-marked  northern  and 
southern,  eastern  and  western  groups  also  exist,  the  boimdarioa  between  them 
consisting  of  lines  running  not  eiacUy  east  and  west,  or  north  and  south,  but 
rathar  BMtlMioTth-easCwara  fnm  Gork  to  Londoodu'rj  and  aaat-aoitit  uuiwaid 
from  Galway  Bay  to  Dundalk  Bay.  For  these  aix  tmB  of  ^tribution  ihe  author 
propo.«f>*  the  names  Central,  Marginal,  T'lroninn,  Mumonian,  I#ageniao,  God- 
oa<uan,  the  laat  four  beii^  taken  from  the  old  names  of  the  four  mrovincea  of  Ire- 
land, in  each  of  wUeli  one  of  tbe  groopa  utalna  ita  mnriiwnm.  The  diaitrtata  of 
each  plant-group,  and  its  relationa  to  tneelunatolQgieal  and  pbjaiognphie  fealnien 
of  the  eoontij  were  pointed  oat. 


4.  On  eoDM  Feaiurei    the  Cork  Miver^valkjfB.   Jiff  J.  Portbb. 

The  attduvr  diaeuaeea  the  apecial  features  which  are  preaented  by  the  drainage 

system  of  Cork  county,  including  the  abrupt  chanpo  of  course  which  transfers 
each  of  the  trunk  rivers  of  the  east  from  one  loniritndinnl  stmth  to  n  m'"»re 
southerly  one,  and  the  more  or  less  straight  and  meruliuual  character  of  the 
cross-courses.  The  paper  connects  the  abrupt  ehangea  from  one  main  strath  to 
another  with  glacial  interference;  while  it  assigns  to  faulting  and  the  rapid  flow 
of  the  pre-Gluciul  streams  conjointly  the  determining  part  in  bringinpf  about  the 
meridional  character  of  the  cros^ouraes  and  many  of  the  tributary  glens. 


5.  The  Peat-hoge  qflreUmtL   By  Tniemw  T.  JoBmoN,  DJSc, 

The  author  gmve  an  aooonnt,  iUvstrated  by  a  laiige  map  prepared  bj  tlie 

Intelligimce  and  Statistical  Branch  of  the  r<K;ently  created  Department  of  Agji' 
culture  and  Technical  Instruct  i  ri  for  Ireland,  of  the  distribution  of  the  bogs  of 
Ireland^  which  coTer  1,861  t^uare  miles,  or  nearly  0  per  cent,  of  tbe  surface, 
chiefly  in  counties  Donegal,  Mayo,  and  Qalway,  and  in  the  central  plain,  as  tbe 
Bog  of  Allen.  Their  average  depth  is  StS  feet.  An  account  was  given  of  the 
character  of  the  different  layers  of  a  ho<^  as  seen  in  a  vertical  section,  and  an  ex- 
planation suggested  of  the  origin  of  a  bog-»Iide.  Specimens  of  the  bog-flora,  of  tbe 
oiilhtent  kinda  of  peat,  and  of  the  economic  products  derivable  from  turf  or  peat,  lent 
ftom.the  Botanical  CoUectiona  of  the  National  Maaeam  m  Dublin,  were  exhimtad. 


6.  The  Island  of  Sakhalin  and  its  Inhahitanlt.    By  C.  H.  Hawes,  B.A. 

The  Siberian  island  of  Sakhalin  has  hitherto  remained  unexplored  by  English- 
men. Having  overcome  the  difficulties  of  approach,  I  was  suapected  of  being  a 
military  spy  on  landing. 

The  remoteness  of  the  island  i.s  emphasised  by  the  fact  that  commtmications 
are  absolutely  cut  ofl'  during  hnlf  the  winter,  and  for  the  other  half  are  dependttit 
on  natiye  dog-sledges  driven  across  tha  froien  Strait  of  Tartary. 

A  brief  htetorieal  dretch  of  the  diaoovery  of  tbe  laland  telb  of  tbe  firat  known 
expedition,  made  by  the  Japanese  in  1613,  followed  by  the  Dutch  captain,  Vriaa» 
in  1643.  La  P^rooae  visited  Sakhalin  in  1787,  an  English  captain,  Broughton, 
in  1796,  and  Kruzcnstem  during  the  years  1803- 180C;  but  none  of  these  suc- 
ceeded in  navigating  the  Strait,  or  as  it  was  then  called,  the  Gulf,  of  Tartary. 
Finally,  in  1840,  the  long* thought  peninsula  was  demonstrated  to  be  an  island 
by  Captain  Novebky.  Native  legends  are  still  current  which  tell  of  a  neck  of 
land  connecting  the  mainhuid,  and  these  find  possible  support  in  the  fauna  and 
flora. 

*  A  backbone  of  monntoinsi  culminating  in  Movnt  Ilaehaity  neatly  C/)00  ftet 
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high,  BtrdtehM  througrhoat  tlM  length  of  the  Mrad,  wliich  it  liUle  short  of  600 

miles  Except  for  clearings  around  isolated  Russian  penal-Mtdements  the  sur- 
face is  mainly  covere  d  with  dense  forests,  the  home  of  the  bear,  reindeer,  wolf, 
fox,  sable,  Sec. ;  and  though  swampy  regions  exist,  the  general  character  it  better 
described  by  the  Siberian  term  '  taiga '  than  *  tundra.' 

GeologiOftUy  the  island  belongs  to  the  Tertiary  period,  argillaceous  aanditOM 
and  calcarenns  srhist  being  much  in  evidence,  while  coal  is  ahmidllllt  00  tbt  Wtt 
C0a5t.    No  traces  of  rec«'nt  volcanic  action  are  yet  to  hand. 

The  middle  of  the  inland  forms  the  watershed  of  two  rivers,  each  with  a  course 
of  about  300  miles,  one  flowing  north  and  the  other  south. 

The  climatic  conditions  comprise  extrfMno  cold  in  winter  with  heavy  falls 
of  snow,  but  the  annual  rainfall  is  less  than  thut  of  England.  The  prevaUing 
exaggerated  notions  of  constant  fog  need  to  be  dispelled. 

The  inhahitBiiti  of  the  ielaod  ooosiat  of  («)  Native  tribes^  and  (h)  Roaeiaiia. 

(a^  Natives.— TviLcas  are  found  of  extnict  dwarf  pit-dwellers.  The  present 
inhabitante  comprise  five  diflferent  tribes  or  races,  (i)  Ainwt  hi  Uie  south  of  the 
island;  n  dying  race,  (ii)  Oiialcs,  a  semi-Mongol.  simi-Tangus  tribe,  (iii)  Orot- 
chons,  a  more  pronounced  Tungus  tribe,  (iv)  Fah'ts,  with  oulj  thirteen  repre- 
aeoUtives.    (v)  Tunguae*^  the  great  hunters  of  the  island. 

{b)  Jtutdant, — Siudialiii  is  a  Runian  penal-settleiiieiit,  with  a  white  population 
consisting  of  convicts,  ex-convicts,  and  ofHcinls.  There  are  comparatively  few 
political  exil^,  but  a  large  percentage  of  murderers.  Thousands  of^  the  latter  are 
at  large  under  surveillance;  and  many  escape  from  the  prisons  into  the  forests, 
lendering  travelling  unaafo. 


TUESDAY,  SEPTEMBKU  16. 

The  fbllowins  Bapen  and  Beport  were  read:— 

L  TK&  Motives  of  ArUarciic  Exploration, 
Hugh  Bobsbt  Mill,  J}.Se*t  LL,D, 

The  motives  which  underlie  the  etlbrts  to  solve  the  problem  of  the  Antarctio 
regions  and  the  nature  of  that  probhwihaTe  changed  from  age  to  age. 

With  the  andent  Greeln  it  was  a  mere  acaaemic  speculation  as  to  whether 
there  were  Antaietic  ssgiona  or  not,  in  other  words  a  discussion  as  to  the  figure 

of  the  Earth. 

After  Aristotle's  demonstration  that  the  Earth  is  a  globe  the  question  came  to 
be  whether  the  Antarctic  redone  were  accessible,  and  the  theonr  of  lones  of 
climate  answwed  it  in  the  negative,  as  it  was  belieyed  tbatlifo  in  the  torrid  sone 

was  impossible. 

In  tue  early  middle  ages  belief  in  Antipodes,  either  of  the  west  or  of  the  south, 
was  stigmatised  as  a  pagan  error,  and  many  prominent  upholders  of  the  belief  in 

the  existence  of  Antarctic  regions  were  excommunicated. 

The  necessity  of  finding  a  seu  route  to  India  for  commercial  purposes  led 
eventually  to  the  crossing  of  the  tropics  and  the  circumnavigation  of  A&ica  and 
Amenca* 

Belisfin  the  existence  of  a  great  southern  continent  extending  even  to  tibe 
tropics,  derived  from  the  beliefs  of  Ptolemy  and  stimulated  by  discoveries  of 
islands  on  the  vexge  of  the  unknown,  led  to  all  the  southward  exploration  of  the 
aixteendu  seventeenth,  and  eighteenth  centnrjes»eu)mmating  in  the  seomid  voyage 
of  Captain  Cook,  who  proved  that  the  Antatttie  continent,  if  it  existed,  nownere 
penetrated  far  into  the  temperate  zone. 

Commercial  motives,  actuated  by  Cook's  discoveries  of  fur  seals  and  oil  seals 
in  South  Georgia,  ensured  active  Antaretie  exploration  by  sealers  from  17£^  to 
1839,  the  moat  suceosafiil  in  advancing  knowledge  being  Pwmer»  Weddell|  Biscce^ 
aodBalleny. 
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Thft  daiin  to  give  ieoanty  to  aailing-sUips  nmniiig  a  grMt-diefe  omdm 
AustraliA,  IndiA,  and  China  bjr  impiOfing  kiiowlt^dge  of  magoetic  variation 
helped  to  produce  the  frr^at  expodition  of  Sir  James  Clark  Ross  in  183d-43*lld 
stimulated  thuae  of  Wilkes  aud  iJumont  D'UrriUe  about  the  aame  time, 

Sabsequent  attempte  at  ooaunmeial  ezplinati«m  have  Ihilad,  and  only 
ttOtiva  DOW  acting  is  the  puniait  of  pure  8cit>uot>  for  itt  ovm  sake  ;  and  this  has 
gent  out  the  *  Helgioa'  expedition,  thu  iiriti^b,  (i(*rman,  and  Swe^lish  expeditiona 
BOW  in  the  lield,  uid  will  send  oat  Mr.  liruce  s  expedition  from  Scotland. 


2.  The  SeoUiih  JSTaiionai  AntareUe  ExpedUion,   By  W.  B.  Bbuci. 

The  object  of  the  Scottish  National  Antarctic  Expedition  is  to  speciaii^  iu 
oceanography  and  meteorology;  but  biology,  geology,  and  nagnetisin  will  alio  be 
actively  pursued.  Its  sphere  of  operations  be  the  south  of  the  South  Atlantk? 
Ocoai],  hetwwn  the  tracks  of  the  SwediBh  und  (iprman  expeditious.  The  hh?<  -  of 
the  exptxiitiou  will  be  the  Falkland  Islandn,  and  from  there  a  course  will  be 
tteerad  aoutii-eaat  to  tbe  Sandwich  group,  and  tbenoe  aoutb  into  tbe  WaddaU 
Sea.  During  the  summer  an  attempt  will  be  made  to  reach  as  far  souUi  aa  poi^ 
sible  without  incurring  the  risk  of  the  fship  hecominpr  frozen  into  the  ice  in  the 
winter,  for  it  is  intended,  by  keeping  the  ship  free  during  that  season,  to  continue 
the  seient^o  ^rork  up  to  and  outside  of  the  limit  of  the  polar  ioa.  A  wintering 
party,  composed  of  tev*  rul  of  the  sdentific  staff,  wUl  also  be  left  inliheaovtb  n 
ninds  permit.    Tlif  exp*»<lition  will  be  absent  for  a  period  of  two  yeait. 

The  ship  is  a  rebuilt  Norwegian  whaler,  and  has  been  named  the  'Seolia»'  GBn 
is  a  barque-rigged  auxiliarj  setew  ateamer  of  about  400  tona.  Sbe  earriea  a  enm 
of  twentv-five  and  a  scienti6c  staff  of  eight.  Mr.  W.  8.  Bruce,  the  leader^  bti 
appointed  Captain  Thomaa  Robertson,  of  Peterhead,  to  command  the  ahq^ 


3.  The  Inlet  of  Rockall.    By  Her.  W.  Spotswooo  Grken,  F.R.G.S. 

In  June  IhDU  the  author  had  the  rare  opportunity  of  conducting  a  scientitic 
expedition  in  the  as.  (Qranuaile,*  plaoed  by  the  Congeated  Districts  Board  of 
Ireland  at  the  disposal  of  the  Royal  Irish  Academy  for  the  purpose,  to  Rockall, 
the  most  outlyinfr  speck  of  the  British  Islands,  It  stands;  on  a banlc  to  tli.<  X.AV.  of 
Ireland,  cut  otl  from  the  British  plateau  by  a  great  abyss  of  l.fiOO fathoms. covered 
with  the  fflobigerina  ooze  of  the  ocean  depths,  into  which  that  plateau  suddenly 
deteends,  nom  a  depth  SOD  fathoms,  the  edge  of  the  plateau  being  found  to  be 
composed,  wherever  tbe  author  baa  tiawled,  chiefly  of  erratie  aafaaqgnlar  Uodi 
or  boulders. 

The  rock  consists  of  a  single  tooth  of  granitoid  rock,  of  such  special  character 
that  it  beui  the  name  of  'rockalite.'  Close  by  the  main  rock,  which  in  only 
70  ibet  Ugh  and  about  75  yards  in  cirrumference,  the  Haslewood  Rock  appears 
above  wat<?r  at  half  tide,  while  two  miles  to  the  N.E.  a  rocky  ridcr'^  known  as 
Hellen's  iieef  comes  within  6  feet  of  the  surface,  and  constitutes  the  greatest  dangt? 
of  the  locality.  Within  20  yards  of  Rockall  we  got  90  ikthomaof  water,  and 
the  soundings  at  a  short  distance  from  any  of  the  rocks  is  70  fa^oms.  The 
100  fathom  line  follows  the  general  outline  of  the  whole  bank.  So  far  a? 
soundiutfs  go  Rockall  is  more  connected  with  the  Arctic  area  than  with  the 
BrltishTslanda. 

From  its  situation  the  iknna  of  the  iaiet  and  bank  ml^t  be  expected  to  diiar 
from  that  of  the  British  seas,  and  &orae  interesting  specimens  of  animal  life  not 
belonging  to  the  British  fauna  were,  in  fact,  discoverea  in  trawling  on  the  bank. 
The  Great  Shearwater  was  isen  on  the  idet,  bat  tiie nesting-place  of  this  bird  was 
eought  in  vain 

In  the  sixteenth  century,  one  of  Martin  Frobisher's  ships,  a  *Bussp,'  when 
returning  from  the  Arctic  diiscovered  an  island  of  several  miles  in  extent  about  the 
position  of  Rockall.   Rockall  and  its  reefs  are  not  referred  to  in  charts  or  writings 
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of  that  period.  WbotW  this  'Land  of  Bam '  eonld  have  heen  Roekall  or  ao^ 

prior  to  its  last  stage  of  denudatiooy  hta  heon  folly  diacnned  hy  Mr.  MUlor 
Ohristy  ;  he  inclines  to  the  negative. 

The  old  charts  al^  indicate  an  ialet  called  Hyhrasail,  about  300  mil^  to  the 
soath  of  Bockall,  and  it  seems  a  atTUige  ooineidenoe  that  this  also  should  occupy 
a  iito  approximately  the  same  as  the  Porcupine  Bank,  discoYflied  witliiii  the  last 
eentury,  and  rising  as  an  isolated  patch  of  ahoal-water  on  the  TOiy  utmost  limit 
of  the  British  plateau. 

A  number  of  photographs  illustrating  fairly  well  the  appearance  of  this  lonely 
ide  were  shown. 


4.  Chamtoood  Forest,  a  Bnr'wd  Triaaaxc  Landttape, 
By  Professor  W.  W.  Wattb.  F.G,S. 


5.  Second  BepoH  cn  Torntltnid  Swrfium  YTatwt  cmcf  Wane'Uke  Surfaeei* 

See  Reports,  p.  28d« 


6.  ^ole  on  Captain  Sverdrup*8  North  Polar  Eocpeditifn^ 
By  Sir  Clements  Makkham,  K,C,£,,  I\Ji.S. 


7.  With  Lieutenant  Peary  in  Oreenland. 
By  PrdEesBor  William  Libbiky,  ScD, 


Digitized  by  Google 


088 


REPORT — 1902, 


SsoTiOM  F.-~£CONOMXC  SCXENCB  AND  STATISTICS. 

rBBBiAXNT  OP  TUB  Sbotioit — EswiiT  Canxak,  MA.,  LL.D. 


TnUJtSDA  Y,  SKPTEMBKR  11. 

The  FnsidMit  daUvend  tb«  foUowing  AMnm 

If  H  hippened  every  year  Uiat  the  Pre»dent  of  this  Saetioii  mdertook  to  justiff 
hiB  own  existence,  I  am  afraid  the  Section  would  become  weary.  But  my  foar 
disting^hed  predecessoni  have  all  been  drawa  £rom  the  Civil  Service,  and  though 
each  of  us  may  have  doubts  about  particular  branehai  of  the  Oifil  Senrioe,  w»  ait 
motCtj  willing  to  allow  that  as  a  whole  it  is  at  least  a  naoMiary  avil,  so  that  we 
do  not  ^t  apolog^iea  from  the  Presidents  who,  so  to  speak,  represent  the  practice 
of  political  economy.  I  hope,  therefore,  that  you  will  bear  with  me  if  I  offer 
some  reasons  for  thinking  that  the  teaching  and  study  of  the  theory  of  economics 
ia  nol,  aa  many  people  aaeat  to  auppose,  a  wholly  rnmacMaaiy  evil,  hat,  on  Aa 
oontrar}',  a  thing'  of  very  great  practical  utility. 

I  do  not  mean  to  argue  that  a  knowledge  of  economic  theory  will  enable  a 
Bum  to  conduct  his  private  business  with  succesd.  Doubtless  many  of  the  par- 
tieuhur  anlweela  of  atody  which  come  under  the  head  of  economics  are  nseftil  in  the 
eondiict  of  business,  but  I  doubt  if  economic  theory  itself  ie.  It  does  not  indeed 
in  any  way  disable  a  man  from  8U(x»s8ful  conduct  of  business ;  I  have  nevi-^r  met  a 
competent  economist  who  was  in  a  position  of  pecuniary  embarrassment,  and  many 
gooaeeQaoniata  have  died  wealthy.  But  eeooonnetfaeoffT  doaa  not  tell  anas  tM 
eiaet  momant  to  leave  off  the  production  of  one  thin^^  ana  begin  that  of  another ; 
H  does  not  tell  him  the  precise  momeut  when  prices  have  reached  the  bottom  or 
the  top.  It  is,  perhaps,  rather  likely  to  make  him  expect  the  inevitable  to  arrive 
hit  eoonar  than  it  eetually  does,  and  to  make  him  indeiTate^not  the  foresight,  bat 
the  want  of  foieaight  of  the  rest  of  the  world. 

The  practical  usefulness  of  economic  theory  is  not  in  private  business  bat  in 
politics,  and  I  for  one  regret  the  disappearance  of  the  old-name  'political  economy/ 
m  whidi  that  trath  waa  recogmaad. 

One  of  the  commooeat  eomplaiata  of  the  time  ia  that  thm  ia  no  test-hook  of 
economics  which  commands  any  really  wide  ftpproval,  and  you  may  therefore,  f 
think,  fairly  ask  me  to  explain  what  I  mean  by  the  teaching  and  study  of  economic 
theory  before  I  nodertake  to  proTO  its  practical  uieftihieie  in  the  diaooaaioa  af 
legislative  and  adminiatmtive  measures.  I  will  therefore  endeavour  to  akebAaa 
shortly  as  possible  tlie  course  of  instruction  which  the  modem  teacher  of  economic 
theory,  if  unhampered  by  too  close  adherence  to  traditional  standards,  pats  before 
those  who  come  to  him  for  instruction. 

The  frety  or  almost  the  first,  thmg  he  will  do  is  to  try  to  open  the  eyes  of  hii 
pupils  to  the  wonderful  way  in  which  the  people  of  the  whole  civilised  world  now 
co-operate  in  the  profluction  of  wealth.  He  may  perhaps  read  them  Adam 
Smith's  famous  description  of  the  making  of  the  labourer's  coat,  a  description  which 
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nquiftd  three  genmitioiWMid  tlivee  grett  writers  to  dilionite  in  the  form  hi  which 

we  know  it*  Or  he  will  ask  them  to  consider  the  daily  feeding  of  Ix)ndon. 
There  arc,  he  will  point  out,  six  millions  of  ]H)ople  in  and  aljout  London,  so  closely 
packed  together  that  they  cannot  grow  anything  for  their  own  consumption,  and 
vet  erery  morning  their  food  arrives  with  unfailing  regularity,  so  that  all  hut  an 
infinitesimal  fraction  of  them  would  he  extremely  surprised  if  they  did  not  find 
their  breakfast  ready  to  linnd.  To  preparf^  it  they  use  coal  which  has  beon  duj^ 
from  great  depths  hundreds  of  miles  away  in  the  Midlands  or  Durham  ;  in  con- 
Buuiing  it  they  eat  and  drink  products  which  have  come  from  Wiltohiru,  Jamaica, 
Dakota,  India,  or  ChinSi  with  00  more  thought  then  an  infiut  oonsnmittg  Its 
mother's  milk.  It  is  clear  that  there  is  in  existence  some  macbinerv,  some 
organisation  for  production  which,  in  t^\nto  of  occai<ional  failures  here  and  there, 
does  its  work  on  the  whole  with  extraordinary  success.  It  is  easy  to  be  pessi- 
miftie,  especially  when  the  weetber  is  damp,  and  we  are  apt  to  conoentrate  our 
attention,  nnd  to  endeavour  to  make  others  concentrate  their  attention,  On  this  or 
that  defect,  and  to  forget  that  the  8vsteai  is  not  mado  up  of  (lerect>«,  but  on  tho 
whule  works  very  well.  Imagine  the  report  of  a  really  outside  observer.  In  all 
dvilisad  planets,  I  have  no  douht,  there  must  he  an  institution  more  or  lees 
resembling  the  British  Association.  An  economist  in  Mars,  let  us  say,  has  been 
favoured  with  a  gHmpse  of  this  island  through  a  new  mammoth  telescope  of  sufH- 
cient  newer  to  let  him  see  us  walking  about,  and  he  is  reporting  to  Section  F 
what  he  saw.  Will  he  say  that  he  saw  a  confused  scramble  for  the  scanty  natural 
products  of  the  earth  P  That  most  people  wen  obviondj  in  a  state  of  starvation  ? 
That  few  had  clothes  ?  And  that  scarcely  any  were  housed  ?  No,  truly ;  he  will 
be  much  more  likely  to  report  that  he  saw  n  wonderfully  orderly  population, going 
to  and  from  its  work  with  amazing  regularity,  without  a  sign  of  eompulaioii  or 
unwillingness ;  that  it  appeared  to  be  md  and  clothed  and  housed  in  a  way  extra- 
ordinarily  creditable  on  the  whole  to  some  mjaterions  Ofganisatioui  the  nature  of 
which  he  could  only  guess  at. 

Having  andeavound  to  make  his  pupils  recognise  that  we'  are  organised,  and 
that  the  oi^anisation  works,  tiie  teacher  will  go  on  to  show  how  it  works: 
why  things  that  are  wanted  are  produced  in  the  places  where  they  can  be  easiest 
produced  and  taken  to  the  places  where  it  is  most  convenient  to  consume  them  : 
why  people  go  to  live  in  large  numbers  in  spots  where  it  is  desirable  they  should 
work,  and  iMve  great  areas  sparsely  inhabited ;  why  more  people  are  hrought  up 
to  follow  an  occupation  when  the  aesire  for  its  products  increases,  and  fewer  when 
it  decreases;  why  if  the  harvest  is  short  the  consumption  is  economised  so  as  to 
spread  it  over  the  year ;  and  so  on.  The  answer  to  all  these  questions  is  of  cour^ 
*  self-interest '  or '  the  hope  of  gain.'  Durham  coal,  Wiltshire  milk,  Danish  butter, 
Jamaica  sugar,  Dakota  wheat,  and  China  tea  pn  tn  London  because  it  pays  to  send 
them  there.  People  congregate  in  Ix)ndon  or  lieltaat  because  it  j)aysthem  to  work 
there.  More  do  not  come,  becauj>o  it  would  not  pay  them,  loung  people  leave 
agrieultura  and  go  to  towna  to  make  agricultural  implements  or  bicycles  because 
it  pays.  The  consumption  of  ^nin  is  economised  and  spread  over  the  year  because 
it  pays  to  hold  the  stock.  It  ]>eople  with  one  aocora  left  off  doing  what  paid 
we  should  all  be  dead  in  two  months. 

The  reasons  why  it  pays  to  do  the  right  thing-^to  do  nearly  what  an  omni- 
scient and  omnipotent  benevolent  Tnca  would  order  to  he  done — are  to  be  looked 
for  in  the  laws  of  value.  This  used  to  be  reparded  a.«  a  somewhat  arid  mulmct, 
but  the  discussions  of  recent  years,  especially  the  contribution  made  by  Jevon^  atid 
the  Austrian  school,  have  ftrtUised  it.  Long  ago,  economists  pointed  out  how  the 
much-abused  corn-dealer  who  held  out  for  a  higher  price  saved  the  people  from 
starvation  ;  and  we  now,  thanks  to  the  theory  of  final  utility,  not  only  know  that 
it  is  a  iact,  but  also  whv  it  is  a  fact,  that  value  rises  with  the  extent  and  uxgen^ 
of  demand,  so  that  when  a  thing  is  much  wanted  much  ia  ofTered  to  thoaa 
who  produce  it,  or  are  ready  to  part  with  it,  and  conaequflntly  its  production  » 
stimulated  or  its  consumption  economised,  as  need  be. 

This  will  uaturally  lead  to  the  question  of  distribution — the  auestion,  that  is,  why 
much  of  the  produce  falls  to  the  share  of  one  individual  and  little  to  that  of  another ; 
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why,  in  a  worJ,(»orae  are  rich  and  otliorspoor.    The  teacher  will  here  explain  that 
the  share  of  each  person  depends  on  the  amount  and  Talue  of  hie  contribution  to 
piDdoctioii,  wheUier  thtt  oontrilmtion  be  labour  or  tbe  use  of  property.  Mb  wfll 
thow  bow  this  ajatem  of  diatribution  ia  essential  to  the  eTtating  system  of  prodoo- 
tion,  wliere  no  man  is  compelled  to  work  or  to  allow  his  property  to  be  u«»m1  by 
others,  and  whore  every  man  hiis  legal  freedom  to  choose  his  own  occupation  and 
tbe  uses  to  which  he  'mil  put  bis  property.    He  will  beware  of  claiming  for  it  that 
it  is  just  in  the  sense  in  wnich  justice  is  understood  in  the  nurseriee  where  jam  ia 
piven  when  tiie  children  are  good.    Tliorc  is,  he  will  cvplnin,  no  claim  on  behalf 
of  the  system  that  it  rewards  moral  excellence,  but  only  that  it  rewards  ecnnomic 
service.   There  is  no  claim  that  economic  service  ia  meritorious.    Whether  a  man 
can  and  does  perform  valuable  economic  service  doee  not  hf  any  ineua  depend 
entirely  on  liis  own  volition.    Ills  valuable  property  may  have  come  to  him  by 
bequest  or  inheritance;  his  incapacity  to  do  any  but  th(»  lea'st  valuable  work  may 
be  the  result  of  conditions  over  which  he  has  hud  uu  control.    The  system  exists 
not  because  it  ia  just,  or  to  reward  merit,  but  becsose  it  is  inextrioablj  mixed  ttp 
with  the  system  of  production.    It  has  one  great  evil    its  ine<[uality.  Moralists 
and  statesmen  have  long  seen  the  evils  of  groat  inequality  of  wealth,  and  now, 
thanks  to  modern  discoveries  in  economic  theory,  the  economist  is  able  to  explaiii 
tbat  it  is  WBStefuly  that  it  makes  a  giteii  amount  of  produce  less  vssAil,  beeanse 
each  succeasive  increment  of  expenditure  yields,  as  a  rule,  less  enjoyment  to  the 
spender.    The  teacher  will  go  on  to  show  how  this  organisation  of  production  and 
distribution  is  made  possible  by  the  order  enforced  by  government^  and  how,  in 
▼arioos  ways,  goTemment  supplements  or  modifies  it;  ont  I  shall  not  enlarge 
upon  this  pkart  of  the  teaching  of  economics,  as  its  practical  usefulness  ia  olmoiis. 
My  theme  is  the  usefulness  of  the  other  part,  tbe  explanation  of  the  organisation 
of  production  and  diatribution  in  so  far  as  it  depends  on  separate  property,  free 
laboor,  and  the  consequent  ac^on  of  self-interest. 

In  tliH  first  plaoe,lBiaintatn  that  the  wirL-spread  dissemination  of  such  teaching 
would  lulp  fc  do  away  with  avast  amount  of  most  disastrous  obstruction  of  neces- 
sary acd  desirable  changea.   Take,  for  example^  the  obatruction  offered  to  changes 
in  international  trade.  Of  ooune  eyeij  conceiTable  argumant  has  been  used  by 
different  writers  in  wholly  di^rent  drcumatancea  for  ohstmeting  die  co-^psntion 
of  mankind  in  production,  as  soon  as  it  oversteps  a  national  boundar}-.    But  what 
is  the  real  support  of  this  kind  of  obstruction;-    Obviously  the  fact  that  certaio 
producers,  or  owners  of  certain  means  of  production,  are  damaged  by  an  increase  in 
the  importation  of  a  particular  article.  Their  loss,  their  snmring,  if  their  loss  is 
severe  enough  to  deserve  that  name,  appeals  to  popular  compassion,  and  their 
rec|uest  for  '  protection '  is  easily  granted,  the  new  trade  is  nipj>'  d  in  the  bud.  and 
things  are  forced  io  remain  in  their  accustomed  channeb.    The  same  priucipie  is 
not  apnlied  as  between  county  and  county  or  between  pvoyinoe  and  proTines, 
simply  because  there  is  then  visible  to  everyone  an  opposing  interest,  the  interest 
of  tne  new  pri)ducers,  within  the  hallowed  pale  of  the  national  boundary,  Adam 
timith  telli>  us  that  when  the  great  roads  into  liondon  were  improved,  some  of  the 
landlords  in  the  home  counties  protested  on  the  gronnd  that  Ihe  oomp^^tition  of  the 
more  distant  counties  would  reduce  their  rent.    The  home  counties  did  not  get 
the  protection  they  wanted,  beeanse  it  was  obviously  to  the  interest  of  the  more 
distant  counties  that  they  should  not  have  it.    These  two  interests  being  balanced, 
the  interest  of  the  consumer,  London,  turned  the  scale.  So  it  usually  happens 
that  beneficial  changes  in  internal  trade  are  allowed  to  take  their  course  without 
obstruction  because  the  votes  of  two  sets  of  producers  counteract  each  other,  aiid 
the  consumer's  interest  settles  the  question,   liut  in  international  trade  one  of  the 
two  sets  of  producars  is  outside  the  country :  it  consists  of  hated  foreigners,  the  ftct 
tbitit  will  nenefitia  an  argument  against  rather  than  for  tbe  threatened  change 
in  trade,and  the  consumers  therefore  feel  itpatriotii*  fo  jsacrifice  their  own  intrrest 
and  vote  for  protection.   But  if  they  were  properly  instructed  in  economic  theory 
they  would  see  at  once  that  sneh  magnainmity  is  entirely  misplaced.  They  wodn 
see  that  it  would  cut  away  all  international  trade,  flinoe,  if  there  were  no  fallacy 
involved  in  it,  the  stoppage  of  each  import  taken  ssparately  would  benefit  horns 
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Sroducers  and  damage  foreign  producers.  Even  if  some  of  the  imported  commo* 
itiflt  eouU  not  be  prodneed  at  all  at  home,  tabttitiiteii,  nnora  OP  1ms  oflkss&t* 

eould  be  produced  and  give  all  the  more  employment.  Having  acquired  some 
notion  of  the  advantages  of  co-operation  and  the  territorial  division  of  labour,  the 
coDSumers  would  regard  this  as  a  reductio  ad  abnu'dwUf  and  after  thinking  a 
Utkla  fortlier  the^f  would  aoon  see  that,  after  all,  then  is  another  set  of  prodneerSf 
aotoal  or  }>otentiaI,  within  the  country  who  will  gain — namely,  the  productiat 
preaent  or  Intiire,  who  will  supply  the  articles  which  are  to  go  abroad  in  exchange 
tor  the  new  miport.  They  will  oee  that  what  they  are  asked  to  do  ia  not  to  main* 
tain  the  amount  of  national  paroduction,  but  merely  to  prsTnt  a  change  m  its 
character  which  ivill  ha  accompanied  by  an  increase  in  its  amount. 

Take  another  example  of  Chinese  obstructiveness  to  desirable  change.  As 
great  cities  grow,  it  becomes  convenient  that  their  centres  should  be  devoted  to 
offices,  warenooses,  and  diope,  and  that  people  who  wotfc  m  these  places,  and 
still  more  their  families,  should  live  in  the  outskirts.  I  do  not  know  that  anyone 
has  denied  this.  Certainly  the  frreat  majority  are  willing  to  admit  it.  At  one 
time  it  is  believed  that  a  quarter  of  a  million  people  lived  in  the  square  mile  com- 
prised  within  the  City  of  London ;  no  one  supposes  that  would  be  convenient  now. 
There  is  no  reason  to  suppose  that  further  change  in  the  same  dirsction  will  not 
be  desirable  in  the  future.  Yet,  hu  rttllMf  as  it  will  appear  to  future  generations, 
])ublic  opinion,  the  House  of  Commons,  the  London  County  Council,  and  some 
town  couiicils  think,  or  at  any  rate  net  as  if  they  thought,  that  the  process  has 
now  gone  far  enough  and  ought  to  be  stopped;  as  if  the  state  of  thhigs  reached 
about  the  year  1801  was  tn  be  permanent,  to  last  for  ever  and  over.  Private 
owners  are  indeed  still  allowed  to  pull  down  dwelling-houses  and  erect  shops  and 
oHices,  but  tbey  are  abused  for  doing  so,  and  their  liberty  is  at  least  threatened. 
Baft  if  a  new  railway  or  a  new  street  is  made-^in  all  probability  with  tibe  inten- 
tion of  increasing  the  accessibility  of  the  centre  from  the  suburbs— if  even  a  new 
London  Board  School  is  built,  and  }ioii«es  iiihabite<i  bv  persons  who  have  less 
than  a  certam  income  are  pulled  down  in  uiiy  of  these  processes,  it  is  required 
by  law  or  pariiamentary  resolution  that  other  houses  Ibr  these  people  must 
be  built  in  the  neighbourhood.  So  it  comes  about  that  there  are  in  quarters 
of  London  most  unsuitable  for  the  purpose  enormous  and  repulsive  barradc 
dwellings,  the  sitea  of  which  are  devoted  in  sectUa  Mculoi-um  to  the  housing 
of  the  wvsldng  classes ;  while  the  immwise  coat  of  devoting  them  to  this  instm 
of  to  their  jnoper  purpose  is  debited  to  the  cost  of  improving  the  facilities  for 
locomotion  or  to  education,  and  is  defrayed  principally  by  the  rates  on  London 
property,  which  chietly  consists  of  houses,  and  to  some  extent  by  the  higher 
charges  oD  the  railways  consequent  on  the  rsstriction  of  facilities  for  extension. 
Fifty  pounda  a  head  is  the  average  loss  involv(>d  to  the  rates  of  London  on  eTefy 
man,  woman,  and  child  for  whom  tbe.>«e  dwellincr''  are  provided.  Such  is  the 
wisdom  of  practical  men  uninformed  by  instruction  in  economic  theory. 

This  palpable  afasuidity  eould  never  have  been  nerpetrated  if  the  general 
working  of  the  eoonomie  organisation  had  been  unaerstood.  In  that  case  it 
would  have  been  seen  at  once  that  the  extrusion  of  over  200,(K>0  inlmbitanta 
from  the  City  of  I^ndon  iu  the  past,  which  is  admitted  to  have  been  desirable, 
was  efiViCted  by  the  quiet  operation  of  the  laws  of  value.  It  would  have  been 
seen  that  as  it  beeame  desirable  to  turn  the  City  to  other  purposes,  the  ground 
in  the  City  became  too  vnlnjible  to  use  as  bedrooms  and  as  livin}.'-rf»nins  for 
mothers  und  children,  and  this  increase  of  value  drove  out  the  :i(X>,OlKJ  inhabit- 
ants. It  would  have  been  seen  that  the  change  had  not  come  to  an  end,  and 
no  vesponriUe  body  would  have  dreamt  of  putting  themselves  in  opposition  to  it 
by  buying  sites  and  writing  them  ilown  to  2  ])or  rent,  of  their  actual  value  in 
order  that  they  mi'.'ht  }>e  tied  U]>  for  ever  and  <  \  ti>  b<(  the  home.x  of  a  certain 
number  of  persons  with  less  than  a  certain  income,  if  some  unusually  dense 
iBdividnal  who  had  finled  alter  many  attempts  to  pase  his  examination  in 
eOMIomic  theory  had  proposed  the  policy  which  has  been  adopted,  he  would 
have  been  >u»kea  two  questions  :  tirst,  *  "What  peculiar  sanctity  is  there  about  the 
position  occupied  in  the  dosLOg  years  of  the  uixieteenth  century  ?    Why  should 
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tliitbeflUfeotTpedfor  all  timeP  Wli^  ahoaU  not  the  |MMiti<m  it  t]ie  end  of  Ike 
Mventeenth  oentiuy  hm  been  maintained  P   Why  should  we  not  endeaTonr  to 

restore  the  working  classes  to  tlieir  old  home  in  the  Citv,  and  rt>ninre  thf  Hfknk 
of  England  to  Tooting? '  Secondly,  '  Whom  do  you  imagine  you  will  benelil 
by  the  policy  you  propose P' 

It  is  difficult  to  oonceive  of  any  answer  to  the  first  question.  To  thSMeoad 
the  reply  of  the  dunco  wmild  of  rourse  be  that  he  thought  the  pnlipy  propo^^ 
woald  benefit  the  people  buu^d  ou  these  expensive  sites.  Tim  answer  would 
tX  ODoe  be  condemned  m  nnsatisfiietory.  To  build  houses  on  land  worth  100,000^ 
and  let  them  tt)  the  first-comers  of  re8])ectuble  antecedents  at  rents  which  would 
pay  if  th<'  land  were  wortli  2,000/.,  would  be  a  very  stupid  «»ort  of  alm^j^vmj-  if 
these  reispeclable  firut-comers  actuaUj  got  the  difl'erence  between  the  iutere;:t  ou 
the  100,000/.  and  the  2,000/1  Bat  no  one  supposes  that  they  do  get  this  difference 
or  any  conside  rable  ^^urt  of  it.  The  difTerence  is  almost  entirely  pun  loss  to  the 
community.  The  chief  imm»  dtr\tc  (^iTrft-  of  tlie  policy  are,  first,  to  retain  in  the 
centre  the  men,  women,  and  children  who  inhabit  the  dwellings;  secondly,  to 
re^u  other  workers  who  perform  various  offices  for  these  inhabitants  ;  and  tliirdlj, 
to  ensure  a  supply  of  labour  for  factories  which  -would  otherwise  (to  tlie  advantage 
•  of  everyone  concem<'rl)  bo  driven  \utn  the  rnnnfrv-  by  the  pressure  of  the  high 
wugc't  necessary  to  bring  workmen  to  the  centre  or  to  pay  their  house  rent  if 
they  lived  there. 

So  much  for  the  utilify  of  economic  theory  in  preventing  obstroetioa  of 
desirable  changes.  My  wcond  claim  on  its  behalf  is  that  it  serves  to  hinder  the 
adoption  of  specious  hut  illnt^ory  projects.  This,  I  think,  may  be  ilUi.<tmted  by 
examples  closely  connected  wiiii  tho»c  which  we  have  already  considered  under 
the  head  of  obstruction. 

The  people  who  are  most  anxious  to  obstruct  changes  in  the  channels  of  trade 
which  are  coming  about  of  themselves  because  they  are  profitable,  are  often 
extremely  anxious  to  promote  changes  which  will  not  come  about  of  themselves 
because  tni^  are  not  profitable.  ^  For  this  end  one  of  thor  meet  fiivourite  defrieei 
at  present  is  a  State  or  municipal  subsidy  to  locomotion  or  transport  between 
particular  points.    So  we  have  shipping  subsidies,  free  grants  to  light  railway*, 
the  construction  of  uuproiitable  telegraph  lines  by  the  post  office,  and  the  advocacyy 
at  any  rate,  of  the  constmetum  of  unprofitable  tramways  by  municipalitieai  The 
practical  man,  uninstructed  in  economic  theory,  feels  uneasy  about  such  piojeetf 
becnn';<'  lie  does  not  see  where  he  is  to  stop,  and  he  feels  obscurely  that  a  nnivenal 
subeiUi-ation  would  mean  ruin.   But  he  does  not  see  why  he  should  not  go  a 
little  way,  and  he  goes  suffidently  far  to  InTolve  a  loss  qmce  worth  oonsadering. 
Aknowtodge  of  economic  theory  would  come  to  hia  assist nnce  by  showing  him 
that,  as  a  rule,  the  most  profitable  enterprises  are  those  which  it  is  most  desirable 
to  undertake  lirst,  aud  that  the  aubsidisation  of  the  less  profitable  does  not  create 
new  enterprises,  but  merely  changes  the  order  firom  the  more  desirable  to  the  le^ 
desirable.    I  suppose  that  if  in  1880  Parliament  had  offered  a  sufficient  subsidy 
u  railway  might  liave  been  at  once  made  and  worked  from  Fort  William  to  Fort 
Au^'^ustus,  to  the  great  satisfaction  of  the  inhabitant^}  of  Fort  Augustus  and  the 
intermediate  places.    But  it  is  obvious  that  it  was  more  desirable,  in  the  interests 
of  the  whole  community,  that  the  railway  from  Fort  William  to  Fort  Augustas 
should  wait  for  seventy  years,  imd  that  the  railway  from  Mauchester  to  LivRpooli 
and  many  others,  should  be  made  first. 

Then,  too,  we  find  people  who  are  not  quite  so  stupid  as  to  think  the  working 
classes  should  always  remain  in  the  places  where  they  were  at  the  end  of  tbis 
nineteenth  century,  alleging  that  the  way  to  cure  overcrowding  is  for  locsl 
authorities  to  enter  the  building  trade  in  a  general  way,  and  build  houses  inside  or 
outside  their  districtsi  wherever  it  seems  most  convenient.  To  the  mind  uninstructtd 
in  economic  theory  it  seems  obvious  that  tlie  larger  amount  of  houang  there  is  the 
less  overcrowding  there  will  be,  and  that  tlie  more  housing  local  authorities  pKh 
▼ide  the  more  honsing  there  will  be.  Economic  theory,  with  its  explanation  of 
the  general  workiug  of  the  organisation  of  production,  sug^ts  two  objeciioDS. 
Fitflt,  an  addition  to  the  honiSag  in  any  localitj  will  not  be  efMoal  !■  dhnmiiWpf 
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overcrowding,  in  so  far  as  it  attracts  new  inhabitants  to  the  spot ;  a  policy  Tvhich 
assumM  that  the  comparative  plentifulness  of  houses  is  not  a  factor  in  the  deter- 
mination of  the  enormous  and  perpetual  migration  of  people  from  place  to  place 
which  is  indicated  in  the  ttibles  of  birthplaces  and  liiruw  and  deaths  in  the  census, 
is  doomed  to  failure.  Sect)udly,  economic  theory  suggests  the  reflection  that  the 
mere  fact  of  a  local  authority  building  som«  houses  will  not  cause  the  whole 
number  to  be  greater,  if  for  every  house  built  by  the  local  authontv  one  leas  is 
built  by  private  enterprise,  and  that  this  is  very  likely  to  happen,  tlousee  have 
been  built  by  private  pntfiprise  in  the  past,  ancl  in  these  housef?  nearly  the  whole 
population  is  at  present  housed.  I  Imvo  seen  an  enthusiast  for  municipal  housing 
stand  in  the  empty  streets  of  u  town  late  at  night,  when  every  soul  in  the  towa 
was  evidently  boosed,  and  say,  in  a  tone  of  oonvletion,  'Pkiirate  enterprise  hat 
failed.'  In  that  town  four  small  houses  had  been  built  by  municipal  enterprise 
and  more  than  ten  thousand  by  private  enterprise,  and  private  enterprise  was 
adding  hundreds  every  year,  while  the  housing  committee  of  the  corporation  was 
meeting  once  •  year  to  le-eleet  ita  ehainnan.  la  it  likely  that  private  enterprise 
will  build  as  much  when  it  is  competed  with  or  supplemented  by—the  term  does 
not  matter — municipal  enterprise  ?  Why  should  it  ?  If  the  municipality  turned 
baker,  would  the  private  bakers  continue  to  bake  as  muck  bread  P  Is  not  the 
Attempt  to  stof  ovwerowding  by  indneing  loeal  tnthoritifls  to  bnild  booses  exactly 
the  same  thing  and  just  as  aJbsurd  as  it  would  be  to  attempt  to  cure  wndfir  fnoding 
by  opening  municipal  butchers'  and  bakers*  phops  ? 

In  the  long  run,  I  admit,  experience  teaches.  Protection  has  fallen  once  in  this 
eonntry,  and  I  Iwye  little  doubt  that  it  will  fall  again  if  it  becomes  oonridenUe. 
The  policy  of  obstmcting  the  removal  of  dwellings  from  the  centre  of  a  great  city 
already  excites  opposition  in  the  Ixindon  County  Council,  though  unanimity  still 
reigns  in  those  last  homes  of  extinct  superstitions,  the  Houses  of  Parliament. 
GhsiieeUofS  of  the  Exchequer  and  finance  committees  may  be  trusted  to  olfer  a 
stoat  resistanoe,  on  what  they  call  financial  grounds,  to  any  mdly  great  develop- 
ment of  the  system  of  subsidies.  There  is  hope  even  that  the  municipal  building 
policy  may  be  checked  by  the  laborious  inquiries  which  show  by  statistics  what 
everyone  Knows,  that  the  poor  are  ill-fed  and  ill-clothed  as  well  as  ill-housed,  and 
tberefion  lead  people  to  consider  how  the  poor  may  be  made  more  able  to  pay  for 
housies,  among  other  things,  instead  of  simply  how  houses  may  be  built  in  the 
absence  of  an  effective  demand  for  t  hciri.  But  I  claim  that,  in  matters  such  as 
these,  a  more  widespread  apureciatiun  of  economic  theory,  aud  the  quickened 
intdUgeoee  which  that  wonla  produce,  would  save  ua  mudi  painful  experieoeei 
many  expensive  experiiuents,  and  an  enormous  moss  of  tedious  investigation. 

Thirdly  and,  at  any  rat»»  on  the  presient  occa.sion,  lastly,  I  claim  that  the 
teaching  and  study  of  economic  theory  has  great  practical  utility  in  promoting 
peace  and  good  will  between  elssses  and  nations. 

Between  classes  within  the  same  nation  the  peacemaking  influence  of  economic 
theory  lies  chiefly  in  the  fact  that  it  tends  to  get  rid  of  that  stupid  cry  for  'rights* 
aud  'justice  '  which  causes  aud  exacerbates  industrial  aud  commercial  quarrels. 
When  deoBaod  for  some  omnmodity  ihDs,  or  supply  from  some  new  quarter  arises, 
and  profits  and  wages  fall,  the  worki-Ts  cry  out  that  they  are  being  unjustly 
treated*  because  they  have  the  unfounded  belief  that  reward  is  or  ought  to  be 
proportional  to  morai  merit,  and  they  are  not  conscious  of  auy  diminution  of  their 
monl  merit.  Tiiey  demand  a  Hving  wage  or  a  minimum  wage  and  employment 
far  all  who  happen  to  have  been  hitherto  employed  in  the  trade,  rend  the  air  with 
complaints,  and  get  subscriptions  from  a  compassionate  but  ill-informed  public. 
We  cannot,  of  course,  expect  people^  who  sutler  by  them  to  regard  even  the  most 
benefidsl  operations  of  the  economic  oijganisation  with  enthusiasm  or  even  satis- 
&ctioB.  Jt  would  be  abeurd  to  do  so.  But  all  the  same,  it  is  true  that  a  wider 
apprehension  of  the  fact  that  it  is  only  by  raising  and  lowering  the  advantages 
otfered  by  difierent  employments  that  production  is  at  present  regulated  so  as  to 
meet  demand  would  not  <mly  diminish  the  dissatisfaction,  but  also,  which  is  more 
important,  diminish  the  actual  suffering  by  causii^  transitions  to  be  less 
oWtiBatel^  resisted.  The  pfeieiit  £wIiio&  of  deploring  rapid  ehanges  of  tr^ 
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dwellinc-plac"  is  a  most  unfortunRto  on** ;  tht>  or<1inarv  form>  of  liihour  do  no^.  a' 
a  matti  r  of  f;i<  t,  m|uiro  such  speciulisnd  ability  that  there  should  be  much  diftieiiity 
iu  cUauguig  irom  ono  to  another ;  and  purely  it  is  much  better  for  a  man  to  work 
•t  Mwnl  didennt  things  at  diflanat  placea  in  the  ooune  of  his  life  than  to  atielc 
fjr  ever  in  the  same  place,  surroundod  by  the  same  objects,  poinp  through  the 
same  monotonous  round  ot'  duties.  Anvthiufr  which  v,-\\\  weaken  th<>  present 
obstructive  sentiment  and  lead  people  to  regard  the  necessity  of  a  chang«  of 
•mploymeot  or  veaidciiee  as  a  tsmporuy  inooav«iiieaee  lather  than  a  enial  iajnatiea 
ia  to  he  warmly  welcomed. 

It  is  not,  however,  only  the  poor  and  the  industrious  who  would  be  t  niirlir  bv 
a  greater  knowledge  of  economic  theory  not  to  kick  against  very  uecesssar)*  prickiu 
The  liehy  hoth  bdostriooa  and  idle,  wonld  he  tangfat  to  he  far  more  tolerant  tiuui 
they  are  of  attempta  to  diminish  inequality  of  wealth  bj  redneing  the  wealth  of 
the  rich  as  vr*-\\  hs  iucreasinjif  that  of  the  poor.  The  economist  may  he  a  little 
annoyed  with  tiie  workman  who  insists  that  he  ought  to  have  thirty  shillings  a 
week  far  fnodncing  something  wotih  fifteen  shillin|!:8,  or  fl^e  shUfinge,  or  nothing 
at  all,  hilt  he  can  only  have  hearty  contempt  for  the  millionuire  who  h<4da  up  his 
hands  in  holy  horror  and  murmurs  *  coufiscation,'  *  robb«'ry,'  '  oio-hth  command- 
ment,' when  it  i?»  proiyosed  to  relieve  him  of  a  fraction  of  a  farthing  in  the  pound 
in  order  to  hrmg  up  destitute  orphans  to  an  occupation  in  which  they  may  evn 
tWMity-Ave  ahiUinga  a  week.  Tlie  ^a^^-uine  teacher  of  economic  theory  has  hopee 
of  makinjT  t  vcii  such  n  mnn  see  tliat  he  has  hi?;  wealth,  not  because  Mo-^  brouw-ht 
it  down  from  Sinai,  or  because  of  liis  own  super-eminent  virtue,  but  simply  becau!M» 
it  bapneDs  to  he  convenient,  at  any  rate  for  the  present,  for  society  to  allow  him 
to  hoia  itf  wliether  he  ohtained  it  by  inheritance  or  otherwise.  In  other  worda, 
that  private  property  exists  for  the  sake  of  production,  not  for  the  -nke  of  the 
particular  kind  of  distribution  which  it  can***?.  Some,  1  know,  sav  that  the  rich 
are  bo  few  ihut  it  does  not  much  matter  whether  they  acquiesce  in  the  measure 
meted  to  them  or  not ;  hnt  that  ia  not  the  teaehingof  history,  and  I  think  yoa  will 
agree  with  me  that  for  the  progressof  the  whole  community  it  is,  in  pnetiee^  quite 
aa  important  to  secure  the  acquiescence  of  the  rich  as  of  the  poor. 

In  regard  to  international  relations,  the  first  business  of  the  teacher  of 
economic  theory  is  to  tear  to  pieeee  and  trample  upon  t^e  misleading  nufitafr 
BMtaphora  which  have  heen  applied  hy  sciolists  to  the  peaceful  exchange  of 
commoditie-j.  We  hear  much,  for  example,  in  these  days  of  *  England's  com- 
mercial supremacy,'  and  of  other  nations  '  challenging '  it,  and  how  it  is  ourdu^  to 
*  lepel  the  attack,*  and  so  on.  The  eoonomtst  asn  what  ia  'oommeRiBi  eo|ire- 
macy  ? '  and  there  is  no  answer.  No  one  knows  what  it  means,  least  of  all  those 
who  talk  most  about  it.  Is  it  wiling-  poods  dear  :•'  Is  it  selling  them  cheap  ?  Is 
it  selling  a  large  quantity  of  goods  in  proportion  to  the  area  of  the  country? 
or  in  proportion  to  its  population  P  or  ahsolntely,  without  any  leAnnee  to  its  area 
or  population  P  It  8eein  -  t  o  he  a  wonderful  muddle  of  all  these  Tarious  and  often 
contradictory  ideas  rolK  I  into  one.  Yet  wliat  a  pile  of  international  jealousy  and 
ill-feeling  rests  on  that  and  equally  meaningless  phrases !  The  teacher  of  economie 
theory  analyses  or  attempts  to  analyse  these  phraaes,  and  they  disappear,  uaidwilli 
them  fjTO  the  jealousies  suggested  hy  them. 

When  misleading  metaphors  and  fallacies  are  dismissed,  we  are  left  with  the 
facts  that  forei^m  trade — the  trade  of  an  area  under  one  government  with  areas 
under  other  governments — is  merely  an  incident  of  the  division  of  lahour,  and 
tiiat  tti  magmtnde  and  increase  are  no  measures  of  the  wealth  and  proepeiity  of 
the  country,  hut  merely  of  the  extent  to  which  the  couTitrv  finds  it  convenipnt  to 
exchange  commodities  of  its  own  growth  or  manufacture  for  commodities  produced 
elsewhere.  If  the  city  of  York  were  made  independent,  and  registered  its  imports 
nnd  exports,  they  would  oome  out  fiur  larger  per  heed  of  population  than  those  of 
the  United  Kingdom  or  niiy  other  great  country.  Should  we  be  justified  in 
concluding  Y'^ork  to  be  iur  richer  than  any  great  cnuntry!-'  If  ru»>ans  w»»Te 
discovered  of  doubling  the  present  produce  of  arable  land  with  uo  increase  of 
labour,  mwh  leM  com  would  he  imported  into  Qieat  Britain  and  lam^ti  other 
p|oo^  wffuld  he  «^orled  to  pay  ibr  it ;  the  ibreip  t^ndo  pi  th^  ecNiili^ 
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conaequently  be  diminished,  but  would  the  people  be  any  less  prosperous?  What 
jealousies,  beart-biiniings,  and  imfoiuicled  tenron  leaaing  to  hatred  would  be 
ertSngnidied  if  only  these  eleoientary  facts  were  generally  understood  ! 

To  anyone  who  haa  onw  grasped  the  main  drift  of  fcononiic  theory,  it  will  be 
jhan  that  the  economic  ideal  is  not  for  the  nation  nay  more  than  for  the  family 
uat  it  should  buy  and  sell  the  largeat  possible  quantity  of  goo^s.  The  true  states- 
man desires  for  his  countrymen,  just  as  the  senhiblc  parent  desires  for  his 
children,  tlmt  tliey  should  do  the  he^t  paid  work  of  the  world,  T\m  ideal  is 
not  to  be  obtained  b^  wars  of  tariti's,  6tili  less  by  that  much  greater  abomination, 
ml  -waor^  wfth  dl  its  def)n»ding  aeoomponiments,  but  hj  health,  stiength  and 
ak31|  honesty,  vimgy,  aod  inteUigeiios. 


The  following  Papers  were  read : — 

1.  The  Zocaii9atian  f^lmdnutry.   By  Bev.  W.  OumRHGHAii,  D.J>, 

The  ecoDomie  nrinciples  which  account  for  the  eonoentnition  of  industry  so 

that  it  may  be  cooauctea  on  a  Inr^^e  scale  are  very  familiar.  It  is  worth  while  to 
discuss,  so  far  as  possible  I.  The  conditions  which  have  led  to  the  concentration 
of  a  given  trade  in  one  particular  locality  \  and  II.  The  probabilities  of  a  counter- 
acting  tendency  in  favour  of  decentralisation. 

I.  Coneentratiou  is  partly  due  to  physical  conditions,  as  in  the  case  ofoosl- 
mining,  or  of  favourable  circumstances  for  growing  smie  crop;  hut  the  transport 
of  material  is  so  easy  that  industry  is  less  bound  than  was  formerly  the  case  to  the 
area  where  it  can  be  obtained.  Fscilities  for  water  power  have  had  much  to  do 
with  locaUsatiQa  in  the  past,  though  good  cppertunitieafar  trade  have  been  even 
more  important.  These  last  accounted  for  the  extraordinary  growth  of  London 
at  the  expense  of  other  towns  iu  the  seventeenth  century,  when  a  trade  has 
been  consciously  planted  iu  any  district,  it  has  been  due  to  conditu/ns  of  life  rather 
than  merely  to  the  convenUmeu  for  the  industry.  Some  aliens  (Flemings  in  four* 
teenth  century)  have  been  nttrart*'d  to  Kngland  by  poHfical  and  others  HTugue- 
nots)  by  rf//V/?o?/.f  coiulitioiis ;  while  the  term.s  which  a  particular ''r_{/a»f>rr  could 
oiler  have  accounted  for  the  developmeut  of  the  trade  under  hiu  supervision,  as  in 
the  ease  of  Crommelin  and  the  linen  trade.  Physical  conditions  will  alwa^  be  an 
element,  but  the  business  capacity  of  some  capitalist  seems  to  be  the  mam  ftctor 
iu  the  successful  planting  or  developing  of  trade  in  a  particular  locality. 

II.  The  process  of  decentralisation  may  be  observed  in  recent  years  in  connec* 
lioa  with  the  trade  of  London  and  other  ports  respeistiTdiy.  It  showed  itself  in 
the  diffusion  and  increased  prosperity  of  the  clotiung  trade  in  the  eighteenth 
century,  when  the  large  employer  had  littlt%  if  anv,  economic  advantap-e  over  the 
domestic  workman.  The  conditions  of  life  which  can  be  olfered  in  gardeu  cities 
m^  tttid  in  fiiTour  of  decentralisation ;  and  though  the  surviTal  of  the  tillage 
artisan  seems  unlikely,  there  is  a  possibility  of  orgaidsing  industrial  emploj* 
ments  in  rural  districts.  Still  though  decentraliBation  may  help  to  CUre  over* 
crowding  it  is  unlikely  to  revive  the  old  type  of  village  liie. 


3.  The  /n/Suence  of  Seonomie  Hiitary  on  Eeownnie  Theory, 
By  Asm*  B.  Clabk, 

The  battle  of  the  schools  wMeh  about  twenty  years  ago  ahsorhed  the  attention 

of  I  t^nnomists,  threatened  to  .«!eriously  impede  the  advance  of  economic  science,  and 
did  for  a  time  accentuate  the  prevailing  distrust  of  the  teaching  of  economists,  is 
now  a  matter  of  history ;  and  it  is  possible  to  estimate  with  some  approach  to 
impartiality  the  abiding  inflnenoe  of  the  controversy  on  eoonon^  theory. 

It  is  common  knowledge  that  the  historical  school  has  fuled  to  man  good  the 
claim  of  its  extreme  representatives  to  transform  or  revolutionise  economic  science 
b^  spbpti^utip^i  for  ^hp  libstract  statiqil  |aw8  TH^^ed  h^  the  hypothetical  deductiy^ 
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BMthod  of  the  Ric&rdiAn  schooli  historical  investigation,  yielding  at  most 
dyiMinlcil  Uwa  or  ganenfitttioiis  m  to  the  ooune  of  ecoooniie  derelofraMit.  Tlw 
eoctmvagmnea  of  the  claim  provoked  an  aqutl  extravafranoo  of  repadiation.    Bat  it 

is  now  generally  admitted  that  there  is  room  for  both  the  economic  historian  and 
the  economic  theorist;  and  their  labours  have  become  mutually  helpful  in  propor- 
tion M  eaeli  has  oonftiied  himMlf  more  ttricUy  to  his  proper  sphere. 

There  can  be  no  doubt  that  economics,  in  common  with  modern  science  geiM> 
rally,  lias  gained  immensely  from  the  application  of  the  historical  mefh  ^d.  It  U 
not  merely  that  the  study  of  economic  historv  has  lurnished  abundant  material 
bymeeos  ofwMch  the  economic  theoriat  can  innstrate  or  test  his  dednctiTO  ooo* 
cluaiona.  It  hat  led,  in  the  interpretation  of  theory  itself,  to  a  really  effective 
recognition  by  economists  of  the  truth  that  in  most  cases  their  conclusions  or  lawi 
have  merely  n  hypothetical  and  in  others  only  a  relative  validity.  In  this  way  it 
has  done  much  to  remove  the  baoi  of  that  popular  misconception  of,  and  antipathy 
to,  poUtieal  economy  for  which  the  teechiag  of  Ripardo  end  his  euly  disciples 
WIS  in  some  degree  responsible. 

Th«'  influence  of  tiie  historical  conception  in  this  direction  i*»  seen  if  we  con- 
sider that  among  the  leading  defects  of  the  teaching  of  the  early  Kicardians  were— 
(1)  Their  employment  of  faulty  abstractbns  which,  as  in  the  ease  of  cspitei,  gAVS 
rise  to  (n)  an  intensely  materialistic  view  of  indiu^trial  progre^.  As  a  con3er|uence 
of  this,  (b)  in  their  treatment  of  distribution  the  force  of  attention  was  misdirected, 
and  the  influence  of  ethciency  on  wages  was  igaorud.  liuuiaii  nature  waa  treated 
M  a  oonstant,  and  labour  as  a  mere  eommodity,  of  whieb  the  prioe  was  ineritaUy 
determined,  under  the  influrnre  of  free  competition,  by  the  laws  of  demand  and 
supply.  Thus  (c)  it  wiis  tacit Iv  assumed  that  the  mechanical  theory  of  exchange 
QXuausted  the  problem  of  distribution.  This  was  associated  with  another  defect, 
namely,  (2)  their  treatment  of  these  ftoltj  ftbstraetions  as  if  they  were  oonerets 
realities,  e.g.  the  '  economic  man.'  From  this,  again,  naturally  followed  (8)  tlMsr 
incautious  advocacy  of  laiaur  faire,  as  exemplified  especially  in  their  oppoattian 
to  the  early  Factory  Acts. 

On  e]l  these  points  the  historical  conception  has  profoundly  inflnenced  the 
teaching  of  the  latest  representatives  of  the  classical  English  school.  But  the 
tendency,  elsewliere  prominent,  on  the  part  of  the  leaders  of  the  historical  school 
to  confuse  ethical  and  economic  considerations,  and  to  justify  a  great  extension  of 
the  sphere  of  gotemmental  aetioa,  has  had  Utile  influence  m  tius  eoantry,  whBW 
the  apnlication  of  the  historical  and  ooroparative  method  is  generally  held  to  have 
decidedly  strengthened  the  prefiumption  in  favour  of  freedom  of  OODtncty  and 
against  governmental  actiooi  as  the  general  rule. 


3*  Th0  PoiUion  of  BeonmnicM  and  the  Applied  Seiancei  in  a  proposed 
Uniwrnhf  Trainiiiiff  of  Persons  tnlMcM  for  a  Commereial 

*  Higher  Commercial  Education '  is  intended  to  provide  a  suitable  training 
for  persons  who  aim  at  discharging  the  duties  of  re^ponaible  positions  in  business. 
Sucn  iHlucation  should  embody  the  principles  of  subjects  tauglit:  thereflire  it  fall* 
within  the  sphere  of  the  university.  The  relative  importauce  of  principles  of 
knowledge  as  opposed  to  applicatioiis  of  principles  constitutes  the  distmciioB 
bptween  the  imiTeraity  and  ue  technical  college. ' 

In  Germany,  about  twenty  years  ago,  higlier  comniprcial  education  was  under- 
stood as  the  study  of  science  and  \ts  application  to  indnstrie«i.  But  a  traininfr  in 
applied  science  alone  '\a  not  a  complete  commerciiU  education,  because  such  traui- 
ing  ignores  the  daima  of  economics. 

In  England  the  tendency  is  towards  the  opposite  extreme  of  proposing  tbe 
extension  of  tlic  study  of  economics  and  political  science  as  a  higli»^r  commercial 
education.    Tbe  following  are  examples  of  recent  development^^  in  i\i\6  direction: 

(1)  The  proposed  curriculum  for  Uonours  in  Economics  at  Cambridge^  at 
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Mggested  by  Pntaov  MiiihaU,  ths  ehief  laljeets  being  Hiatoiy,  Ecoaomifli» 

and  Political  Science. 

(2)  The  existing  Houours  Degree  in  Economic  Science  at  the  Scottish 
TJnivonite. 

(3)  A  piopoMd  poflt-gndittte  uhool  at  Oxford  in  EeonoiDiot  tnd  oognato 

subjects. 

(4)  The  new  degrees  of  B.Sc.  and  D.Sc.  (in  Commerce,  &c.)  at  London 
University,  the  subjects  for  the  ordinary  B.Sc.  being  Economics,  History,  Publto 
Finance,  and  either  Accountancy  or  a  legal  subject. 

(5)  The  Iviinbtinrh  scheme  of  granting  the  M.A.  degiea  (with  eertahi  modift* 
cations)  in  '  comoiercial'  subjects. 

While  these  schemes  are  Hatisfactory  so  far  as  they  go,  they  cnnnotb©  accepted 
as  supplying  a  complete  education  of  the  future  business  man  by  the  univeroity. 
For  nutaaoe,  they  give  no  tcaebing  that  would  be  belpAil  towaide  the  uDdentand" 
log  of  the  proce.W's  of  manufactures,  therefore  they  need  to  be  supplemented  by 
courses  in  fipplitMl  srii'tu'ps.  Such  teaching  (f.y.,  economics  and  applied  science) 
has  the  advantage!!  uf  both  the  English  and  German  systems.  Two  schemes 
eodeaTOur  to  effect  this  union — ^that  of  the  Birmingham  Faculty  of  Commerce 
(adapted  for  a  university  which  works  on  the  three-term  system  with  a  B.A. 
depree) ;  and  a  scheme  proposed  for  universitiesy  such  as  those  of  Scotlandi  with  a 
long  session. 

(1)  The  Birmingham  Scheme  oflers  tlie  degrfe  of  Bachelor  of  Commerce  after 
a  three  years' course.  The  following  nre  the  subjects  of  exnraiuatioii  at  the  end 
of  tho  third  year:  A. — Six  papers  iu  all  of  the  following:  1,  Commerce  j 
8,  Modem  LaoL^uages ;  3,  Accountnig ;  4,  Oommercial  Law ;  5,  Transport.  B. — Six 
papers  chosen  from  the  followinfr :  1,  Technique  of  Trade  ;  2,  Money,  Oreillt,  t^-r. ; 

Methods  of  Statistics;  4,  Factory  Hygiene;  5,  (i)  Physics;  (ii)  Chemistry; 
(iii^  iuigineering ;  ^iv)  Metallurgy  \  (vj  Economic  Qeology  ;  (\i)  Electro-technics ; 
(▼ii)  Brewing ;  (viii)  Mining. 

(2)  A  Scheme  adapted  to  the  Scottish  Ufiiversttieif  proposing  the  degree  of 
B.Sc.  (in  Economics  and  Applied  Science)  after  two  courses  of  lectures  nnd  two 
examinations  in  each  of  the  following  subjects  selected  by  the  student:  First 
ezanination  In  three  subiects  on  the  U.A*  standard.  Final  examinatioii  hi  three 
or  Bune  subjects  on  an  honours  standard  (one  su^ect  at  least  to  be  taken  from 
Group  ii).  St/hjirfs:  Group  i. — 1,  Commercial  Law;  2,  International  Law; 
iif  Modern  HiHtorj- ;  4,  Political  Science.  Group  ii. — 6,  Agnculturc;  0,  Economic 
Botany;  7,  Geology-,  &c. ;  8,  Engineering;  9,  FoKml  Eeonomy  ;  lU,  Pablio 
finance;  II,  Pure  Economics,  Banking,  ftc.;  13,  Technological  Ghemistiy; 
13,  Technical  Zoology  t  l^t  Transport. 

The  advantages  of  the  last  proposal  ant  that  in  every  case  the  student  will 
enter  on  the  applied  part  of  his  courj^e  after  having  acquired  n  nufticieut  acquaint- 
ance with  the  princiules  of  his  subject.  The  ilexibility  of  the  scheme  enables 
aabjeete  to  be  ffroupea  so  as  to  answer  the  needs  of  most  busDMssss.  The  exten« 
sion  of  the  influence  of  the  universities  to  indude  praetieal  interests  would  ba 
▼aluahls  both  to  them  and  the  students  of  the  proposed  currioulum. 


FMIDAY,  SEPTEMBER  12. 
The  following  Papers  were  read 

1.  Trusts:  from  the  PoiiU  of  View  of  Econmnical  Tlieory, 
Ihj  Professor  W.  GrtAiiAM,  M.A. 

The  principal  object  of  thf  paper  is  to  attempt  to  estimate  the  effect  of  a 
general  Trust  system  on  the  cliief  economic  categories — namely,  production,  prices, 
pvoflte  Qnduding  interest),  and  wages* 
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In  it  I  have  endeavoured  to  show:  (1)  That  production  under  a  Tru'st  fiystem 
would  be  largely  increased  on  account  of  certain  economies  and  greater  retuma. 
(2)  Tliat  the  queetioa  of  wagMi  to  difficult  even  under  the  pTMont  eyetni,  hnlf 
competitive,  half  of  combinatioOi  would  not  be  more  difHcult  on  the  whole  under 
a  Trust  aystom ;  and  that  self-interest  would  prevent  a  reduction  of  wagea  below 
former  levels,  from  the  increasingly  clear  perception  of  intelligent  managers  that 
good  Ubonr  is  worth  high  wages,  and  inferior  khour  ofteo  '  deer  et  tte  priee,* 
though  low ;  that  accordingly  wages  m^t,  cefem  paribuo,  be  as  high  aa  nnder 
the  existing  order,  though  Trade  Unions  would  occupy  a  less  strAnjr  position  than 
at  present  to  enforce  their  desires  by  a  strike,  without  being  eutirely  belplesii ;  that 
the  employment  of  the  working  euases  would  piobnUy  he  more  ateadj,  tbongii 
their  .sense  of  indepen  donee  might  not  be  so  strong.  (3)  That  tt  regerae  ptieee, 
while  the  Trusts  wouM  have  power  of  fixing  them  fit  dison'tion,  and  in  some  m**-? 
would  be  much  tempted  to  raise  them  beyond  what  competition-prices  would 
here  been,  that  nevertheless  th^  sense  of  self-interest,  if  not  of  pecmiiaiy 
interest,  would  a  cliock  on  the  most  important  caaes;  and  that  while  there 
would  probably  bo  a  ditterence  between  eompef  ifivt^ly  determined  and  monopoly* 
determined  prices,  unfavourable  to  certain  classes  of  consumers,  it  would  be  ie«L-* 
than  some  enemies  of  Trusts  apprehend,  owing  in  part  to  the  elements  of  monopoly 
tt  work  at  present  in  determining  prices.  (4 )  1'hiit  profits  and  the  rate  of  prafite 
as  understood  by  Mill,  and  consequently  dividends  or  profits  minif<  wnfr«  >  "tf 
manager  and  insurance,  woni  l  be  raised,  atid  raijied  moro  li+^cause  manairer'?  f  alary 
is  a  fixed  amount ;  but  that  some  of  the  owners  of  capiul  would  not  be  bcuelxted 
by  the  rise  on  account  of  the  shares  taken  by  nramoters  and  underwriters. 

Thi'>-e  general  theoretical  conclusions  nro  afterwards  compared  with  the  results 
of  some  ftf  tln'  mure  notable  American  experiments  in  Tru'-t.^.  us  gathered  from 
American  economists,  with  a  view  to  test  their  soundness  and  applicability  to  real 
eeaee  that  may  arise,  especially  in  countries  under  n  system  of  notection,  which 
give  n  much  fuller  scope  to  the  evolution  of  Trusta, 


2.  Shipping  Combinations. 
By  Benedict  William  Ginsburo,  M.A.y  LL.D. 

The  subject  divides  itself  into  two  parts,  the  iirst  is  historical,  namely  tracing 
the  onnbinatioiis  which  have  already  been  ejected,  and  the  cauaeawhidt  have  coa« 
tributed  to  their  happening.    Mo8t<tf  those  of  wluch  we  have  had  experience  have 

been  consolidations  of  existiii<i  interests  and  absorptions  of  minor  fervices  wliich 
great  companies  have  judged  likely  to  serve  as  useful  feedeni  to  their  main  lines. 
The  Atlantic  combination  now  belbre  the  public  is  of  a  different  character.  It  ia 
an  application  of  the  American  trust  system  to  the  exploitation  of  the  sMMitrrying 
trade.  It  involve.'^  of  necessity  a  considerable  dilution  of  the  capital  of  the  business 
it  absorbs.  Its  Mu/cess,  from  n  s!iareliolder's  ]iriint  of  view,  must  therefore  involve 
either  a  raising  of  frei^ht^^  to  make  a  due  return  on  the  larger  capitalisation,  or  n 
eonsiderable  economy  in  operation  to  make  the  net  profit  aufficmnt  to  grre  the 
proposed  return.  Tl\o  first  of  these  two  alternatives  would  seem  to  involve  the 
setting  up  of  a  monopoly,  since  the  Protectionist  ])(ilicy  of  the  United  States  under 
which  the  great  body  ut  their  trusts  have  been  built  up  will  not  iissist  the  promo- 
motion  of  this  entwpriae.  The  'through  bill  of  lading,'  of  which  eo  mon  haa 
been  said  in  this  connection,  is  not  a  new  institution,  and  cannot  for  several  reasons 
be  pressed  indefinitely.  In  the  first  place  its  success  would  dejvnd  on  practical 
control  of  the  railways  to  the  eastward.  In  the  second,  American  pride  in  the 
leatoration  of  the  influence  of  the  Stan  and  Stripes  on  the  sea,  if  not  oil  its  eetoal 
reappearance  on  ocean  steamen,  will  not  induce  Americans  to  anbmit  to  laive 
increases  in  the  payments  for  carriage,  since  eventually  in  the  open  markets  for 
produce  the  American  shippers  would  feel  the  efl'ects  of  such  increase.  A  continued 
andrappiMiable  inereaae  m  fteighta  would  depend  on  the  eatnUiehmetttof  *  bknm* 
pol^f  amce  outnde  tonnage  can  be  attracted  to  paying  stations,  though  outiide  fM- 
tones  cannot  be  brougbt  into  competition  with  land  buaineaaoa.  Inc  •neeem  of 
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tiw  MuiUiie  aratk  tlMNf<m  dopend  on  tbe  vromlled  luge  eeonoidii.  How  ht 
the  promise  that  two  and  a  half  miUions  tterliog  can  be  saved  eadi  jwr  Ijgr  cen- 
tralisation of  control  if>  subject  to  the  comments  that,  thouprh  the  exponf»e8  may  be 
eut  down  the  incitement  to  individual  effort  is  continuously  lessened,  whilst  the 
beaefidel  eflbct  of  laying  up  redusdant  reaaela  in  dack  times  is  minimised  by  tlie 
fikct  that  the  large  items  of  interest  on  cost,  depfeciation,  and  insurance  run  on 
against  the  laid-up  ships,  whilst  the  competitors  of  the  combine — who  do  not  rnn- 
tribute  to  the  charges  in  respect  of  these  ships — beueht,  equally  -with  their  owners, 
by  their  removal  fnm  the  competition.  The  oonsiderations  which  make  it  doubtful 
how  far  tlie  shareholders  in  the  ahoorbed  companies  will  benefit  by  what  is  taking 
place  do  not  apply  to  Belfast's  interest  in  the  mafter.  Slie  will  undoubtedly  benefit 
by  the  certainty  of  regular  demands  for  the  produce  of  her  yards.  Nor  is  it 
likely  at  present  that  a  change  of  flag  will  take  place.  But  whilst  the  promised 
eeoDomiee  in  woifcing  may  prove  illnsoiy  or  tnineitofyy  the  additions  to  the  capital 
on  whieh  any  letnm  to  ■hareholders  nmet  be  made  am  certain,  laige,  and  abiding. 


3.  Municipal  Trading.    By  Hon.  Robeut  P.  Pouter, 

The  broadest  objections  to  municipal  trading  would  seem  to  be  six  in  numlx^r  ; — • 
The  injurious  eti'ect  upon  the  work  strictly  within  the  municipal  sphere  of  opera- 
tion; the  fact  that  in  giving  attention  to  trading  operations  the  '  uoprodnetive ' 
work  is  almost  certain  to  be  neglected  ;  the  tendency  to  discourage  improvement 
or  development ;  the  engendering  of  ill-feeling  which  is  sure  to  anse  when  the 
taxpayer  finds  himself  obliged  to  help  defray  the  cost  of  competing  with  himself; 
the  oAeuity  in  adjusting  the  boraen  of  a  traiffing  undertaking  on  tbe  right 
shoulders,  and  enoh  an  equitable  regulation  of  the  charge  as  will  not  put  a  burden 
on  those  who  derive  no  benefit ;  the  impossibility  of  drawing  n  line  as  to  which 
industries  shall  be  taken  up  by  municipalities,  and  which  shall  be  left  to  individual 
onterpciie. 

In  the  early  part  of  the  last  century  the  various  State  Goyemmente  of  tiie 
UnitM  States  entered  into  finnncial  partnership  with  the  promoters  of  canals ; 
and  later,  when  steam  railways  were  introduced,  States  and  cities,  and  towns  and 
oonnties,  wen  alike  appealed  to  for  asalstanee  in  boilding  railways.  Nor  was  the 
appeal  unheeded,  tor  m  the  forties  and  fifties  an  epidemic,  very  similar  to  the 
present  fever  for  municipal  trading  in  England,  literally  swept  over  the  country, 
and  ended  in  bankruptcy  and  ruin,  not  only  of  cities  and  towns,  but  of  important 
Btates.  Bonds  issuea  by  State  and  local  authorities  for  the  promotion  of  railways 
went  in  default. 

These  and  kindred  experiences  taught  us  the  useful  lesson  that  there  was  a 
limit  to  State  and  municipal  credit.  The  taxpayers  of  those  times,  who  saw  their 
property  practically  confiscated  to  pay  for  enterprises  which  should  have  been  left 
to  individual  endeavour  or  private  specolatois,  mvented  a  device  known  to  us  ns 
•  thi  flebt -limit  clause';  and  this  clause,  in  some  form  or  other,  hna  been  inserted 
in  nearly  every  State  Constitution  drawn  and  adopted  since  those  days  of  financial 
disaster  and  destruction  of  State  and  local  credit. 

Ptotially  beosose  of  tbe  debt  limitation,  and  partially  because  piiTate  enterprise 
has  been  allowed  a  freer  headway  in  such  undertakings  as  the  supply  of  gas, 
electric  lighting,  tramways,  and  telephones,  we  lind  in  the  United  States  no  city 
owning  and  operating  its  own  tramways  and  street  railways,  probably  less  than 
half  a  doaen  mannfticikiiring  gas,  a  very  engaged  in  supplying  electric  light, 
and,  I  think,  not  one  in  the  telephone  business. 

Municipal  trading  is  rapidly  increasing  municipal  debt  in  England,  and  serious 
complaints  may  be  heard  on  all  sides  in  consequence  of  the  increase  of  local 
tnxaticn.  The  anawer  is  that  the  debt  Is  'producHTe,'  and  that  themfitsof 
thnse  industrial  undertakings  will  be  nsed  to  reduce  the  taxes.  Sir  Hemy  Fowler's 
admirable  statistical  classification  of  indebtedness  shows  that  the  so-called  'pro- 
ductive '  debt  is  only  about  half  of  1  per  cent,  beyond  the  danger  line ;  that  is,  the 
4iHdeDd  or  profit  mm  tlii  dabi  averages  half  of  1  per  cent.  If,  in  consequence 
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of  the  anxiety  in  finftiudal  cildflt  at  the  steady  increase  of  local  debt,  tlia  ill*  of 

interest  should  rise  J  per  cent,  on  eJl  local  securities,  what  would  become  of  the 
'  productiFe '  debt  f  Assuming  that  the  trading  debt  represents  one'third  of  tha 
total  local  debt,  a  rise  of  a  ^  percent  wooldeztiBiriiiilk  the  *  productive '  prup^rtiM 
of  these  loaiii»  and,  in  a  mnm,  thxow  them  on  the  rates. 

Without  sng-fjf^stiDp  nny  remedy  for  municipal  tradin<r.  an  alternativp  plan 
would  be  the  leasing  system,  which,  when  the  coiitracta  are  wisely  drawn,  secur*?* 
the  revenue  for  the  city  treasury  and  good  cheap  service  for  the  public.  On  the 
Other  band,  it  shifts  the  financial  risk  from  the  ratepayers'  shouldera.  Thia,  with 
some  form  of  debt  limitation,  will  gradually  modify  existing:  conditions,  especially 
if  backed  by  a  strou^-^  public  opinion  in  opp«»ition  to  further  use  of  public  funds  in 
thi:^  munner.  Li  Huite  uf  the  activity  of  municipalitieei  in  Kuj^l&nd,  private  capital 
has  not  been  entirely  beaten  in  the  race ;  while  I  observe  in  certain  quarters  il 
holds  its  own  admirably  in  competition  with  tax-exploited  industry,  Kven  the 
capital  invented  in  private  company  electrical  uuderlakin<;d  is  increasing,  and  this 
in  spite  of  almost  insurmountable  obstacles.  It  is  a  case  lor  gradual  readjustment, 
not  violent  change.  With  the  faets  fttlly  undentood,  the  people  will  by  degreea 
curtail  the»e  unwise  and  dangerous  economic  experinwntei and  bring  cttioa  hA^lo 
the  ^liere  of  work  which  is  strictly  their  own. 


4.  Munieipal  Policy  and  Siate  Control.    By  Percy  Abhlky,  B.A. 

1.  The  problem  of  municipalisation  has  ceased  to  be  argued  on  theoretical 
groiUMb ;  it  has  beoone  a  qneetion  of  praefeioal  expediency,  u  tUi  it  itwemblM 
the  larger  controversy  about  national  economic  policy,  and  it  is  powible  that  the 

glowing  belief  in  the  necessity  of  State  intervention  in  economic  matters,  in  order 
to  promote  national  effidency,  is  due  in  part  to  the  development  of  manicipaliaatioou 
The  monicipalitiea  have  realised  that  for  them  competition  has  nuelv  been 
efiectual,  and  that  in  the  interests  of  city  administration  it  is  advisable  for  them  to 
intervene.  The  tendency  has  been  therefore  for  public  services  to  pass  rapidlv 
from  the  uncontrolled  to  the  controlled  state,  and  then  to  municipalisation.  Thi5 
is  the  case  not  only  in  Great  Britain,  but  elsewhere ;  for  example,  in  Prussia, 
where  it  is  the  work  of  an  anti-Sodalist  bnreauoiaey. 

2.  The  theoretical  line  of  demarcation  between  fiorvires  which  may  or  mav  not 
be  municipal i.sed  is  then  abandoned  ;  a  practical  distinction  must  be  s-.u^^ht. 
l^h  case  muat  be  considered  separately,  with  reference  to  two  quebUOIi^: 
(1)  Is  it  likely  to  promote  municipal  efficiency  ?  (2)  Can  it  be  properly  oondndtod 
by  the  municipality  which  proposes  to  undertake  the  service  ? 

In  regard  to  (1),  municipalisation  will, /Wwa  /acj>,  promote  efficiency  when 
the  particular  public  service  concerns  {^aj  pubhc  health,  which  is  the  real' reason 
ibr  the  existence  of  modem  local  aathonties,  and  {h)  the  contiol  of  the  ■fyeeta. 

In  regard  to  (2),  there  are  two  important  matters  to  be  considered.  The  first 
is  the  financial  aspect  of  the  propo8al.  The  problem  of  local  debt  is  much  db- 
cussed  at  present,  but  it  must  be  remembered  that  nearly  half  of  it  has  been 
ineiuned  fat  renonemtive  Mrviees  (lighting,  wate^eupply,  &c.) ;  and  of  the 
nnainder  much  has  been  incurred  oompulsorily,  and  some  pait  {e-g.  expenditveon 
sewers)  is  ludirectly  remunerative.  But  in  regard  to  any  particular  proposal, 
aocount  should  be  taken  of  the  amount  of  debt  to  be  incurred,  the  relation  of  lbs 
total  debt  of  the  town  to  ita  assets  and  rateable  value,  the  arrangementa  for 
payaent  of  Interest  and  contributions  to  depreciation  and  sinking  fonda.  It  ii 
also  necessary  to  decide  if  a  service  is  to  be  classed  as  remunerative  or  un remunera- 
tive ;  for  the  first  a  should  be  charged  rather  than  a  price^  for  the  <i«xuid  a 
charge  on  the  rates  may  be  allowed.  It  Is  possible  that  bouabg  wUl  have  to  Is 
placed  in  the  second  class.  The  other  point  to  be  eonsidered  in  regard  to  (2)  is 
the  administrative  ability  of  the  local  authority  concerned,  and  its  real  intention  to 
make  use  of  the  powers  sought  (so  as  to  avoid  the  recent  scandals  in  the  aattsr 
of  the  supply  of  electricity). 

&  Oiinwe^ovisat^jUenQf  oontanil  wbUjIiwiUde^ad^uatelyf^ 
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teonsiderations  ?  All  our  preaent  mediods  defective.  A  BU^estioii  for  a  new 
ejstem. 

Thare  should  be  a  standio;  eoamlttee,  oonsistip{|^  of  members  of  the  two 

Houses  of  Parliament,  together  with  an  extra-Parllnmentary  panel  of  persona 
nominnted  by  the  County  Councils  Association,  the  Association  of  Municipal 
Gouncil!>,  and  the  Local  Uovurumeut  Board.  To  this  committee  all  private  Bills 
eoDtatntog  propoMle  inTolving  mnoicipaliaation  should  go ;  it  would  (a)  decide  all 
questions  oi  new  powers,  and  all  points  Bubniittt-il  by  siib-committees,  in  full 
meeting;  (b)  deal  with  the  details  of  each  separate  application  by  eiub-committees. 
It  shomd  be  required  to  have  before  it  in  all  cases  (1)  a  report  from  the  authority 
(Local  €k>Tenimeat  Boatd  or  oilier)  whieh  eontrola  flnaaoe  on  the  flnaBcial  part 
of  the  proposal  and  the  financial  position  of  the  local  authority  applying  for 
power,  and  (2)  a  report  on  the  frenerai  question  of  the  proposal  from  any  Govern- 
ment Department  concerned  (Home  Olllce,  Board  of  Trade.  Itocal  Government 
Board). 

;Vs  general  ioftmctions  to  the  committee  the  following  principles  should  be 
laid  down;  The  general  cbnrncter  and  quality  of  the  local  autnority  which  makes 
the  application  must  be  considered  in  any  grant.  Kach  municipal  enterprise  must 
be  dieted  by  the  committee  ae  remaneratiTe  or  unremunerative,  and  in  the  formw 
oaae  the  principle  of  a  fee  rather  than  a  price  should  be  enforced  whenever  possible. 
The  accounts  of  enoh  separate  undertaking  must  be  kept  as  fully  and  distinctlj^r  as 
those  of  a  similar  enterprise  conducted  bj  an  ordinary  tirm  ;  they  should  be  subject, 
not  nierel^  to  a  State  audit,  but  to  ao  aoeoiintant'a  aadit,  paying  special  regard  to 
dapredation  and  'linking  funds.  Finallv,  the  committee  sDoald  fix  a  reasonable 
time  within  which  the  local  nuthority  shall  make  us>>  of  ita  powew  or  (unleee  it 
can  show  reasonable  cause  for  delay)  have  them  revoked. 


SATURDAY,  8BPTBMSBR  13. 
The  Section  did  not  meet. 


MONDAY,  SEPTEMBER  Ifi. 
The  following  Papew  w«e  read 

1.  A  Sketch  of  the  Linen  Indxtstry  of  Irelatid, 
By  Sir  R.  Lloyd  Patterson,  /).£.,  F»L.8, 

The  capital  engaged  in  the  business  is  estimated  at  about  twelve  minTotw  ii»t» 
ling,  and  the  nnv^r  of  operativee  dbwctly  employed  at  about  eoTenty  thooiandf 
earning  some  9,000,000/.  annually  in  wa^. 

Tlie  paper  refers  to  the  probable  origm  of  the  trad*',  and  the  source  whence  it 
may  br&t  have  come  to  Ireland;  and  mentions  instances  of  Irish  linen  being 
alluded  to  in  hietory  in  the  ninth,  tenth,  and  twelfth  orntnriee. 

Passing  over  the  intermediate  period,  the  writer  arrives  at  the  year  1 009,  when 
a  French  Hu'^-uenot  refugee  named  Oommelin  settled  in  Ulster,  and  introduced 
many  improvements  in  the  methods  of  flax  preparation  and  manufacture  pre- 
viously prevailing. 

The  Linen  E^ard  was  established  in  1711. 

Fla.v-spinning  was  done  by  hand  till  1828,  and  linen -weaving  by  hand  till 
1847,  in  which  years  the  mill-flpinnin<iC  of  yarn  and  the  power-loom  began  to 
supersede  the  former  methods.  I'iie  rid<;  and  progress  of  these  new  processes  is 
dMcribed,  reiiuenoa  being  made  to  the  simultaneous  decline  of  the  formerij  im« 
portent  industry  of  cotton-spiniuug  iu  Iklfast  and  neighbourhood. 

The  rise  of  and  eubee^uent  fluctuatioaa  iu  flax-giowiog  in  the  oouatxy  and  the 
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eoncurrent  fluctuations  in  prices  of  home-grown  and  other  flaxes  are  alluded  to  \ 
M  are  also  the  exports  of  yarns  and  linena — the  lalter  a  gradually  dimini&luiig 

The  importation  of  flax  yarns  into  Trelnnd  i.^  increasing,  while  their  export  if 
diminishing;  and  this  change  has  !itTt'Ct«l  the  direction  of  trade.  The  etTn'ct  of 
the  American  war  and  consequent  iiigh  pricea  of  cotton  on  the  linen  tradc)  and 
the  leaotioa  following  that  penodof  inuitioii»  aw  traoad  $  and  an  attempi  k  nada 
to  account  for  the  recent  decline  in  the  linen  industry  of  the  world,  in  whicli 
dscline  Trelnnd  suffers  much  leas  than  her  British  and  Continental  competitors. 

A  new  fabrici  the  Kneipp  linen  mesh  underwear,  is  aiibrding  a  fresh  outlet  lor 
yam;  Imt atiU more Tariflij U wanted m Imen maavfiMStuie^ 

The  kgitimate  maaufcetarer  is  i^jimd  hj  the  undue  length  and  om4nxitj  of 
£fedita. 

Wages  and  the  houaing  of  the  operativea  are  dinenwed. 


2.  A  BriHth  Mherein,  or  Prtferential  Taiifi  within  (he  BnHUh  Wmpire. 

By  His  Honour  Judge  Shaw,  KX), 

Then  are  two  main  proposals  for  establishing  closer  commercial  relataena 

between  the  various  parts  of  the  Empire.  One  is  a  Hriti>}i  Zollverein,  or  h  General 
Customs  Union,  which  .shall  embrace  every  part  of  the  Empire.  The  other  is  the 
establishment  of  a  system  of  tarid's  by  which  the  United  Kingdom  shall  give 
preferential  edvantagea  to  the  prodncts  of  the  Ooloniee  and  oner  puta  of  the 
Empire,  whilst  the  other  parts  or  the  Empire  shall  gife  similar  advantages  to  the 
proaucts  of  the  United  Kinirdom  ond  of  each  other. 

It  is  very  often  assumed  that  these  two  proposala  are  similar  in  tendency  and 
effbet.  TUa  is  a  total  mistake.  The  two  propoeela  are  omKnite  to^  and  almost 
contradictory  of,  each  other.  A  British  Customs  Union  wot  ameaaare  of  Free 
Trade,  alx)li8hiug  all  Customs  barriere  and  restrictions  upon  commerce  within  the 
Empire.  Preferential  tarilll^,  on  the  other  hand,  aro  easentiallT  Protective  in  their 
tendencff  sad  imply  the  exiatuice  of  tlioee  banien  within  the  Emplie  which  a 
Customs  Union  would  abolish.  The  two  proposals,  therefore^  most  £e  kept  quite 
distinct  in  our  mind!',  and  dealt  with  on  entirely  dififerent  lines. 

I.  A  British  ZoUverein  would  mean  absolute  freedom  of  trade  within  the  whole 
British  Empire,  n  common  Customs  barrier  na  jigainst  all  the  rest  of  the  world,  and 
no  CuatomR  or  duties  to  be  payable  on  trausit  from  one  part  of  the  Empire  to  the 
otheri  It  is  useless  to  consider  whether  this  would  be  desirable  xmtil  we  have  tir<t 
ascertained  that  it  is  praoHeabie*  It  is  at  present  wholly  imprectieaUe,  for  the 
following  reasons : — 

1.  There  is  no  common  central  authority  within  the  Empire  to  regulate  the 
imposition  of  Customs  dutiesi  their  collection,  and  their  diviaiou  among  the  various 
parts  of  the  Empire. 

2.  A  common  Customs  would  necessitate  also  a  oommon  Excise  within  the 
Empire. 

0.  It  would  mean  a  comphite  break-up  and  rearrangement  of  the  whole  fiscal 
system  both  of  the  United  Kingdom  atra  of  the  other  parts  of  the  Empire.  Tea 
from  India,  for  example,  could  not  be  taxed  in  the  United  Kingdom^  and  mam* 
factures  from  Hreat  Britain  could  not  be  taxed  in  the  Colonies. 

4.  The  Colonies  are  not  prepared  for  Ir'ree  Trade  within  the  Empire,  and  hare 
decidedly  rejected  every  proposal  in  that  direction. 

II.  The  proposal  for  preferential  turifls  takes  two  forms: — 

Firstly,  there  is  the  proposal  to  impose  a  uniform  tax  of  6  or  10  per  oent.  on  all 
fbreign  imports  into  any  part  of  the  British  Empire. 

To  this  proposal  there  are  three  decisive  objections  :— 

1.  As  Sir  Xi.  Qifien  has  shoviif  ta  mnamaady  iazye  fn^oitlBn  «f  lUs  tax 
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Would  be  paid  by  the  maau&cturf>rs  m\A  consumers  of  the  United  Kiagdooii  and  ft 
Tery  insignificant  part  by  the  other  ]»arts  of  the  Empire. 

2.  So  far  as  the  United  Kiugdum  ia  coDOerned|  the  tax  would  fall  almust 
azclusively  upon  imports  of  food  and  raw  materials  of  manufiicture,  the  Terj 
articles  wnich  it  is  nio,«t  vital  to  T^ritisli  industry  to  procure  from  the  cheapest  and 
most  convenient  markets  ;  whilst  in  the  oth^r  jiurts  of  the  Empire  it  would  full 
almost  exclmdvely  upon  manufactures  the  importation  of  which  it  is  the  policy  of 
the  Ooloiues  to  diaeourage. 

3.  The  Colonies  and  other  part«  of  the  Empire  would  pain  enormously  by  a 
tax  which  raised  the  price  of  food  and  raw  materials  in  the  markets  of  the  United 
Kingdom,  whilst  the  United  ilingdom  would  gain  comparatively  little  by  any  tax 
whidi  Taieed  the  price  of  its  mamiiSutuiet  is  the  Ooloniee. 

Secondly,  there  is  the  proposal  emhodied  in  the  resolution  of  the  New  Zealand 
OoTenunent  of  December  1901,  in  faTonr  of  the  Gdlomes  giving  a  rebate  of  datiee 
on  British- manufactured  goods  carried  on  British-owned  ships,  and  the  Motlier 
Country  giving  a  rebate  of  duties  on  colonial  products  now  taxable. 

1 .  There  can  be  no  objection  to  the  Colonies  showing  their  good  will  to  the 
Mother  Country  by  reducing^  their  tnrifTs  in  favour  of  the  products  of  the  Mother 
Country ;  but  what  can  the  Mother  Country  do  in  return  P 

2.  Preibrential  tarillb  thereforej  if  there  is  to  be  recipioeUy,  neoessMnly  involTe 
the  Mother  Country  putting  on  taxes  on  her  impiMrtBof  food  and  rawmateriak  for 
the  sake  of  remitting?  them  in  favour  of  her  Colonies. 

8.  This  would  involve  a  tremendous  disturbance  in  our  manufacturing  system 
and  our  Ibvaign  tiade,  and  a  rise  of  vrioe  all  found  in  oor  food  and  raiw  materials. 

4.  It  would  also  involve  us  in  oiiBcaltiee  with  those  foreign  nations  wludh 
concede  to  us  by  treaty  the  most-favoured- nation  treatment  for  our  exports. 

5.  The  effect  of  the  rebate  of  duties  already  conceded  to  its  by  the  Dominion  of 
Canada  does  sot  encourage  us  to  expect  any  great  results  from  such  rebates 
elsewhere. 

6.  Our  whole  commercial  and  fiscal  system  is  founded  upon  principles  of  Free 
Trade ;  that  of  the  Colonies  is  founded  on  Protection.  The  proposal  under  con- 
sideration practically  comes  to  this :  that  instead  of  the  Mother  Countrv,  as  in  old 
tines,  dictating  a  commercial  policy  to  the  Ookmes,  the  Odonies  should  dictate  a 
comnMicial  policy  to  the  Mother  Conntry* 


3.  The  £ffect8  on  Ireland  of  the  Adoptw^i  of  Free  Trade  hy  tlie  United 
Kingdom,   By  BBVJAimt  AllbiT,  M.A. 

The  principles  of  Free  Trade  have  passed  through  many  changes  iupublici 
and  ereo  in  seientiOc  estimation.  The  refusal  of  the  dviliseid  world  to  abandon 
the  Protectional  policy  is  among  the  causes  which  have  led  to  this  changei  for 
the  prediction  that  the  world  would  soon  follow  England's  exam]>le  has  not  been 
fulfilled.  Another  cause  is  the  state  of  Ireland.  This  countrv  shows  a  rapidlv 
decreasing  population,  wh3e  the  progress  of  England  in  population  and  wealth 
ditriB|[  the  last  half-centunr  has  been  enormous.  So  far  as  Ireland  is  concerned 
there  is  ample  proof  that  Free  TraMe  has  had  some  very  important  results.  At 
the  time  or  the  Union  the  population  was  a  little  more  than  hve  millions; 
in  forty  years  it  rose  to  more  than  eifj^^t  millions,  and  these  eight  millions  of 
peofle  lived  in  a  considerable  degree  ot  comfort,  as  they  understood  it.  Lnland 
was  at  one  time  a  wheat-crowinp;^  country.  Its  native  Parliament  encouraged 
this  industry  by  bounties  on  exports  and  inland  carriage.  One  result  was  a 
rapid  increase  in  population.  In  the  thirty  years  preceding  the  Union  and  in  tiie 
for^>>six  years  from  the  Union  to  the  repeal  of  the  Corn  Laws,  Ireland  was  the 
pranary  of  England.  It  now  imports  grain  of  all  kinds.  This  revolution  in 
the  economic  condition  of  the  country  was  the  result  of  the  adoption  of  Free 
Trade.  Irish  wb^t  ceased  to  have  the  monopoly  of  the  English  market.  Mr. 
IjBtkj  states  that  the  chief  caose  of  depo|Nilalioii  of  Inland  was  the  ooofcnioB 
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of  araWe  into  pasture  land,  nnd  that  this  was  Pntailed  by  Free  Trade.  The 
emijrration  statistics  show  how  rapidly  this  depopulation  took  place.  From  18ol 
to  i860  the  emigrante  from  Ixekikl  nuuberad  1.1A3,418 ;  1861-70,  840,836 ; 
1871-80,  623,93.3;  1881-90,770,706;  1891-1900,433.020;  a  total  from  1851  to 
1900  of  3.H41,419.  consistin^^  of  l>,013,344  inale^  and  1  .Ha3,075  females.  The 
large  majority  of  these  emigrants  were  young,  strong,  and  entc^rprising— just  the 
elui  which  it  ia  niOBt  deatiable  to  keep  et  hone.  Thm  in  10ob»  83*8  per  eenU 
were  between  the  eses  of  16  and  .3<5.  It  would  be  difficult  to  estimate  tbe 
national  loss  caused  by  this  vast  emigration,  which  is  still  q"<^ing  on,thouirh  not 
quite  s«^  rapidly.  Not  only  has  wheat  almost  ceased  to  be  grown,  but  the  acreage 
under  Max,  formerly  a  most  profitable  crop,  has  greatly  diminished,  owing  to  the 
free  importation  of  flax  from  Belgium  and  other  countries.  It  may  be  aaid  that 
this  is  good  for  the  linen  trade,  but  that  is  doubtful.  The  trade  is  not  as  prosperous 
AM  it  was,  and  it  depends  for  its  existence  almost  on  the  steady  supply  of  imported 
iiax. 

The  loB8  inflicted  on  Ireland  by  the  deetraetion  of  a  large  part  of  its  ceraU 

and  flax-growing  industry  lias  not  been  compensated  by  gain  in  other  directions. 

The  revenue  from  the  export  of  cattle  has  imt  increased  to  an  extent  at  all 
correspouding  to  the  loan  i'rom  the  causei^  meutioaed.  ia  Eugiund,  though  agri* 
enlture  is  depreaied,  mannfactures  have  floariahed.  It  has  not  been  ao  in  Ireland. 
Her  agriculture  haa  been  rainedi  and  her  manaraetaiea,  eioept  in  Belfiut,  have 
not  increased. 

The  suggestion  that  a  remedy  should  be  sought  for  in  a  moderate  measure  of 
Ftoteetton  la  not  ootrageona.  Reileetion  on  our  national  weakneea  dne  to  the 
dependence  of  the  people  for  their  food-supplies  on  imports  from  foreign  countries 
has  stimulated  the  tendency  to  look  towards  Protection,  and  that  tendency 
ought  also  to  be  increased  by  a  consideration  of  tbe  state  of  Ireland.  In  Ireland 
the  work  of  the  lent-fixing  courts,  and  the  creation  by  the  Land  Purehaae  Aele 
of  a  peaiant  proprietary  on  a  large  scale,  would  enable  tliose  who  are  actually 
engaged  in  agriculture  to  enjoy  the  protpeiity  which  a  moderate  meaanve  of 
Protection  would  allbrd. 


4.  2Vte  ImtabUity  ^ Prices  in  India  before  1861. 
Bff  Flxtfessor  T.  MoRisoir,  Af,A, 

It  has  been  asserted  tbat  prices  have  been  more  stable  in  India  than  in  Europe. 
The  object  of  thia  paper  ia  to  ahow,  by  the  vnUicatkm  of  price-liata  for  theeariier 

vean  of  the  nineteenth  century,  that  the  tendency  of  prices  in  India  has 
been  from  irregularity  to  atability  ;  that  the  prices  before  1861  fluctuated  violently 
and  irregularly ;  and  that  as  means  of  communication  improved,  and  a»  India  came 
under  the  influence  of  Weatem  trade,  pricee  beeaaie  oomparattrely  ataUe. 

Table  I.  gives  the  prices  of  wheat  at  eight  diflferent  centres  in  Rohilkhand  and 
the  Doab  -that  is  to  say,  in  a  oomparatively  j^mall  area  of  the  N.W.  Provinc«s 
of  India — from  1803  to  1860.  Table  II.  gives  tbe  available  prices  for  barley,  and 
TaUe  III.  for  bajra.  The  price  of  wheat  in  BardUr  ia  roprgwrnted  by  a  price- 
curve  (rom  1805  to  1899.  Thia  enive  ahowa  that  before  Ifittl  the  price  of  wheat 
fluctuated  violently,  on  five  several  occa^ionM  the  difl*erence  of  price  within  tbe 
space  of  one  year  being  over  20  seers;  the  lowest  price  recorded  in  the  century  ia 
73  seers  to  the  rupee  (in  1815),  and  five  years  later  (1820)  tbe  price  bad  risen 
(temporarily)  to  18  seers  to  the  rupee.  The  fluctuataona  in  the  price  of  tibe  eoawer 
grains,  the  staple  food  of  the  people,  are  even  more  extravagant  :  there  <eem<  to 
have  been  no  auch  thing  as  a  normal  price  fur  barley  or  bajra.  The  extremt^  limits 
of  Tariation  for  barley  are  120  seers  to  the  rupee  in  1829,  and  28  ^eers  (tetn 
yeara  later)  in  1889;  for  the  decade  1800-1818  the  prioea  are  61, 57,  110,  96,  6S, 
96,  113,  87,  60,  and  31  seers  to  the  rupee.  But,  great  as  are  the^  fluctuatioDsi, 
they  do  not  in  all  probability  represent  the  lull  extent  of  the  actual  variations, 
for  these  prices  are  the  average  prices  of  the  year ;  and  we  kuow,  from  the  difier> 
enoe  between  harvest  prices  and  annual  prices,  that  the  floctoationa  within  the 
twelvenionth  weie  haidly  leas  suipiiaiiig. 
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By  reference  to  the  charts  it  will  be  seen  that  aftor  1861  price?  grevr  steadilj 
more  stable,  thouprh  with  a  marked  upward  tendency,  f^ne  to  the  intlation  of  the 
rupee  currency.  In  the  last  thirty  years  the  price  of  wheat  oscillntes  betweea 
a  maximum  of  9  Men  and  a  minimum  of  26  seen  to  the  rupee,  and  barley  between 
the  limits  of  12  seers  and  liS  seers.  This  comparative  etability  is  due  to  improve- 
ment iu  the  meiins  ot'  comraunicntioii.  In  ilie  earlier  half  of  the  nineteenth 
century  every  towu  und  villa}?©  constituted  an  isolated  and  independent,  market ; 
nowaifayei  owing  to  metalled  roade  and  railways,  there  is  practically  one  price  for 
Herein  all  over  India. 

It  may  be  objected  that  the  figures  I  have  given  are  only  for  cereal  crops, 
which  are  particularly  expo^d  to  the  viciasitudee  of  climate,  and  that  I  have  not 
ahowB  that  all  prioee  were  liable  to  theae  flaetuatioiia.  In  a  eountry  ao  wholly 
agricultural  &s  India,  the  prices  of  grain  are  almost  the  only  prices  available.  X 
have,  however,  been  able  to  find  a  record  of  the  price  of  one  article  of  general 
ooufiumptioQ  whicli  is  not  affected  by  the  causes  which  produce  famine  prices  in 
cerealo.  Table  IV.  givee  tlie  piee  of  ^At  in  PiUbhit  fiom  1818  to  1864,  wbieh  ia 
repreeented  on  a  price^urve  that  reveals  very  considerable  flaetnatim.  This  it 
the  more  remarkable  because  f;/ti  belongs  to  that  class  of  commodities  the  supply 
of  which  cannot  be  verj^  largely  increased  or  decreased  in  a  abort  space  of  tmie ; 
the  flnctnatioD  in  priee  is  thereiora  probably  due  in  part  to  aiiuctiitthm  hidewuid, 
and  thns  illustrates  the  contention  that  before  1860  the  tendency  of  silver  prieee 
in  India  was  to  fluctuate,  and  not,  as  is  sometimes  contended,  to  be  stable. 


5.  The  Ihpopukaion  <^  Irdamd:  ii$  Cautet  and  Economic  BmUu, 

By  J.  H.  Edoab,  M,A. 

The  deoease  in  the  population  of  beland  still  oontinoes,  snd  is  attracting 

serious  attention.  The  population  in  1901  was  4,458,775.  In  1800  it  was 
five  millions,  and  in  1846  over  eight  and  a  half  millions.  The  great  increase  in 
the  first  half  of  the  century  was  tne  result  of  the  extreme  subdivision  of  the  soil, 
consequent  on  the  rise  of  prioee  during  the  French  war.  There  wss  no  standard 
of  comfort  to  act  as  a  restraining  InHuence  on  the  increase  of  numbers.  The 
country  wa.s  in  danger  of  becoming  a  pauper  warren.  Landlords  commenced  to 
save  tne  situation  by  consolidating  the  holdings,  and  were  aided  in  this  end  by  the 
&nuoe  of  1846,  which  struck  down  OTsr  7(X^O0U.  The  famine  and  the  eonsolimting 
poliey  were  the  dlief  factors  in  tlie  phenomenal  emigration  of  the  next  few  years ; 
reference  to  census  table  to  show  results.  From  the  year  18.54  to  the  year  1876 
the  consolidation  of  the  small  holdings  and  the  change  from  tillage  to  pasture 
ware  the  chief  causes  of  the  fiiUing  nvmben.  Sketch  of  the  Landed  Estate  Court, 
its  object  and  ultimate  results — inerossod  sefeiity  of  evictions,  and  the  conse* 
qnent  changes  in  the  population. 

In  Irelajod  there  are  no  great  industries  to  check  emigration.  Halt  at  1876  to 
show  hj  refbrence  to  quick  changes  in  agricultural  prosperity  the  importance  of 
aglicnltnre  on  the  numbers  of  the  people. 

Increased  decline  in  decade  1881-1}!  and  it«  causes,  Genernl  insecurity  in 
land  tenure — mighty  influence  on  emigration.  Ireland's  loss  can  only  be  ex* 
plained  by  local  causes.   Influence  of  taxation. 

Consequences— benefit  to  emigrants.  To  re^due — wages  high.  This  is  now  . 
itself  a  cause  of  decline  of  tillage.  Poverty  less.  Reference  to  Savings  Bank 
returns.  More  cattle  and  land  per  head  of  population,  but  decline  in  horses  ; 
gratifying  increase  in  poultry.  Joint-stock  ranits  show  steady  and  great  pro- 
gress. Many  explanations  of  above.  Unsatisfactoiy  increase  of  unproductive 
classes.  The  country  has  got  rid  of  weight  of  paupers  of  famine  tinu^  and  the 
emigxation  ought  to  be  stayed.  Any  furuer  loss  must  be  miechieTOOS. 
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6.  The  Fopulation  of  Enf/Inn^  mvl  Wahn  durinrf  the  Ei^ieenth  Century, 

By  Professor  £.  C.  K.  Uomnbb,  M,A. 

In  coDsideriog  the  popnk^oBforthe  dgjiteaBthcBntniy,  thatia,for  tlieoentiiiy 
ptCMcUi^  the  fint  eenaniy  time  ara  two  meUers  to  cotuider: 

(1)  Tho  particular  value  of  a  knowledge  of  the  population  for  that  century. 
E.g.,  It  would  enable  us  to  !in><wer  three  important  questions: — (a)  Effect  on  the 
country  at  large  of  Walpolo's  peacefol  policy  io  the  early  Jt-cades.  (  6)  Date  when 
manufacturing^  began  to  be  the  dominant  iotereet  in  England,  (c)  Date  wheu 
changes  in  methods  of  agrieiiltiixal  ownerahip  and  enlttTation  began  to  affeet  the 
population  of  rural  districts. 

(2)  Material  for  estimating  population  in  the  eighteenth  century.  These  in  the 
mam  are  two  :  (a)  house-tax  returns  - 

i.  Tiiese  employed  by  contemporarias  and  formed  the  subject  of  certain  Tiolent 
controTenieB,  especially'  in  the  latter  part  of  the  oeotury. 

ii.  But theaeatatbtioshaTO certain peeuliardefeet^mainljhjnaaoBofeTaM 

(ft)  Setnnw  made  of  haptisma,  buriab,  and  marriages  at  earlier  dates. 

Parishes  in  England  summarised  in  Prefaces  to  Census  lietums,  1831  and  1S41, 
'With  regard  to  these  the  estimate  formed  on  them  tend  to  over-estimate  the 

population  in  the  ei^'hteenth  ceiitun>\ 

The  general  conclusion  arrived  at  is  that  the  increase  of  population  donng  the 
eighteenth  century  was  much  greater  than  is  generally  thought. 


TUESDAY,  SEPTEMBER  16. 
The  following  Beport  and  Papers  weie  read: — 

1.  BepoH  on  lAe  Bcon&mic  Eject  of  LegisUsUon  EegtUaHng  Wamen't 

Za6ot»r.— -&ee  Beports,  p.  286. 


2.  History  of  the  Ef-gxht  ioyi  of  Hoim  Work^  1664-1901. 

By  Misrf  i>.  L.  Hutch  1X8. 

Factory  legislation  had  been  a  subject  of  viulnut  controversy  in  th"  tirst  half 
of  the  nineteenth  century.  During  the  sixth  and  seventh  decades  the  oppoaitioa 
lost  much  of  its  bitterness,  and  public  opinion  gradually  inclined  to  aooept  the 
principl-' of  Static  control.  The  Children's  Employment  Commission  of  1862-66 
recommeuded  the  extension  of  regulation  to  children  emplo^'od  by  their  parents  in 
their  own  homes.  In  i8t>7  a  Workshops  Act  was  passed  which  was  intended  to 
place  the  honrs  and  conditions  of  women  and  children's  Ubonr  under  a  unifinm 
system  of  regulation,  not  only  in  workshops,  but  in  the  smallest  workplaces  where 
<  any  handicraft'  was  '  (  xerciserl  for  gain.'  This  Act. was  ili-draftedy  administra* 
tively  weak,  and  consequently  ineffective. 

From  1874  onwards  there  was  a  renewal  of  oppositioti  to  Factory  legislation, 
especially  in  regard  to  restrictions  on  women's  work.  The  Factory  and  Woric- 
shops  Consolidation  Act  of  1878  exempted  domestic  workshops  and  women's  work- 
shops from  most  of  the  provisions  applicable  to  workshops  generally.  Theevidsoos 
nvan  befine  the  Lorda*  |}ommittee  on  the  Sweating  System  in  1880-80^  ahowsd 
the  effbct  of  these  ezemptiooi,  and  in  the  subsequent  period  there  has  hesn  a  new 
movement  in  favour  or  legislative  control.  Amending  Acts  have  been  pa5?od, 
aiming  (among  other  things)  at  levelling  up  the  j^rovisions  for  health  and  safety 
is  workshons  and  wmk-iomna.  Amon^  suggestions  £w  ftuAar  atraigthening  the 
law,  which  have  been  made  by  Mr.  Ohanes  Booth,  Mirs.  ISdney  Webb^  andodMi^ 
are  the  following: — 
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(1)  Compulsory  re^.-^trarioii  of  nil  workshops, 

(2)  The  landlord,  jointly  with  the  employer,  to  be  made  lesponnble  for  the 
flanitary  condition  of  work*  places. 

(3)  Extension  of  Clause  107  of  the  Act  of  1901  to  tU  industries.  This  clause 

requires  that  in  any  chiss  of  work  specified  by  special  Older  of  the  Secretary  of 
State,  the  occupier  of  n  factory  or  workshop,  or  contractor  employfd  bv  him,  shall 
keep  lists  of  the  out-workers  employed,  such  lists  to  be  sent  twice  a  year  to  the 
distinct  eonncO,  and  to  the  ftctory  inspector,  when  reqnind. 


3.  Th$  Administration  of  the  Factory  and  Workshcps  Aet9  hy  toetd 
Sanitary  Authorities,   By  Miss  A.  Harbibox. 

Domestic  workshops  have  been  more  or  less  under  legisktiTe  control  for 

nearly  forty  years,  and  diirinf^  this  time  various  experiments  have  boon  made 
with  regard  to  the  adminittl ration  of  the  Factory  and  Workshops  Act  in  work- 
shops. These  experiments  are  vutieularly  interestinir  to  Btudenta  of  Local 
Government,  as  they  present  problems  in  connection  with  the  relation  between 
central  and  local  authorities. 

Domestic  industries  were  for  alon^  time  considered  to  be  bevond  tbf»  province 
oflegisIatiTe  control,  partly  because  it  was  thought  that  it  would  be  imposbible 
to  enforce  the  regulations  in  small  scatu  rtd  workshops^  and  in  the  homes  oif 
industrial  workers.  The  Children's  Employment  Commissioners  of  1864 
pointed  out  that  this  objection  could  no  longer  be  raised,  us  the  local  inspectors 
appointed  under  the  Public  Health  Act  needed  only  to  be  armed  with  specific 
powers  to  enforce  the  Factory  Acts  in  workshops. 

In  1867  the  experiment  was  rand»'  of  })hicintr  tho  Workshops'  Regulation  Act 
in  the  hands  of  the  local  samtary  authorities.  W  ith  a  few  notable  ©XOSirtionB 
the  local  authorities  either  ignored  the  Act  or  refused  to  administer  it. 

The  ezpenment  fiulsd  for  tlie  following  reasons : — 

Q)  No  form  oi  control  was  exercised  by  the  central  authority  over  the  local 
bodies  to  compel  them  to  undertake  the  duties  laid  upon  them. 

(2)  Inadequate  powt  r?;  were  given  to  the  officers  of  the  local  authorities. 

(3)  The  indefinite  nature  of  the  regulations  made  the  Act  a  most  difficult 
one  to  administer. 

In  1871  the  administration  of  the  Workshops' Ilegu la tion  Act  wau  handed  over 
to  the  Home  OBee,  and  for  the  next  twenty  years  the  inspection  of  workshops 
under  the  Factory  Acts  was  carried  on  entirely  bv  the  inspectors  of  factories. 
Owing  to  the  large  number  of  scattered  domestic  nncf  other  workshops  the  factory 
inspectors  met  with  great  difficulty  in  their  attempts  to  discover  unnotified  work- 
shops, and  many  of  those  in  which  the  worst  conditions  peTsiled  Agcaped 
inspection  altogether. 

In  1891,  when  women's  workshops  were  brought  under  the  same  sanitnr}- 
regulations  as  ordinary  workshons,  and  when  the  law  with  r^ard  to  the  sanitary 
condition  of  workshops  generally  was  made  more  stringent,  the  local  authorities 
were  made  responsible  for  the  sanitary  condition  of  all  workshops,  and  the  duty 
of  discovering  unnotified  workshops  was  place<l  upon  them.  With  a  few  excep- 
tions, the  local  autboritiea  have  merely  acted  upon  complaints,  and  have  failed  to 
take  any  inttialiTe  with  regard  to  the  oisoovery  and  inspecdon  of  workshops.  This 
is  to  be  accounted  for  by  (1)  the  lack  of  central  control,  and  (2)  the  Msence  of 
facilities  for  enabling  local  autliorities  to  undertake  tlie  inspeetion  of  out- 
workers. 

These  defects  aie  partly  remedied  hj  the  Factory  Act  of  1001,  which  requires 
that  lista  of  out-workers  shall  be  sent  to  the  district  councils,  and  provides  for  a 
certain  amount  of  central  control,  by  requiring  local  authorities  to  keep  registers 
of  workshops,  and  to  report  on  the  administration  of  the  Factory  and  Workshops 
Act.  But  It  ia  pfobaUe  that  more  contn>l  will  have  to  be  exercised  by  the 
osntral  authority  over  the  local  bodies  to  ooaipel  them  to  appoint  an  adequate 
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Tium"ber  of  inspectors  of  workshops.  This  might  be  done  by  the  mtQuod  of 
grants-iD-aid,  the  Government  contributing  towards  the  salaries  of  the  inspectors, 
with  power  to  withdraw  the  g^ant  in  case  the  local  authorities  do  not  come  up  to 
tb«  nqnired  standard  of  efBdoncy. 

In  towns  where  special  inspectors  of  workshops  have  beOD  appointed,  evidence 
is  given  that  effective  administration  is  possible  under  th<»  present  system  of  dual 
control.  With  the  further  extension  of  the  regulation  of  home  work,  the  proposal 
to  traittfer  the  oottre  taperrinon  of  woiinliopt  to  the  Home  OAee  heoomee  matt 
and  more  impracticable,  for  the  discoreiy  and  inspection  of  domestic  workshopaaua 
be  undertaken  only  by  tho»e  who  are  authorised  to  cany  on  a  hottse-to^onie 
visitfttion  for  sanitajy  purposes. 


4.  Natures  Economics.    By  Miss  Helen  Blackuuh.v. 

Legislation  regarding  the  economics  of  industry  should  be  in  harraonj  with 
the  economics  of  nature,  which  requires  of  all  human  beings  that  thej  seek  the 
control  of  their  own  anrroundings  as  maoli  aa  in  them  lies. 

The  old  phrase,  '  spear  side  and  spindle  side/  by  which  our  forelktheis  ei* 
pressed  the  industrial  conditions  of  earlier  days,  indicate;*  the  direction  of  the  chief 
occupation  of  women,  whUe  men  and  women  worked  into  each  other's  bands  in 
maiiT  diieetions. 

By  the  aid  of  M»enoe^  with  its  introduction  of  steam  power,  indoatrial  econo- 
mics entered  a  new  era.  We  read  of  a  parallel  change  goinjr  on  in  South  Africa 
which  illustrates  this.  The  introdoctiou  of  the  plough  which  is  drawn  by  cattle 
ia  robbing  the  natiie  women  of  the  field  wmdc  wnidi  they  regard  as  their  rights 
for  with  the  South  African  native  the  management  of  cattle  is  the  exeloiive 
privilege  of  men.  So  with  ourselves  by  mean-*  of  raachinery  the  domestic  arts  of 
women  have  been  carried  into  the  province  of  men.  Thnjr  tiad  themselrea  by  no 
fault  or  choice  of  their  own  in  competition  with  men. 

The  moral  effects  are  more  serious  than  the  industrial.  Home  is  no  loiter  a 
Bchool  of  domestic  art.    Legislation  ia  invoked  to  readjust  harmony. 

By  the  cotumon  application  of  few  rules  and  simple,  nature  provides  har- 
monious variety.  Our  industrial  legislation  on  the  contrary  work^  by  excep* 
tiona,  thereby  winging  about  daaa  legislation,  which  alwayi  falls  heaneat  on  the 
Weal<ept. 

In  tlie  textile  trades  ■women  have  natural  special  advantages  over  men,  but  iti 
the  greater  number  of  tradei*  the  litness  of  men  or  women  for  the  work  is  a  matter 
of  personal  capacity  and  drenmstances.   In  these  a  very  small  coneidoMion  tome 

the  scale  nnd  causes  women  to  be  regarded  as  rivals,  not  as  helpmates. 

Our  economic  jurisprudence,  weaken>'(l  by  tbe  exclusion  of  women  from  repl^ 
sentation,  induces  the  sentimental  idea  of  control  from  without. 


5.  The  Regnlaf'on  of  Wages  in  Developed  Indutirin. 
By  Professor  S.  J.  Chapman,  M.A. 

This  paper  does  not  deal  with  the  fundamental  determinants  of  wages, butmerelv 
with  the  principles  adopted  for  deliberately  re<rulating  them  (where  they  ar* 
deliberately  regulated),  and  the  machinery  by  wiiich  the  principles  are  applied. 
It  ia  now  commonly  assumed  that  wagea  (whether  time-fmtea  or  piece-rates) 
should  vary  with  profits,  but  'profits*  may  stand  for  peveral  different  concep- 
tions. There  nre  'particular'  proht^j— i.e.,  the  protits  of  particular  firms;  and 
'ffeneral'  or  'normal'  profits — i.e.,  'mai^inal*  profits;  'average'  profits,  in 
aoditiiMi,  are  frequently  referred  to  during  dispoteo  aa  to  wages,  but  by  theee 
'mar^nal'  pmHts  or  'normal'  profits  are  to  be  understood  as  a  rule.  In  some 
businesses  in  which  the  relations  between  the  several  human  factors  employed  are 
close,  wages  may  be  settled  by  the  rise  and  fall  of  'particular'  profits;  but  ia 
general,  if  profita  are  to  rank  aa  determinants,  the  'normal'  ptoAta  m  the  tnduatij 
muit  be  underrtood.  The  regulation  of  wagee  hj  normal  piofiti  ia  not  ao  aia^le 
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at  it  appear^  to  be  at  first  sigLit,  since  the  determination  of  profits,  with  anj  degree 
of  ezactoeti^  in  moat  i&doatriea  ia  impoBaiUe.  Howefer,  in  aome  indoatneay  aueb 

as  coal-miningy  uon-amelting,  and  cotton-spinning,  the  movementa  in  the  prioaa 
of  some  few  commodities  may  be  taken  as  a  rule  to  indicate  the  movements  in 
jprofita.  i'^or  instance,  in  the  cotton  industry  '  margins '  are  taken  to  vary  aa 
normal  mofita,  and  by '  margins  *  are  meant  the  differencee  between  the  mulcet 
prices  of  raw  cotton  and  of  yarns.  It  can  be  taken  that  in  some  induatriea  the 
determination  of  normal  profits  may  be  made  usually  with  sufficient  ease  and 
Accuracy  for  pnuidcal  purposes.  Even  in  these  cases,  however,  the  que^ition  of 
Che  reguUitioD  of  wages  is  not  settled,  for  it  ha«  further  to  be  dedded  (1),  whether 
wagea  shall  vaiy  directly,  and  at  the  same  rate,  aa  normal  pioits,  and  (2),  how 
frequently  a  movement  sliall  take  place,  i.e.,  over  how  lonp^  a  period  the  normal 
jprolita  shall  be  reckoned.  Arbitration  seema  to  imply  that  the  rate  at  which 
"wagea  and  profita  ahall  be  made  to  vary  together  can  be  fixed  for  aU  time  or  a 
long  period  of  time ;  and  the  objection  has  conseouently  been  made  to  arbitration 
that  when  it  is  admitted  fully  into  nn  industry  tne  employees  are  prevented  from 
rising  above  a  certain  position.  Such  dislike  to  arbitration  aa  exists,  is  largely 
xrouuded  on  the  desire  to  render  j^ossiUe  at  any  time  resettlements  of  the  rates 
between  profits  and  wages.  But  it  ia  not  yet  cliarly  perceived  a^  a  rule,  that 
many  strikes  might  be  avoided  by  nn  appeal  to  arbitration  for  the  settlement  of 
matters  of  fact  and  calculation,  after  the  fundamental  principle  upon  which  the 
readjustment  of  wages  was  to  be  made  bad  been  acceptea  by  both  parties. 
Again,  no  little  difficulty  haa  been  eaussd  by  the  fact  that  the  question  of  the 
intervals  bet  ween  readjustments  of  wages  has  never  been  exhaustively  discuFsed. 
The  advocates  of  sliding-scales — which  have  also  met  with  the  same  criticism 
as  arbitration — have  frequently  assumed  that  the  '  sliding '  should  be  ideally 
•continuous,  so  that  wages  and  profita  might  feel  alike  the  '  upa  and  downs '  of  the 
industry.  To  such  an  arrangement,  however,  and  to  any  arranrronient  closely 
Approximetiu^'  to  it,  the  graveht  objections  am  be  found,  at  any  rate  at  the  present 
time.  It  is  obvious  that  the  method  of  regulating  wages  must  be  diticrent  under 
diibient  indnatrial  fbrma. 


6.  SofM  Uryeni  J^eedt  of  a  Great  CUy,   By  Miss  L.  A.  Walrikgtov. 

Tiie  paper  refers  to  the  city  of  lielfast,  and  five  urgent  needs  are  pointed  out. 
^1)  Home$  for  the  dying. — These  are  required  for  refined,  edaeirted,  poor  genUemen 
And  ladies,  such  as  tutors  and  governesses,  w  ho  for  various  causes  cannot  be  nursed 
by  friends.  Their  essentials  are  privacy  and  rapid  admission  on  proper  recora- 
tuendation,  without  the  delay  of  election.  (2)  C^en  space*  for  children  s  play^ 
.^rotifuii.— Great  danger  and  inconvenienee  an»  canaed  by  children,  who  haTe  no 
proper  playground  provided  for  them,  playing  in  the  streets.  Playgroonda  ahould 
be  provided,  one  in  each  crowded  locality,  not  necessarily  large  or  elaborately  got 
up,  but  with  benches,  shelters,  sand,  and  trees.  The  resulting  benefits  would  be 
fonnd  in  improred  health  and  happineas  of  the  childrsn  and  comfort  of  nedeetriana. 
^3)  Libntrie$  m  raised  type  for  the  blind. — An  outline  of  the  history  ofraised-^rpe 
books  is  given.  They  are  of  great  benefit,  and  free  libraries  cont^iining  them  are 
needed.  (4)  Clubs  for  icorkiny  girls, — These  should  have  suitable  eating  and 
Bleeping  aceommodation,  and  are  needed  in  working  diatiicta  tor  mill  and  factory 
workers,  who  are  exposed  to  danger  when  lodgmg  in  private  houses.  They 
ehould  be  near  the  p-irls'  work,  cheap,  attractive,  and  run  on  business  principles. 
(6)  Homes  for  inebrtates. — There  is  only  one  such  home  in  Ireland,  that  for 
Inebriate  women  in  fielfiMt.  More  are  naededt  and  farther  legislation  ia  required. 


7.  The  Increase  in  Coii^umption  in  Ireland.    By  Robbbt  Biiowir. 

The  author  drew  attention  to  the  followin^r  statistics  of  consumption,  a 
clisease  which  is  account ahlr  for  nearly  one  sixth  of  all  the  deaths  in  Ireland 
and  about  one  hall  of  all  deaths  between  the  ages  of  fifteen  and  thirty-five. 
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England  nnd  Wales  are  reducing  their  death-rate  from  consomption  at  a  fairly 
npid  nte,  and  an  average  Deduction  of  about  40  per  cent,  in  thirty  years  !■  tekniflr 

place  in  eyery  civilised  country  in  the  world  of  which  statistics  are  to  hand,  except 
m  Ireland,  where  the  death-rate  from  consumption  is  steadily  on  the  increase  ;  and 
although  both  Dublin  and  Belfast  have  uaade  eome  progresa  it  ia  very  email 
eomptnd  with  what  has  been  mide  by  Olugow  and  Paisley- 
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The  author  coniadeia  tliat  as  a  general  rule  the  sanitary  authorities  are  very 
much  behind  in  the  way  they  perform  their  duties  and  tolerate  a  state  of  filili  \v. 
Ireland  which  would  not  be  permitted  in  any  other  country.  The  people  are 
content  to  live  in  a  state  of  dirt  and  discomfort,  having  little  desire  fbr  cleanli- 
ness in  their  persons  or  homeSy  and  a  glance  at  the  pavements  and  railway  ear* 
riages  will  sliow  visitors  that  the  filthy  habit  of  spittuig  is  indulged  in  here  to  an 
extent  to  which  they  happily  are  not  accustomed. 

It  is  suggested  that  the  increased  use  of  bread  and  tea,  till  they  are  now 
aloBOst  the  sole  diet  of  the  working  classes,  is  sapping  the  vitality  of  the  latter,  and 
is  probably  the  chief  cause  of  their  increasiiifr  liability  to  confumption.  Everyone 
who  knows  how  th»'  wnrlcing  classes  live  will  agree  thiit  an  immense  proportion  of 
them  drink  large  quantities  of  strong  stewed  tea  four  or  even  five  times  a  day. 
Pjrepaved  and  taken  thus,  it  does  harm  chiefly  by  dulling  the  cravinfr  for  food,  and 
so  enables  the  people  to  be  satisfied  with  an  insufficient  dietary.  The  fact,  also, 
that  it  is  always  *  bite  and  sup '  with  them,  nnd  the  food  ia  washed  domi  quite 
unmasticated,  still  further  taxes  the  unfortunate  stomach. 
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Section  O.— ENGINEERING. 
PmuiUBT  OF  YHB  Seohov— Profeasor  Jobk  Fbbbt,  D.Se.,  F.B.8. 


THURSDAY,  8BPTBMBBR  U. 

The  President  delivered  the  following  Address: — 

This  Section  liaa  had  >ixty-eix  Pn'Mdentf,  all  difl'crpnt  types  of  engineer.  As 
each  has  had  perfect  freedom  in  chooaiiig  the  subject  fur  his  Address,  and  each  has 
known  of  the  rule  that  Praaidcntial  Addxecsea  are  not  tubjeet  to  debate  aftw* 
wards/  and  as,  htinj?  an  engineer,  he  has  alway.s  been  a  man  of  originality,  of 
course  he  has  always  chosen  a  subject  outside  hiM  own  work.  An  engineer  knows 
that  the  ^pvat  inventions,  the  great  suggestions  of  change  in  any  professiou,  come 
from  ontoden.  Lawyers  Mem  like  fiab  out  of  water  wnea  trying  to  act  aa  laW' 
makers.  The  radical  change  that  some  of  us  hope  to  MO  before  we  die  in  the  con- 
struction of  locomotives  wul  certainly  not  come  from  a  locomotive  superintendent 
who  cannot  imagine  a  locomotive  which  is  not  somehow  a  lineal  descendant  of 
thoBoekot. 

Hence  it  is  that  in  almost  every  case  the  President  of  this  Section  has  dsFOted 
a  small  or  large  part  of  his  Address  to  the  subject  of  the  education  of  engineers.  I 
grant  that  every  President  has  devoted  his  life  to  the  education  of  one  engineer — 
nunself— and  it  is  diametetistic  of  engineers  that  tbeir  professtona]  edocatioii 
proceeds  thsonghout  the  whole  of  their  lives.  Perhaps  of  no  other  men  can  this* 
oe  said  so  complt'tely.  To  utilise  the  forces  of  Nature,  to  combat  Nature,  to  com* 
prehend  Nature  as  a  child  comprehends  its  mother,  this  is  the  pleasure  and  the 
patn  of  tbe  engineer.'  A  mere  scientific  man  analyses  Nature :  takes  a  phaMnnenoPj 
dialects  it  into  its  simpler  elements,  and  investigates  these  elements  sspantely  in 
his  laboratory.  The  engineer  cannot  do  this.  He  must  take  Nature  as  she  is,  in 
all  her  exasperating  complexity.  He  must  understand  one  of  Nature's  problems  as 
*  whole.  He  must  have  all  the  knowledge  of  the  scientific  man,  and  over  so  much 
nxne.  He  usm  the  methods  of  the  scientific  man,  and  adds  to  tbem  methods  of  his 
own.  The  name  given  to  these  scientific  methods  of  his  own  ur  their  results  is 
sometimes  '  common-sense/  sometimes  *  character,*  or  *  individuality,'  or  '  faculty^' 
or  *  business  ability,'  or  '  instiuct.'  They  come  to  him  through  a  very  vdde  expen- 
onoo  of  emginesring  piiocossM,  of  acquaintance  with  things  and  men.  No  school  or 

'  The  Committees  of  Sections  G  and  L  having  arrangeil  a  discussion  on  *  The  Edu- 
cation of  Eogineers,'  and  this  Address  being  rcguded  as  opening  tbe  discussion,  tbe 

mle  is  not  in  force  this  year. 

'  Of  all  the  unskilled  labour  of  the  present  day,  surely  that  of  tlie  modem  poet  is 
the  most  grotesque.  How  much  more  powerful  and  powerless  man  seems  to  us  now; 
how  much  more  wondcrfid  is  the  wodveise  than  it  was  to  the  ancients  1  Tet  our 
too  learned  poets  prefer  to  copy  and  recopy  the  sentiments  of  the  ancients  rather 
than  tty  to  see  the  romance  which  fills  tbe  lives  of  engineers  and  scientific  men 
with  Joj. 
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college  can  do  mors  (hftn  prepare  a  youn^  man  for  this  higher  engineering  odncfr- 
tion  which  lasts  through  life.  Without  it  a  man  follows  only  nilo  of  thumb,  liks 
a  sheep  following  the  beU-wetber,  or  else  he  lets  his  iDventiTeiieesor  love  <^  theoiy 

act  the  tyrant. 

When  ft  man  has  beoome  a  great  engineer,  and  he  is  asked  how  it  happened,  what 

his  education  has  been,  bow  young  engineers  ought  to  be  trained,  aa  a  mle  it  is  a 

qup.otion  that  he  is  lea«;t  able  to  answer,  and  yet  it  isi  a  question  that  he  la  meet  ready 
to  answer,   lie  sees  that  be  benefited  greatly  by  overcoming  certain  difficulties  in 
his  life ;  and  forgetting  that  every  boy  wtU  hiaTe  difficultieji  «DOUgfa  of  his  own,  for- 
getting that  nIthouKh  a  few  difficultira  may  be  good  Ibr  discipline  many  difficulties 
may  ho  ovLTwhclminpr,  forpetting  also  that  be  himself  is  a  ver>'  exceptional  man,  he 
insists  upon  it  that  those  dilficulties  wbicb  were  personal  to  himself  ouffht  to  be 
thrown  in  the  path  of  ererv  boy.  It  often  happens  that  he  it  a  man  wbo  la  aceoe- 
tomed  to  think  that  early  education  can  only  be  eiven  through  ancient  classics.  Ha 
forprt-  the  dulness,  the  weariness  of  his  schooldftys,    ^Vhatev*•r  pleasure  he  badin 
youth — pleasure  mainly  due  to  the  fact  that  the  average  Anglo-Siaxon  boy  inyents 
infinite  ways  of  escaping  school  drudgery — he  somehow  connects  with  the  fact  that 
lie  had  to  learn  classics.  Being  an  exceptional  boy,  he  waa not  altogether  atupefiedy 
and  did  not  altogether  lose  his  natural  inclination  to  know  somt«thimr  of  his  own 
lanp^iiai^f  ;  and  he  is  in  the  habit  of  thiuking  that  he  learnt  English  through  Latin, 
^nd  iliat  ancient  claries  are  the  best  mediums  through  which  an  English  boy  can 
study  anything.'    The  cleverest  men  of  our  time  have  been  brought  up  on  tbe 
cla.'isics.  and  m»  thr  engineer  who  rannot  even  quote  correctly  n  ta<.'  from  tlie  Latin 
grammar,  who  n»'ver  knew  linythinp  of  clas-iical  literature,  inj^ists  upon  it  that  a 
classical  education  is  essential  for  ail  men.    He  forgets  liia  weary  hours  he  spent 
getting  off  Euclid,  and  the  relief  it  was  to  escape  nrom  the  dase-room  not  quits 
fltupeliod,  and  he  advocates  the  study  of  purt*  mathematics  and  abstract  dynamic?  as 
absolutely  necessary  for  the  traininjj:  of  the  mind  of  every  young  engineer.    1  have 
known  the  ordinary  abominable  system  of  matheiunticai  study  to  be  advocated  by 
engineer*  who,  because  they  had  passed  through  it  themsdves,  had  really  got  to 
loathe  all  kinds  of  mathematics  nigher  than  th.it  of  the  grocer  or  housekeeper. 
They  said  that  mathematics  had  trained  their  minds,  but  they  did  noc  need  it  in 
their  profession.   There  is  no  profession  wbicb  so  much  re<^uires  a  man  to  have 
the  nathematiad  tool  always  ready  for  use  on  all  sorts  of  ptoUems,  the  mathe- 
natieal  habit  of  thought  the  one  most  exercised  by  bim  ;  and  yet  these  men  insist 
upon  it  that  they  can  get  all  their  calculations  done  for  them  by  mathematicians 
paid  so  much  a  week.    If  they  really  thought  about  what  tbey  were  sayii^,  it 
would  he  an  acpreesioii  of  the  greatest  contempt  for  all  en^ncering  computation  sad 
knowledge.   He  was  pitchforked  into  works  with  no  knowledge  of  mathematics, 
or  dynamics,  or  physics,  or  chemistry,  and,  worse  still,  ignorant  of  the  methods  of 
study  which  a  study  of  these  things  would  have  produced;  into  works  where 
there  was  no  man  whose  duty  It  was  to  teach  an  apprentice ;  and  beeanaa  hi,  cm 
in  a  thousand,  has  been  auccessfnl,  he  assurec  us  that  this  pitchforkin|(  process  ii 
absolutely  necp^^ar}'  for  every  young  engineer.    He  forgets  that  the  ayerap^e  boy 
leaves  an  English  school  with  no  power  to  think  for  himself,  with  a  hatred  for 
books,  with  less  than  none  of  the  knowledge  which  might  help  him  to  nndoiitand 
what  be  sees,  and  be  has  learnt  what  is  called  mathematica  in  such  a  fimhion  that 
he  hates  the  sight  of  an  algebraic  expression  all  his  life  after. 

1  do  not  want  to  speak  of  boys  in  general.  I  want  only  to  speak  of  the  boy 
who  may  become  an  engineer,  and  before  speaking  of  his  training  I  want  to  msn- 
tion  his  essential  natural  qualification — thatheremly  wiahes  to  beoome  an  engineff. 
1  take  it  to  be  a  rule  to  wbicb  there  are  no  exceptions  that  no  boy  ought  to  enter 
a  profession — or,  rather,  to  continue  in  a  profession — if  be  does  not  love  it.  Wo  all 
know  the  young  man  who  thinks  of  eugineering  things  during  office  hours  and 

'  The  very  people  who  talk  so  much  of  learning  English  through  Latin  neglect 
in  tbe  moat  curiooa  waya  those  Flatt-DeutRcb  languages,  Dutch  and  Scandinavian,  a 
knowledge  of  wbieh  ia  tea  times  more  valuable  in  the  study  of  what  is  becoming  the 
speech  of  the  world.  And  how  they  do  scom  Lowland  Scotch  I 
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nerw  thinks  of  tiMm  Otttaid»  ofliM  boon.  We  know  how  bit  fond  mother  talkt  of 
her  son  u  an  eQgineer  wlio,  with  a  little  more  family  influence  and  perHonal  favour, 
And  if  th^re  was  not  so  much  competition  in  the  profession,  would  do  so  well.  It 
is  true,  family  influence  may  perhaps  get  such  a  man  a  better  position,  but  he  will 
neyer  be  an  en^ne^r.  He  ia  not  fit  e¥en  to  be  a  hewer  of  wood  and  drawer  of  water 
to  engineers.  Lore  for  his  profotion  keeps  a  man  alive  to  its  interests  all  his  time, 
although,  of  course,  it  does  not  prevent  his  taking  nn  interost  in  all  sorts  of  other 
things  as  well ;  but  it  is  only  a  professional  problem  that  warms  him  through  with 
enthusiasm.  1  think  we  may  assume  that  there  never  yet  waa  an  eoffineer  worth 
hia  ealt  who  was  not  fond  of  engineering,  and  so  I  sluill  speak  only  of  ^e  ednoa- 
tioQ  of  the  young  man  who  is  likely  to  b^  fond  of  engineering. 

How  are  we  to  detect  this  fondnetis  in  a  boy  ?  I  thiuk  that  if  the  general  educa- 
tion of  all  boys  were  of  the  rational  kind  which  I  shall  presently  describe,  there 
would  be  no  great  difficulty ;  but  as  the  present  academic  want  of  system  is  lilmly 
to  continue  for  some  time,  it  is  well  to  consider  things  as  they  arp.  Mlstakea  must 
be  made,  and  the  parent  who  tries  during  tlie  early  years  of  hi?  otl'Hpring  to  lind  out 
by  crafty  suggestion  what  Hue  his  son  is  likely  to  wish  to  follow  will  just  as  probably 
do  evil  by  commission  as  the  utterly  careless  parent  is  likely  to  do  evil  by  omisnoD. 
He  ia  like  the  botanical  enthusiast  who  dips  up  plants  to  spo  how  they  are  petting 
on.  But  in  my  experience  the  Anglo-Saxon  boy  can  staud  a  very  preat  deal  of 
-mismanagement  without  permanent  hurt,  and  it  can  do  no  kind  of  boy  any  very 
4ipreat  harm  to  try  him  on  engineering  for  a  while.  Even  R.  L.  Stevensoo,  whose 
father  seems  to  liave  been  very  persistent  indeed  in  trying  to  make  an  engineer  of 
him  ni'^aiii8t  his  will,  does  not  seem,  to  a  Philistine  like  myself,  to  have  been  really 
hurt  as  a  literary  man  through  his  attendance  on  Fleeming  Jenkins'  course  at 
Edinburgh— CO  the  contrary,  mdeed.  It  may  be  prejudice,  but  I  have  alwaja 
felt  that  there  is  no  great  public  person  of  whom  I  have  ever  read  who  would  not 
have  benefited  bv  the  early  trainiug  which  is  suitable  for  an  engineer.  I  am  glad 
to  see  that  Mr.  Wells,  whose  literary  fame,  great  as  it  is,  is  still  on  the  increase, 
^isUnguisbes  the  salt  of  the  earth  or  saviours  of  sode^  from  the  degradsd,  uss* 
less,  lu»irioas,  pleasure-loving  people  doo&ied  to  the  abym  by  their  having  had 
the  traininp  of  engineers  and  by  their  possessing  the  engineer's  methods  of  thinking. 


adeDoe  or  applieation  of  science  is  hatMuL  I  haTS  been  told  that  thia  is  so,  and 
if  ao  I  still  think  that  only  gross  mismanagement  of  a  youthful  nature  can  have 

produced  such  detestation.  For  such  curious  persons  engineering  experience  is,  of 
cooree,  quite  unsuitable.  1  call  them  *  curious '  because  every  child's  education  in 
vuy  early  years  is  one  in  the  methods  of  the  study  of  physical  sdeooe;  ft  ia 
Natars'aown  method  of  training,  which  proceeds  saoces.siuHy  until  it  is  inter- 
fered with  by  ignorant  teachers  who  check  all  power  of  observation  and  the 
natural  desire  of  every  boy  to  find  out  things  for  hunself.  If  he  asks  a  oue&tion, 
he  ii  snubbed ;  if  he  obenrves  Nature  as  a  loving  student,  he  is  said  to  be  laxy  and 
«  dunce,  and  is  punished  as  being  neglectAil  of  school  work.  Unprovided  with 
apparatus,  he  makes  experiments  in  his  own  way,  and  he  i>  said  to  be  destructive 
«na  full  of  mischief.  But  however  much  we  try  to  make  the  wild  ass  submit  to 
hoods  and  the  unioom  to  abide  by  the  crib,  however  bullied  and  beaten  into  the 
ATsrsge  schocdboy  type,  I  cannot  imagine  any  healthy  boy  suflfering  afterwards 
by  part  of  a  course  of  study  suitable  for  engineers,  for  all  such  study  munt  follow 
Nature's  own  system  of  observation  and  experiment.  Well,  whether  or  not  a 
mistake  has  been  made,  I  shall  assume  the  boy  to  be  likely  to  love  engineering, 
and  we  have  to  eooaider  how  he  ought  to  be  prepared  for  his  profession. 

T  want  tn  say  at  the  outset  that  I  usually  care  only  to  ypeak  of  the  average 
boy,  the  boy  usually  said  to  be  stupid,  ninety-tive  per  cent,  of  all  boys.  Of  the  boy 
eaid  to  be  exceptionally  clever  1  need  not  speak  much.  Even  if  he  is  pitchforked 
into  works  immediately  on  leaving  a  bad  school,  it  will  not  be  long  before  he 
chooses  his  own  course  of  study  and  follows  it,  wimtever  course  may  have  been 
laid  down  for  him  by  otiiers.  I  remllect  that  when  in  1803  I  attended  an  evening 
clafs  held  in  the  Model  School,  Belfast,  under  the  Science  and  Art  Department, 
<m  P^tlcal  Geometry  and  Meebaoical  Drawing,  there  was  a  young  man  attending 


whom  all  physical 
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it  who  is  now  well  known  as  the  Right  Honourable  William  J.  Pirrie.  He  bad 
found  out  for  himself  that  he  needed  a  certain  kind  of  knowledge  if  he  wae  to 
eieape  fiom  men  ni]»>of*tliiimb  meUukb  In  shipbuilding  work;  it  ooold  at 
that  time  be  obtained  nowhere  in  the  North  of  beland  except  at  that  class^  and  oC 
course  he  attended  the  class.  For  forty- two  years  the  Science  and  Art  Dep&rt- 
uenty  which  has  recently  doubled  its  already  ^at  efficiency ,  has  been  eivuig 
dianoeii  of  thia  kind  to  erery  clever  young  man  in  tbe  country,  from  long  belbx« 
an^PbyHical  Seiaiice  was  taught  in  any  English  public  school.'  The  one  eeMntial 
thing  for  the  exceptional  boy  is  that  he  phall  find  wit^lin  his  reach  charctrs  to 
take  advantage  of;  chances  of  learning ;  chances  of  practice ;  and,  over  and  above 
all,  chances  of  meeting  great  men.  If  takes  me  off  my  subject  a  little,  but  I 
should  like  here  to  illusfeiate  this  matter  from  my  own  personal  experience. 

I  had  already  been  an  apprentice  for  four  years  at  the  Lagan  Foundry  wh.  n  I 
entered  Queen's  Collefre  for  a  course  of  Civil  Engineering.  I  suppose  tiiat  th^-re 
never  was  ou  this  earth  a  college  so  poorly  equip^d  for  a  course  of  engineer uij^ 
studT.  EvBO  the  lecture-room — this  lecture-roooi  m  wfaidi  you  ara  now  sittintr — 
was  Dorrowed  from  the  Physirs  Professor.  There  wa?  a  narrow  passa^,  ironicallj 
called  a  '  Drawinp  lioom,'  and  this  was  the  only  space  reserved  for  en^neering  in  a 
town  whose  engineering  work  was  even  then  very  important.  I'here  were  some 
theodolites  and  levels  and  diains  for  snrveying,  bat  nothing  else  in  tha  way  of 
apparatus.  But  there  was  as  Professor  a  man  of  very  great  individuality;  he 
acted  as  President  of  this  S«;tion  twentv-eipht  years  ago.  1  ran  hardly  express 
my  obligations  to  I'rofessor  James  Thoin^m.  It  wa-i  my  good  fortune  to  be  a 
punil  b^h  of  this  great  msn  and  of  his  youngi>r  brother  Lord  KelTiD,  aa  wdl  as 
of  Dr.  Andrews.  It  is  not  because  these  tliree  men  were  bom  in  Belfast  that  we 
here  call  them  great.  It  is  not  because  Tait,  late  of  Edinburgh,  and  Purser,  now 
the  President  of  ISection  A,  were  professors  at  thb  CoU^  that  we  call  them  great 
All  tha  leientific  men  of  tha  world  are  agreed  to  eall  tMse  nun  very  great  indeed. 
To  omne  to  contact  with  any  of  them,  aran  for  a  little  whila,  aa  a  stodent  altered 
for  ever  one's  attitude  to  Nature.  It  wu  not  that  they  gave  us  inform.-ition. 
knowledge,  facts.  The  syllabuses  of  their  courses  of  study  were  nothing  like  ao 
Mileet  as  that  of  the  smaUest  Gennaa  polytechnic  And  ^  if  a  yontn  with  a 
Juktng  for  physical  sdsnoe  had  gone  to  a  German  Gymnasium  to  the  age  of  nine> 
teen,  and  hnd  become  a  walking  encyclontedia  on  leaTinjr  one's  polytechnic  at  the 
age  of  twenty  •tour,  the  course  of  that  liife-stud^  would  not  have  done  for  him  as 
mvek  good  as  was  done  hj  a  month's  contact  with  one  of  these  men.  People  eall 
it  'personal  magnetism/  and  think  there  is  something  occult  abont  it.  In  tnth^ 
they  revealed  to  the  student  that  he  himself  was  a  man,  that  mere  learnincr  was 
unimportant,  that  one's  own  observation  of  some  common  phenomenon  might  lead 
to  important  results  unlmown  to  the  writers  of  bodks.  Thej  made  one  begin  to 
think  for  oneself  for  tha  tot  time.  Let  ma  giTa  an  axampla  of  how  tha  thing 
worked. 

James  Thomson  was  known  to  nie  as  the  son  of  the  author  of  my  best 
mathematical  books,  but  more  particularly  as  the  man  who  had  first  used  Camofs 
principle  in  comhination  with  tha  discovery  of  Joule,  and  I  often  wondered  why 
Kankino  and  ^  '1  msius  und  Kelvin  got  all  tlf  credit  of  the  discoverA-  of  the  second 
law  of  theruK (dynamics.  Men  think  of  this  work  of  hi>^  merely  a-s  having  given 
the  first  explanation  of  regelation  of  ice  and  the  motion  of  glaciers,  lie  was 
known  to  me  as  tha  inventor  of  tiia  'Hioaason  Tnrfalna  and  Oentrifogal  Pmnp  and 
Jet  Pump.  Ills  name  was  to  be  found  here  and  there  in  all  my  text-txwk?, 
always  in  connection  with  some  thoroughly  well-worked-out  investigation,  as  it  is 
to  be  found  in  all  good  text>books  now ;  for  wherever  be  left  a  subject,  there  that 
snl^eet  has  imnainad  vntil  thia  day;  nobody  has  added  to  it  or  fonnd  a  mistahs 
in  It.  Ha  was  to  me  a  vary  fomoaa  man,  mi  yat  ha  trsatsd  ma  as  a  foOois- 

>  I  once  stated  that  my  workshop  at  Clifton  College  in  1871  was  the  first  school 
workshop  in  England.  I  understand  that  this  is  a  mistake ;  there  had  been  a  work- 
shop at  Hossall  for  some  years.    But  I  believe  1  am  right  in  saying  that  my 

Sbysical  labmtofy  at  CUfton  was  tha  fifst  school  laborat<»y  in  England.  These 
leas  were  not  mine;  they  wars  those  of  the  Headmaster,  now  tha  Bishop  of  Usrsbfd. 
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stodeot.  One  of  his  early  lectures  was  about  flowing  water,  and  be  told  us  of  a  lot 
of  tbings  be  had  observed,  which  I  also  hid  observed  without  much  thought ;  aad 
lie  showed  how  these  simple  observations  completely  destroyed  the  value  of  every- 
thing printed  in  every  text-book  on  the  subject  of  water  tiowinp  over  gauge- 
uotdiesi  even  in  the  otherwise  very  perfect  lianicine.  I  felt  how  stupid  X  had  h^en 
in  not  having  drawn  thoia  concluaona  myself,  but  in  truth  till  then  I  had  naivar 
ventured  for  a  moment  to  criticise  anything  iu  a  book.  I  have  been  a  cautious 
critic  of  all  statements  in  text-books  ever  since.  If  any  cntrineer  wants  to 
read  what  is  almost  the  must  instructive  paper  that  has  evt^r  been  written  for 
oopinaen,  lat  him  nfer  to  tha  latest  paper  written  by  Jamea  Thomaon  on  thi* 
subject.'  Tlie  reasoning  there  g-iven  was  ^'ivpu  to  me  in  lectures  in  thisTOOry  lOOm 
in  1808,  antl  had  been  given  to  students  for  many  years  previous. 

Again,  soon  afterwards,  he  let  me  see  that  although  I  had  often  looked  at  the 
whiclpool  hi  a  baafai  of  water  whan  tha  central  bottom  hole  it  open,  and  although 
I  bad  read  Edgar  Allen  Poe's  mythical  description  of  the  Maelstrom,  I  had  been 
very  much  too  carelePB  in  ray  observation.  Among  other  things,  Thomson  had 
observed  that  particles  of  sand  gradually  passed  alon^  the  bottom  towards  the 
hole.  When  no  found  ont  tha  canae  of  thie^  it  led  lum  at  once  to  mnmnl  dia* 
ooveries  of  g^^t  importance.  Indeed,  the  study  of  thia  simple  observation  gave 
rise  to  all  his  work  on  (I)  What  occurs  at  bends  of  pipes  and  channels,  and  why 
rivers  in  alluvial  plains  bend  more  and  more ;  (2)  The  explanation  of  the  curioua 
phenomena  that  aoeompany  great  Ibreit  fine;  (3)  Tha  complete  theonr  of  the 

Ctt  wind  circidation  of  the  earth,  pabliahed  in  ita  final  mm  aa  the  Baherian 
ture  of  the  Royal  Society  in  1892. 

But  why  go  on  ?  He  taught  me  to  see  that  the  very  commonest  phenomenon 
had  still  to  wntX  important  aeerata  to  the  imderatanding  eye  and  bram,  and  that 

no  man  is  a  true  stuaent  nnlem  ho  ia  a  discoverer.  And  so  it  was  with  Kelvin 
and  An«lrt'W!<.  Their  Tuimes  were  great  before  the  world,  and  yet  they  treated  one 
as  a  fellow-student.  Is  any  expenditure  uf  money  too  Ivge  if  we  can  obtain 
great  men  like  them  for  o«r  Engineering  Colleges  P  Jrac!jr  la  wanted  for 
apparatus,  and  more  pavticnlarly  Ibr  mm,  mid  we  apand  what  httle  wa  have  on 
bncks  and  mortar ! 

The  memory  of  a  man  so  absolutely  honest  as  Professor  James  Thomson  was 
compels  me  to  say  here  that  I  was  in  an  exceptionally  fit  state  to  benefit  by 
contact  with  hun,  for  I  hungered  for  aeiantific  inumnation.*  I  do  not  think  that 
there  was  so  much  benefit  for  the  average  student  whose  early  education  bad 
almost  un6tted  him  for  enpine<}ring  studies.  To  work  quantitatively  with 
apparatus  is  good  for  all  students,  but  it  is  absolutely  necessary  for  the  average 
atndent,  and,  as  I  said  before,  there  waa  no  apparatus.  Alao  tha  average  student 
cann  >t  Inarn  from  lectures  meralyybut  needs  ocostuit  tutorial  teaching,  and  the 

Prole8i>or  had  no  assistant. 

Anybody  who  wants  to  know  what  kind  of  engineering  school  there  ought  to  bo 

*  Brit.  A$uc.  Rep&rt,  1876,  pp.  248-266. 

-  Some  of  our  nio^t  successful  graduates  went  direct  to  works  from  the  ]\TodeI 
School,  Belfast,  and  afterwards  attended  this  College.  No  school  in  the  British 
Islands  could  have  given  better  the  sort  of  general  education  which  I  recommend 
for  all  boys.  EngHim  anbjects  were  espeofaU]^  well  taught,  so  that  boys  became  fond 
of  reading  all  manner  of  books.  There  were  good  classes  in  freehand  and  machine 
drawing,  classes  in  chemistry  and  physics  (at  that  time  I  believe  that  there  were  no 
ioch  oh»ees  in  any  English  pablio  sohool),  and  the  teaohing  of  mathematics  was  good. 
Some  of  the  masters  startcfl  cla'^-es  also  xmder  the  Science  and  Art  Popartnirnt. 
Some  of  the  masters  had  much  individuality,  and  there  was  no  outside  examination 
to  reatrain  it;  there  waa  only  enoooragement.  Evidence  haa  been  given  before  % 
committee  of  the  London  School  Board  aa  to  the  excellence  of  the  teaching  at  thia 
school  forty  years  ago.  Foreign  languages  were  not  in  the  regular  curriculum,  but 
they  could  be  studied  by  boys  inclined  that  way ;  and  in  my  opinion  this  is  the 
position  that  all  languages  other  than  English  ought  to  take  in  any  British  school 
With  such  preparation  &  boy  was  eager  and  able  to  midemtand  what  went  00  !■ 
engineering  works  from  his  first  day  there. 
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in  such  a  college  tm  this  can  see  excellent  specimens  (sometimes  several  in  one  toim) 
in  Glasgow,  iiirnungham,  Liverpool,  Lonaon,  Manchester,  Leeds,  Bristol,  Notting- 
luuB,  Bdinbtti^,  aim  other  gnat  eitisi.  Than  the  Ibttanate  namiftetmvn  hevt 
given  many  hundreds  of  thousands  of  pounds  for  instruction  in  applied  science 
^engineering).  In  Americn  the  equipment  of  such  schools  is  much  more  thorough, 
4Uid  there  are  large  st&ifs  of  teachers,  for  fortunate  Americans  have  coatribated  teoa 
of  dUUoiu  of  poundi  for  thii  laad  of  aanataaea  to  the  ritiiig  generaticm.  Qennaiu 
And  Switzerland  compete  with  America  in  such  preparation  for  saprenA^  m 
manufacture  and  engineering,  and  nearly  every  country  in  the  world  is  more  and 
more  recognising  its  importance  as  they  see  the  great  inventions  of  £nglialuiieD 
iike  Faraday  and  PerUn  and  Hughes  and  Swan  deteloped  almost  altoi^thar  m 
those  countries  which  believe  in  education.  Even  one  Imndred  tbouHid  poonda 
wouM  provide  Queen's  Collfyf ,  B*'lfaj*t,  with  the  equipment  of  an  enpineericg 
echoul  worthy  of  its  traditions  and  position,  and  Belfast  is  a  city  in  which  many 
large  bonness  ibrtmwi  have  been  made. 

It  is  interesting  to  note  that  the  present  arrangiments  of  the  Boyal  Univenitr 
of  Ireland,  with  vdiich  this  College  is  affiliated,  are  such  that  most  ot  the  successful 
•graduates  in  engineering  of  Queen's  University  would  now  be  debarred  from 
taking  the  d^ree.  Even  in  Limdon  UniTerBity,  Latin  la  not  a  eompulaoiyaahieet 
for  degrees  iu  aeienee;  Ireland  has  taken  a  atep  backwards  towaraa  the  Maddb 
Ages  at  the  very  time  wben  other  countries  are  stepping  forward. 

Well-equipped  schools  of  applied  science  are  getting  to  be  numerous,  but  I  am 
•orry  to  say  that  onlv  a  few  of  the  men  who  imve  tnem  every  year  are  really 
likely  to  beoome  good  engineers.  The  most  important  reason  for  thia  ia  that  the 
etudents  who  enter  them  come  usually  from  the  public  schools;  they  cannot  write 
English;  they  know  nothing  of  English  subjects;  they  do  not  care  to  rend  any- 
thing except  the  sporting  news  in  the  daily  papers ;  they  cannot  compute ;  they 
know  nothing  of  natural  aeienee ;  in  fact,  they  are  qoite  defleient  in  that  kind  of 
^neral  education  which  cvfry  man  ought  to  have. 

I  am  not  sure  that  such  ig^norant  boys  would  not  benefit  m')ri«  by  enterii^ 
works  at  once  than  by  entering  a  great  engineering  school.  They  cannot  follow 
the  College  counea  of  instruction  at  all,  in  spite  of  having  passed  the  cntranee 
^'xaniinfition  by  cramming.  ^VLerea3  aftf-r  a  while  they  do  begin  to  understand 
wli&t  pocs  on  in  a  workshop  ;  and  if  they  have  the  true  engineer'^*  f^pirit,  their 
workshop  observation  will  greatly  correct  the  faults  due  to  stupid  schoolworli.' 

Perhaps  I  had  hatter  state  plainly  my  views  as  to  what  general  edoeatioii  it 
best  for  the  average  English  boy.  Thn  public  schtwls  of  England  teach  English 
through  Latin,  a  survival  of  the  time  when  only  !*ppcial  boys  were  taught  at  all, 
«nd  when  there  wa^  only  one  language  in  which  people  wrote.  Now  the  actragt 
boj  18  abo  taught  Latin,  and  when  lie  leaves  aimool  for  the  army  or  any  otiHr 
pursuit  open  to  average  boys  he  cannot  write  a  letter,  he  cannot  construct  a 
grammatical  sentence,  ne  cannot  describe  anything  he  lia?  steen.  The  public- 
echool  curriculum  is  always  growing,  and  it  is  never  subtracted  from  or  reaniuiraL 
There  is  one  aalgeet  Whidi  ofdinaiy  achoohnastett  can  teack  well— Lstm.* 

'  When  I  was  young  I  remember  that  there  were  many  agricultural  colleges  in 
Ireland ;  they  have  all  but  one  been  failures.  Why  1  Because  the  entering  pupils 
aroe  not  prepared  by  early  ednoation  to  nnderatand  the  instmetion ;  this  had  done 
As  much  as  possible  to  unfit  them. 

*  Only  one  subject — Latin — is  really  educational  in  our  schools.  I  do  not  mean 
that  the  aTerage  boy  reada  any  Latin  antiior  after  he  leaves  school,  or  knows  moj 
Latin  at  all  ten  years  after  he  leaVM  adUMd.  I  do  not  mean  that  his  Latin  bripa 
him  even  sli^^htly  in  learning  any  modem  language,  for  he  is  always  found  to  be 
ludicrously  ignorant  of  l^Vench  or  German,  even  after  an  elaborate  course  of  instruo- 
i.ion  in  these  languages.  I  do  not  mean  that  his  Latin  helpe  him  in  atndying  EsgUafa, 
for  he  can  hardly  write  a  sentence  without  error,  I  do  not  mean  that  it  makes  him  fond 
of  literature,  for  of  ancient  literature  or  histoiy  he  never  has  any  knowledge  ezo^ 
ehat  OMar  wrote  a  book  for  the  third  form,  and  on  Bnglish  literaton  his  ndnd  ia  a 
blank.  Jiut  I  do  mran  that  as  the  ordinary  public  scli<  ki!  master  is  really  able  to  give 
«  boy  easy  mental  exercises  through  the  atadjr  of  Latin,  this  subject  is  in  quite  a 
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The  other  usual  nine  subjectfl  have  cmdually  been  added  to  the  curriculum 
for  exammuiion  purposes ;  ihej  arc  taught  in  water-tight  compartmeDta— > 
or,  rather,  they  are  only  crammed,  and  not  taught  at  all.  Our  school  aystem 
resembles  the  ordinary  type  of  old-estfiblishod  works,  where  gradual  accretion  has- 
produced  a  higgledy-pisrplt'dy  set  of  shops  which  one  looks  at  with  stupe- 
loctioD,  for  it  is  impossible  to  get  business  done  in  them  well  and  promptly,  and 
yet  it  aaena  impoanble  to  start  a  reform  anywhere.  What  is  wanted  is  an 
eartliquake  or  a  fire — a  good  fire — to  destroy  the  whole  works  and  enable  th» 
business  to  be  reconstructed  on  a  consistent  and  simple  plan  And  for  much  the 
same  reason  our  whole  public-school  system  ought  to  ho  '  scrapped.'  What  we- 
WKiit  to  see  is  that  a  boy  of  fifteen  shall  be  fond  of  reading,  diaU  be  aUa  to  com- 
pute, and  shall  have  some  knowledge  of  natural  science  ;  or,  to  put  it  in  another 
way,  that  he  shnll  liave  had  mental  training  in  the  study  of  his  own  lantruage,  in 
the  ezperimeotal  study  of  mathematics,  and  in  the  methods  of  the  student  of 
natoral  seienoa  Such  a  boy  is  fit  to  b^n  any  ordinary  profession,  and  whether 

different  position  from  that  of  the  others.  If  any  proof  of  this  statement  b  wanted* 

it  will  be  found  in  the  published  tittcrances  of  all  Forts  of  men — military  officers, 
business  men,  lawyers,  men  of  science,  and  others — who,  confessedly  ienorant  of '  the- 
tongues,'  get  Into  a  state  of  rapture  over  their  school  Mcperlenoes  ana  the  eflBoisni^ 
of  Latin  as  a  means  of  education.  All  this  comes  from  the  fact,  whi(^  scimolboj* 
are  sharp  enough  to  observe,  tliat  English  schoolmasters  can  teach  Tjatin  well,  and 
they  do  not  take  much  interest  in  teaching  anything  else.  It  is  a  power  inherited 
from  the  Middle  Ages,  when  there  really  was  a  simple  system  of  edacation.  I  aslc 
for  a  return  to  simplicity  of  system.  English  (the  King's  Kntrlish  ;  I  exclude 
Johnsonese)  is  probably  the  richest,  the  most  complex  language,  the  one  most  worthy 
of  philologio  study ;  English  literatnrs  is  eertidnly  more  valnable  than  any  anelent 
or  mrKlcrn  literature  of  anyone  other  conntry,  yet  ailmiration  for  it  amting  learned 
Englishmen  is  wonderfully  mixed  with  patronage  and  even  contempt.  At  present, 
is  there  one  man  who  can  teach  English  as  Latin  is  taught  by  nearly  every  master  of 
every  school  7  Just  imagine  that  English  oonld  be  so  taught  by  teacheis  capable  of 
rising  to  the  level  of  our  literature  1 

I  have  often  to  give  advice  to  parents.    I  find  the  average  parent  exceedingly 
ignorsnt  of  his  son's  character  or  inclinations  or  ability.   He  psys  a  sohoc^raaster 
handsomely  for  taking  his  son  off  hU  hands  except  durin^^  holidays.    During  th& 
holidays,  so  terrible  to  a  parent,  he  sees  iiis  son  as  little  as  possible.   One  question- 
always  asked  is:  Do  yon  tbiidc  it  better  to  have  *theoretloal*  Instmetlon  (they 
always  call  it  by  this  absurd  name)  before  or  after  an  actual  apprenticeship  inr 
works  1  Of  course,  snch  a  question  cannot  be  answered  offhand.  You  tell  the  parent, 
to  his  great  xisionishment,  that  you  must  see  the  boy  himself.    When  at  length  you 
see  hhn,  the  chances  are  that  yon  will  find  him  to  be  what  the  sdhoolmasters  are- 
making  of  all  our  average  boys.    No  part  of  his  school  work  has  been  a  pleas  urf  {<>■ 
him,  and,  although  be  has  had  to  work  hard  at  bis  books,  not  one  of  the  above  three 
powen  is  his— power  to  use  books  and  to  write  his  own  language ;  the  language  of 
his  nurse,  his  mother,  his  mistress  that  is  to  be,  his  t-nendes  and  friends;  the  only 
language  in  which  he  thinks— power  to  compute  and  a  liking  for  computation — 
power  to  understand  a  little  of  natural  phenomena.    Honestly  I  practically  never 
find  that  such  a  boy  has  had  any  education  at  all  except  what  he  has  obtained  at  home 
or  from  his  school  companions  or  from  his  sports.    Even  his  sports  are  to  keep  him 
healthy  of  body  only  and  not  at  all  to  cultivate  bis  mental  powers.   Those  old  games 
like  *  Prisonerr  Baw,'  wMoh  isally  developed  in  a  wonderful  way  not  only  all  the 
muscles  of  the  body,  but  also  the  t!iinking  power,  are  scorned  in  the  pnblir  schools. 
Think  now  how  such  a  boy  is  handicapped  if  we  pitchfork  him  into  works  where  it 
Is  nobody's  duty  to  teaoh  him  anything,  or  send  him  to  college,  where  he  oannol> 
understand  the  lectures.    Of  course,  if  he  is  very  eager  to  be  an  engineer  he  will,  by 
hook  or  by  crook,  pret  to  understand  things.    I  have  met  some  sufh  men —clever,  suc- 
cessful engineers  in  spite  of  all  sorts  of  adverse  circumstances — but  Uio  best  of  them 
are  willing  to  admit  that  they  are, and  have  always  been,  greatly  hurt  by  the  absence 
of  the  three  powers  which  I  have  specified.  An»l  if  this  lias  been  so  in  the  past,  when 
the  scientific  principles  underlying  engineering  have  been  simple,  how  much  more 
BO  is  it  now,  when  every  new  dlsoovery  in  physics  is  pfoducing  new  bcanebes  of 
eqgineeiiBgl 
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he  is  to  enter  the  Church,  or  take  up  medicine  or  surgerr,  or  become  a  soldier, 
every  hoy  ought  to  have  tliifl  Und  of  tfaloing.   When  I  hare  adToeated  tbta  kiad 

of  education  in  the  pait  I  have  usually  been  told  that  I  v>'ti»  thinking-  only  of  hors 
■who  intend  to  be  enginpPTS :  that  it  was  a  specialised  kind  of  instruction.  But 
this  18  very  untrue.  Let  me  quote  from  the  recommendations  of  the  1902  Militazy 
Education  Committee  (lieport,  p.  6) : — 

'The  fifth  subject  which  may  be  considered  as  an  esMotial  part  of  a  sound 
p^nt'ral  educatimi  in  pxperitiipnfal  science  :  that  is  to  say.  the  science  of  ph_v?i-:-«  ard 
chemistry  treated  experiment  all^.  As  a  means  of  mental  training,  and  also 
▼iewed  as  useful  knowledge,  this  may  he  considered  a  necessary  part  of  the 
inteUeotual  equipment  of  every  educatini  man,  and  espeoally  so  of  the  officer, 
whnsf  prnfcjS'iion  in  all  its  branrbt's  \<*  dnily  befominp  more  and  more  dependent  on 
ecieuce.'  \N  lieu  statements  of  this  kind  have  been  made  by  soma  of  us  in  the 
post,  nobody  has  paid  much  attention;  hut  I  beg  you  to  observe  that  the  head- 
manter  of  Eton  and  the  headmaster  of  St.  Paul's  School  are  two  of  the  memben 
of  til'-  important  Committee  who  signed  tlii«!  recommendation,  and  it  is  impr>ssibltf 
to  ignore  it.  Last  year,  for  the  first  time,  the  I'resident  of  the  Uoyal  Society  mnde 
a  titutemeut  of  much  the  same  kind,  only  stronger,  in  his  annual  address.  I  &m 
glad  to  see  that  the  leal  value  of  education  in  physical  adenoe  ie  now  ttpfoe- 
ciated ;  that  men*  IcnnwledpfP  of  scientific  facts  is  known  to  Ix*  :Tiportant 
compared  with  the  producti  on  of  certain  habits  of  thought  and  action  which  the 
methods  of  scientific  study  usually  produce. 

As  to  Englbh,  the  Committee  say :  *  They  have  no  hentalion  in  lniBSfin| 
that  a  knowli  dje  f>f  I  jijjlish,'  as  testM  by  corapojiitinn,  together  with  an  acquaint- 
ance with  the  main  facts  of  the  liistory  and  peograj)hy  of  the  British  Empire, 
ought  in  future  to  hold  the ^rst  place  in  the  examination  and  to  be  exacted  from 
all  candidates/  The  italics  are  mine.  It  win  he  noticed  that  they  say  noiiiing 
about  the  practical  impossibility  of  obtaininf^  teachers.  As  to  matheniatics,  tiw 
Committee  say:  *It  is  nf  almost  equal  importance  tJiat  every  officer  should  have 
a  thorough  grounding  in  the  elementary  part  of  mathematics.  But  they  thini^  that 
elementtf^  mechanics  and  geometrical  drawing,  which  mider  the  name  of  yueetieil 
geometry  IS  now  often  used  as  an  introduction  to  theoretical  instruction,  should  be 
added  to  this  part  of  the  examination,  so  as  to  ensure  that  at  this  stage  of  instruction 
the  practical  apphcation  of  mathematics  may  not  be  left  out  of  sight.'  As  Sir  Hugh 
Evans  would  have  said, '  It  ia  a  very  discretion  aaewer—tihe  meaning  ie  good hat 
I  would  that  the  Committee  had  condemned  abetnust  mathematioi  Ibr  theae  iznj 
candidates  altop  ther. 

This  report  appears  in  good  time.  It  would  be  well  if  Committees  would  sit 
and  take  evidence  as  to  the  education  of  men  in  the  other  profceiiona  entated  1^ 
our  average  boys.  It  is  likely  that  when  an  authoritative  report  is  prepared  on 
th»'  want  of  education  of  clergymen,  for  (  xnmple,  exactly  the  same  statements 
will  be  made  in  regard  to  the  general  education  which  ought  to  precede  tht: 
technical  training ;  but  perhaps  a  referrace  may  he  made  in  the  report  to  1S» 
importance  of  a  study  or  geology  and  biology  as  well  as  physical  sdeuce.  Think 
of  the  deigymen  being  able  to  meet  hie  scientific  enemies  m  the  gate! 

*  This  Ckimmittee  recommends  for  the  Woolwich  and  Sandhurst  candidates  a 
reform  thai  has  already  been  carried  out  by  Ixmdon  University.  No  dead  lan-uage 
is  to  be  compulsory,  but  unfortunately  some  lanpnafre  oth(>r  than  English  is  still  to 
be  compulsory.  Those  boys,  of  whom  there  are  so  many,  who  dislike  and  cannot 
learn  another  language  are  still  to  be  labelled  *  uneducated.*  Must  there,  then,  he 
national  defeat  and  captivity  before  our  chosen  race  gives  up  its  false  academic 
gods  2  We  think  of  education  in  the  most  slovenly  fashion.  The  very  men  who  say 
that  utaUif  is  of  no  importance  axe  the  men  who  insist  on  the  usefulness  of  a 
knowledge  of  French  or  German.  They  say  that  a  man  is  illiterate  if  he  knows  only 
English,  although  he  may  bo  familiar  with  all  English  literature  and  with  other 
literatures  through  translations.  The  man  who  has  passed  certain  examinations  in 
Ms  youth  and  never  caiee  to  read  anything  is  said  to  be  edu(»tod.  The  men  of  tfie 
city  of  the  Violet  Crown,  were  th^  Bot  educated}  And  did  they  know  aqy  ctiwr 
than  their  own  language  7 
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Thanks  mainly  to  the  efforts  of  a  British  Association  CoraraiUep,  ronlly  ^ood 
teaching  of  experimental  science  is  now  beings  introduced  into  nil  public  schools, 
in  spite  of  nio&t  persL>iLeui  uppo^iiion  wearing  an  appearance  uf  frieudlineds.  In 
conseqiieiieey  too,  of  the  appointment  of  a  British  Anoeiatioii  Oommittee  last 
year,  at  what  might  he  cnlh'fl  the  p^yrliological  moment,  a  grent  reform  has 
already  begun  in  the  teaching  of  mathematics.^  Even  iti  the  regulations  for  the 
Oxford  Locals  for  ItX)3  Euclid  is  repudiated.  It  seems  probable  that  at  the  end  of 
another  fire  yean  no  average  boy  of  fifteen  years  of  age  will  have  been  eonpelled 
to  attempt  any  abstract  reasoning  about  things  of  which  he  knows  nothing;  he 
will  be  versed  in  experimental  mathematics,  which  he  may  or  may  not  call  mensura- 
tion ;  be  will  use  uigarithms,  and  mere  multiplication  and  division  will  be  a  joy 
to  bUn;  h4  will  have  a  working  power  with  algebra  and  rinea  and  oonnee;  he 
will  be  aUe  to  tackle  at  once  any  curious  new  problem  which  can  be  solved  by 
squared  paper;  and  he  will  have  no  fear  of  the  symbols  of  the  infinitesimal 
calculus.  When  I  insist  that  a  boy  ought  to  be  able  to  compute,  this  is  the  sort 
of  eompatation  that  I  mean.  Five  years  iieooe  it  wOl  he  caUad  *  elementair  mathe- 
matics. Four  years  ago  it  was  an  unorthodox  subject  called  'practical  mathe* 
matics,'  but  it  is  establishinff  itself  in  every  polytechnic  and  tpchnical  college 
and  evening  or  day  science  scmool  in  the  country.  Several  times  I  have  been 
informed  that  on  atarttng  an  evening  daas,  when  plans  have  been  made  for  a 
possible  attendance  of  tea  or  twenty  students,  the  actual  attendance  has  been  300 
to  300,  Pupils  mny  come  for  one  or  two  niirlits  to  a  class  on  academic  mntlie- 
matics,  but  then  stay  away  for  ever ;  a  class  in  practical  mathematics  maintains 
its  large  numbers  to  the  end  of  the  winter.* 

Huherto  thi>  average  boy  has  been  tau<rht  mathematics  and  mschaniea  as  if  he 
were  going  to  be  a  Newton  or  a  Laplaee  ,  he  learnt  nothing  and  became  stu])id.  I 
am  sorry  to  say  that  the  teaching  of  mechanics  and  mechanical  engineering  through 
experiment  is  comparatively  unknown.  Oambridge  writers  and  other  writers  of 
liooln  on  experimental  mechanios  are  unfortunately  ignorant  of  engineering.  Un  i  v«>r- 
flity  courses  on  engineering — with  one  splendid  exception,  under  Profo^^sor  Ewing 
at  Cambridge — assume  that  undergraduates  are  taught  their  mechanics  fts  a  logical 
development  of  one  or  two  axioms  ;  whereas  in  many  technical  schools  under  the 
Science  and  Art  Department  apprentices  go  throng  a  wonderfully  good  laboratory 
course  in  mechanical  engineering.  We  really  want  to  give  only  a  few  fundamental 
ideas  about  momentum  and  the  transformations  of  energy  and  the  properties  of 
materials,  and  to  give  them  from  so  many  points  of  view  that  they  become  part  of 
a  students  mental  machinery,  so  that  he  uses  them  continually.  Instead  of  giving 
a  hundred  labour-saving  rules  wliich  must  be  forgotten,  we  ought  to  give  the  one 
or  two  ideas  which  b  man  d  common-sense  will  enable  him  to  apply  to  any  problem 
whatsoever  and  which  cannot  be  forgotten.  A  boy  of  good  mathematical  attain- 
ments  may  holld  on  tfaie  experimental  knowledge  anerwards  a  snpentnietnve 
more  elaborate  than  Ilankine  or  Kelvin  or  Maxwell  ever  dreamt  of  aa  bring 
possible.    Every  boy  will  build  some  superstructure  of  his  own. 

I  must  not  dwell  any  longer  on  the  .  three  essential  parts  of  a  good  general 
education  which  lead  to  the  three  powers  whkh  all  hoys  of  fifteen  ought  to 
possess;  power  to  use  books  and  to  enjoy  reading;  power  to  use  mathematics  and 
to  enjoy  its  use ;  power  to  study  Nature  sympathetically.  English  Board  School 
boys  who  go  to  evening  classes  in  many  technical  schools  after  they  become 
afpienticea  aie  really  obtaining  tiiis  kind  of  education.  The  Scotch  Edueatioa 
BmkI  ia  trying  to  give  it  to  all  ooys  in  primary  and  asccmdary  schools.  It  i^Ul^ 
I  fear,  be  some  time  befora  the  eons  of  well-to-do  parents  in  England  have  % 
chance  of  obtaining  it. 

When  a  boy  or  man  of  any  age  or  any  kind  of  exporienee  enters  an  engineering 

■  Discussion  last  year  and  report  of  Committee,  published  by  Macmillan. 

'  To  many  men  it  will  seem  abenrd  that  a  real  working  knowledge  of  what  is 

usually  called  higher  mathematics,  accompanied  by  mental  traininp,  can  bt^  given  to 
the  average  boy.  In  the  same  way  it  seemed  absurd  500  years  ago  that  power  to 
read  and  write  and  cipher  could  be  given  to  eveiybody.  These  general  beliefs  of 
onn  an  very  wondezfni. 
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eoUeg«  and  wiahai  to  learn  the  scientific  principles  underljiag^A  titdeor^pofaM^ 

how  ought  wo  to  teach  him  P    Here  is  the  reasonable  general  prinople  vlab 
Professors  Ayrton  and  Armstrong"  and  I  have  acted  upon,  and  which  hxs  m  ^irH 
ua  to  much  succej'S.    Whether  he  cornea  from  a  bad  or  a  good  scbo*  1,  whf tb-r  i* 
18  an  old  or  joung  boy  or  man,  approach  hia  int(41igence  through  the  kocivietigt 
and  ezperieiioe  he  already  poeeeHNea.   This  principle  iiiY^faa  that  we  ahall  mmi 
the  teacher  to  take  the  papil'a  point  of  view  ^  rather  than  tiie  pupil  the  teacWt; 
•    tfive  the  student  a  choice  of  many  din»ction8  in  which  he  may  etudr  :  \fi  l-rtar*** 
he  rather  to  instruct  the  student  bow  to  teach  himself  than  to  teach  him  ;  akjw 
the  student  how  to  learn  through  experiment,  and  how  to  use  books,  and^eiMt 
for  suggestion  and  help  whan  aaked  fhr,  kava  Urn  greatly  to  himadt  Va 
taaeher  understands  the  principle  he  will  have  no  dtffieoitj  in  carrying  it  out  with 
any  class  of  stiid«'nt9.    I  myself  prefer  to  have  students  of  very  different  qnaliSca- 
tions  and  experience  in  one  claas  because  of  the  education  that  each  gives  to  the* 
others.    Usually,  however,  except  in  evening  classes,  one  has  a  aet  of  boys  comia? 
from  mnoh  tfaa  aama  kind  of  aenool,  and,  although  perhaps  diSering  considerablr 
as  to  the  places  they  might  take  in  an  ordinary  examination,  r^tUj  allof  Baei 
the  aame  average  intelligence.    Perhaps  I  had  better  describe  how  tlm  pinciple 
cnrriof!  out  in  one  case — the  sons  of  weU*to-do  paranta  auch  as  now  loaTci  JEagliih 
schouis  at  about  Ut'teen  years  of  age. 

It  was  for  such  boys  that  the  courses  of  instruction  at  the  1  iiii»bury  Tedmical 
OoUege  (tha  City  and  Ooilda  <tf  London  Institnte)  wars  amingad  t«fBMa» 
yatia  ago.  It  was  attempted  to  supply  that  kind  of  training  which  ougiit  iuesJy 
to  have  been  given  at  school,  togetner  with  so  much  technical  trainin:r  a«  rai^ 
enable  a  boy  ut  the  end  of  a  two  years'  course  to  enter  any  kind  of  facrorv  wh-^n* 
applied  scieuce  was  important,  witL  an  observing  eye,  an  uuderstandiDg  braio,  sad 
a  n^y  shilful  hand.  The  ayatem,  in  ao  far  as  it  appliea  to  wioaa  kinds  «f 
machanical  enginee^in^^  will  be  foond  described  in  one  of  a  small  odbctiaB  sf 
essays  called  '  luitrland's  Neglect  of  Science,'  pp.  i'>7~(}7.^  I  am  sure  thst  tar 
engineer  who  reads  that  description  will  feel  satistied  that  it  was  the  very  best 
course  imaginable  for  the  average  boy  of  the  present  time.  A  boy  was  taught  bov 
he  must  twik  himself  after  ha  anterad  worin.  If  after  two  or  three  years  is  the 
worka  he  eared  to  go  for  a  year  or  so  to  one  of  the  greater  coU^gear  or  did  aot 
80  care,  it  was  assuuied  that  he  had  had  such  a  twiinSt^  as  woidd  enaUe  hia  la 
choose  the  course  which  was  really  the  best  for  him. 

Old  Finsbury  students  are  to  be  found  everywhere  in  important  jx^s.  The 
experiment  hai»  proved  so  successful  that  every  London  Polytechnic,  every  Muiu- 
eipalTtehnieal  School  in  the  ooontiy,  haa  adopted  the  system,  and  in  tha  pnsmt 
state  of  cor  schools  I  feel  sore  that  all  important  coUegea  ought  to  adopt  tha  { 
Finsbury  system.  It  hardly  seems  appropriate  to  apply  the  word  *  system  '  to  vbit 
was  so  plastic  and  uncrystaliised  and  liad  nothing  to  do  with  any  land  of  htaaL 

*  Usually  it  is  assumed  that  there  is  only  one  line  of  atady.   In  mathematio  it  i» 

assume^l  that  a  boy  has  the  knowledge  and  power  and  past  experience  ami  leisure  d 
an  Alexandrian  philosopher.  In  mechanics  we  assume  the  boy  to  be  fond  of  ahmaet 
reasoning,  that  he  is  a  good  geometrician  who  can  do  the  most  complex  things  is 
geometrical  conic?,  but  cannot  possibly  take  in  the  simplest  idea  of  the  calculus. 

'  The  ideas  in  this  Address  have  been  put  forward  many  times  by  Prof??.*' 
Ayrton  and  myself.     See  the  following,  among  other  publications  ;—A'Ak^fciiMr# 
iWeglect  of  Science  (Fisher  Unwin)  ;  Practical  Mechanics,  18S1  (Cajijsell) ;  ApfUi 
MeakaMct,  1897  (CasseU)  ;   The  Steam  En^n«,J^,  1898  (Macmillan);  T%0  Calcdrr 
for  Engineers,  1807  (Arnold);  Recent  Syllabuses  and  Examination  Paper?  of  ihc 
Science  and  Art  Department  in  Subjects  I.,  VIT.,  Vp,  a.nd  XXII.;  Summarr  J 
Lectures  on  Practical  Mathematics  (Board  of  Education) ;  The  Work  of  tlie  Cttj 
and  Qnilds  Central  Technical  College  {JourtuU     the  Soeietp  tf  ArU^  Jo|y  9^  V0t)\ 
Inaugural  Lecture  at  Finsbury,  1870 ;  Address  at  the  Coventry  Technical  Insti'^re, 
February  1^9H;  '  E'lucation  of  an  Electrical  Enj^ineer'  {Journal  of  the  Son<^y  »f 
Telegraph  Engineers  and  of  ElectridaiUt  September  1882);  Presidential  Address, 
Institotion  of  Xlentrical  Bngineera,  Janoaiy  1892;  'The  Beat  Kdwatkn  lor  sa 
Engineer  ^Naiwe),  Ootober  1S»  1899;  Addieaa  at  a  Diawingwioom  Vaetinf,  Ibnk 
18S7. 
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The  ^rofesson  were  gim  ft  free  litnd  at  Finslmry,  end  there  were  no  outside 

examiners.  I  need  not  dwell  upon  the  couri»e8  in  Cherai«try  and  Physics ;  some 
critirs  might  call  the  subjects  Hat  ion  a/  Chenn^try  and  Applied  Physics  ;  they  were 
as  diti'erent  from  all  other  courses  of  study  in  these  subjects  a^^  the  courses  on 
Bational  Mathematics  and  Mechantes  differed  from  all  courses  elsewhere.  The  course 
on  Mechanics  was  really  one  on  Mechanical  Kngineerin^^.  There  were  woriishops  in 
wood  and  iron,  not  to  teach  trades,  but  rather  to  teach  hoys  the  pmportu  sof 
materials.  There  were  a  steam-engine  and  a  gas-engine,  and  shafting  and  geariog 
of  many  kitfSs,  and  dynamos  which  advanced  students  in  turn  were  allowed  to 
look  after  under  competent  men.  There  was  no  machine  which  might  not  he 
experimented  with  occn?  ion  ally.  Elementary  and  advanced  course?  of  lectures 
were  given ;  there  was  an  elaborate  system  of  tutorial  classes,  where  numerical 
and  squared  paper  exercise  woric  was  done;  there  were  classes  in  expwimental 
^ne  and  solid  geometry,  including  much  graphical  calculation  ;  hoys  were  taught 
to  make  drawing-office  drawing's  in  pencil  only,  and  tracings  and  bin"  print?,  such 
as  would  bo  respected  in  the  workshop,  and  not  the  ordinary  drawing-class 
drawings,  which  cannot  be  respected  anywhere ;  hut  the  most  important  part  of 
the  training  was  in  the  Laboratory,  in  wliich  every  student  worked,  making 
quantitative  experiments.  An  ofl'er  of  a  100-ton  tostin'j-machine  for  that  laboratory 
was  made  but  refused ;  the  advanced  students  usually  had  one  opportunity 
given  them  of  testing  with  a  large  machine,  but  not  in  their  own  laboratory.  I 
consider  that  there  is  very  little  educational  value  in  such  a  machine  ;  the  student 
thinks  of  tho  prent  machine,'  and  not  of  tlie  tiny  specimen.  .Junior  students 
loaded  wires  and  beams,  or  twisted  things  with  very  visible  weights,  and  saw 
exactly  what  wai*  happening,  or  they  studied  vibrating  bodies.  Many  hours  were 
devoted  to  experiments  on  a  Vattered,  rustv  old  screw-jack,  or  some  other  liftingi- 
machino,  lis  efficiency  under  many  kinds  of  load  being  delennined,  and  student^^ 
studied  tlieir  obst  rvations  using  squared  paper,  as  intently  as  if  nobody  had  ever 
made  such  experiments  before.  There  was  one  piece  of  apparatus,  an  old  fly-wheel 
lio^ht  at  a  rag-and-hone  shop,  to  which  kinetic  energy  was  given  by  a  falling 
weiffht,  which,  I  remember,  occupied  the  attention  of  four  white-headed  directors 
of  Electric  Companips  in  1882  (eveninpr  students)  for  many  weeks.  A  casual  first 
measurement  led  on  to  corrections  for  friction  and  stifl'ness  of  a  cord,  and  much  else 
of  a  most  interssting  kind.  At  the  end  of  tax  weeks  these  gnitlranen  bad  gained 
ft  most  thorough  computational  acquaintance  with  every  important  principle  of 
mechanics,  a  knowledpe  never  to  be  forgotten.  They  had  also  had  a  revelation 
such  as  comes  to  the  true  experimenter — but  that  is  too  deep  a  subject. 

Pbriiaps  teachers  in  the  greater  colleges  will  ennle  in  a  superior  way  when 
they  hear  of  this  kind  of  experimental  mechanics  being  called  engineering'labora- 
tory  work.  True,  it  was  elementary  mechanica ;  but  is  not  every  principle  which 
every  engineer  constantly  needs  called  a  mere  elementary  principle  of  mechanics 
hy  superior  persons  f  I  find  that  these  elementary  principles  are  very  much 

>  These  great  testing-machines,  so  common  in  the  larger  colleges,  seem  to  have 
disstroyed  all  idea  of  soientiae  experiment  There  is  so  much  that  the  engineer 

wants  to  know,  and  yet  laboratory  people  are  persistently  and  lazily  repeating  old 
work  suggested  and  begun  by  engineeis  of  sixty  years  ago.  For  example,  men  like 
Fairbairn  and  Robert  Napier  would  long  ago  have  found  out  the  behaviour  of 
materials  under  combined  stresses.  We  do  not  even  know  the  condition  of  strength 
of  iron  or  steel  in  a  twisted  shaft  which  is  also  a  beam.  The  theory  of  strength  of 
a  gun  or  thick  tube  under  hydraulic  pressure  is  no  clearer  now  than  it  was  fifty  years 
asjo.  The  engineer  asks  for  actual  infofmation  derived  from  actual  trial,  and  we  offer 
mm  the  *c<iuld  kail  bet  again'  stuff  falsely  called  '  theoretical,*  which  is  found  in 
all  the  text-books  (my  own  among  others).  These  great  colleges  of  university  rank 
ought  to  recognise  that  It  Is  thefar  duty  to  incrcMse  knowledge  through  the  work  of 
their  advanced  stadents.  The  duty  Is  not  neglected  in  the  electrical  departments 
of  some  of  the  colleges.  Perhaps  the  raopt  instnictive  reference  is  to  the  work  done 
at  the  Central  Technical  College  of  the  City  and  Guilds  Institute  at  South  Kensington, 
as  described  fay  Professor  Ayrton  in  some  of  the  papers  already  referred  to.  I  oanaot 
imagine  a  better  development  Of  the  Finihuxy  idea  in  the  work  of  the  blgbMt  kind 
of  Kngineering  College. 
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unknown  to  men  who  have  passed  tbroujrh  elaborate  mathematical  studies  of 
mechanics.  Students  found  out  in  that  laboratory  the  worth  of  formulae ;  thev 
gained  eoan^  In  makiiig  calciilatioiii  ftom  iomm,  tat  thBj  bad  found  ont  the 
extent  of  tlMir  own  ignorance  and  knowledga. 

I  have  never  appro?ed  of  elaborate  steam-enpinea  got  up  for  j-tud-  nt-*  labora- 
tocy  exerci^wurk.   A  professor  who  had  devoted  much  thought  for  a  vear  to  the 
eoottrttction  of  such  a  foar-cjlinder  on-line  ahowed  a  friend  how  any  one  or  any 
two  or  any  three  or  all  fi>ur  cylinders,  with  or  without  jacketing,  could  be  uaad  m 
all  sorts  of  ways.    The  friend  vt  ntiired  to  say  :  *  This  engine  will  be  usiad  iu5t  oneo 
and  never  after/   The  professor  was  angry,  but  his  friend  proved  to  be  right .  The 
profetaor  «ade  ezperimenta  with  it  onoa  himtelf  with  a  tew  good  students    L  n- 
Ibfftnnaftely  it  wa^  not  a  anffidantlyalaboimta  inTastigation  for  puhlicatioa  Aftaw- 
wards  he  never  had  time  jH>r>ionally  to  superintend  such  work  ;  his  assistants  wan 
busy  at  other  things ;  his  students  could  not  be  trusted  with  the  engine  by  theoH 
selves,  and  to  this  day  it  stands  in  the  laboratory  a  beautiful  but  useless  pteoe  of 
apparatus.   At  Finsbury  there  waa  anazcellent  one-e^inder  engine  with  Taporidag 
condenser.    It  drovf  ihe  workshops  and  elertric  generators.    On  a  field-day  it 
(Inn  o  an  electric  generator  only,  and  perhaps  thirty  students  rnaJe  mea.^uromenti'. 
Each  uf  them  had  already  acted  as  stoker  and  engine-driver,  as  oiler  aud  teat«r  of 
Cfaa  machinery,  lighting  fires,  taking  indicator  diagrams,  weighing  ooala,  opening  and 
clo«inrr  cocks  from  seven  in  the  morning  to  ten  at  nijjlit.  so  that  everything  waa 
well  known  to  him.   They  maintained  three  different  steady  loads  for  trials  of  three 
hours  each.    They  divided  into  groups,  one  from  each  group  ceasing  to  take  a 
partioolar  kind  of  ohaBrvation  every  ten  minntaa  and  ramoring  to  another  joK  AH 
watches  were  made  to  agree,  and  each  student  noted  the  time  of  each  obeervatioil. 
These  ob^rvations  were: — Taking  indicator  (iia^rrams,  checking  the  speed  indici'-'T, 
taking  temperature  of  feed-water,  quantity  oi  feed  by  meter  (the  meter  had  been 
caiefully  checked  by  gauge-notch,  and  ofcry  other  inatnunent  nnd  bj  as  had 
been  tested  weeks  before),  taking  the  actual  horse-power  passing  thfoogli  a 
dynamometer  c<Miplin[r  on  the  sliaft,  taking  boiler  and  valve-chest  preesiirt**  and 
Tacuum  pressures  on  the  roof  and  in  the  engme-room,  weighing  coals  (the  caioritic 
falne  had  already  been  tested]^,  taking  the  hone-powar  givan  ont  hgr  the  dynamo, 
counting  the  electric  lamps  in  use,  and  so  on.   Each  student  was  well  prepaiad 
beforehand.    During  the  next  week  he  reduced  his  own  observations,  and  some  of 
the  results  were  gathered  on  one  great  table.   One  lesson  that  this  taught  could 
atfar  ha  forgotten— how  the  ener^  of  one  pound  of  ooal  was  disposed  of.  So 
much  np  the  chimney  or  by  radiation  from  boilar  or  steam-jacket  and  pipes ;  m 
condensation  in  the  cylinder;  to  the  condenser;  in  engine  friction;  in  shift 
friction,  &c.   I  cannot  imagine  a  more  important  lesson  to  a  young  engineer  thxn 
this  one  taught  through  a  common  working  engine.  The  students  had  the  same 
sort  of  experience  with  a  gas-engine.    I  need  hardly  say  how  important  it  was  that 
the  Professor  himself  should  take  charge  of  the  whole  work  leading  np  to,  dmaag, 
and  after  such  a  field-day. 

The  difficulty  about  all  laboratory  exercise  work  worth  the  name  is  tliat  of 
finding  demonstrators  and  assistants  who  are  wise  Mid  aneigetie.  Thio^i 
foolishness  aud  hi/iiiess  the  most  beautiful  system  becomes  an  unmeaning  routine, 
and  the  more  smoothly  it  works  the  less  educational  it  is.  In  Encrland  just  now 
the  curse  of  all  education  is  the  small  amount  of  money  available  for  the  wages 
of  teachers— jnst  enough  to  attract  mediocre  men.  I  have  been  toUt,  ud  I  can 
easily  ima^e,  that  .ouch  men  have  one  talent  over-developed,  the  talent  for 
making  their  job  softer  and  softer,  until  at  length  they  just  sit  at  a  table,  main- 
taining discipline  merely  by  their  presence,  answering  the  (questions  of  such 
etndento  aa  are  eameat  enough  to  come  and  worry  them.  In  saeh  eaaea  it  la 
absolutely  necessary  to  periodically  upset  their  clockwork  arrange  men  ta.  Ahtt 
such  an  artificial  earthquake  one  mij/ht  be  reminded  of  wliut  occurred  at  the  pool 
of  ikithesda,  whose  waters  had  their  healing  property  restored  when  the  angel 
oama  down  and  troubled  lliem.  Bnt  iat  a  permanently  good  afrugement  them 
ought  to  be  very  much  hip-her  wages  all  round  in  the  teacning  profession. 

No  kind  of  ' engineering  has  developed  so  rapidly  as  the  ekotricaL  Wbj^ 
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it  was  at  the  meetlDg  lipre  in  Belfast  twenty-eight  years  ago  (I  remember, 
for  I  wns  a  Secretary  of  Section  A  that  year,  and  took  tliP  mnclune  to  pieces 
afterwards  in  Lord  Kelvins  laboratory)  that  there  wa^  exhibited  for  the  tirst 
tiflM  in  tbew  isUuids  a  •mall  CIramme  machine.  This  handmaid  of  all  kinds  of 
engineering  is  now  so  important  that  every  ynun;r  enfjinccr  mny  bo  called  un- 
educated who  bos  not  had  a  training  in  that  kind  of  mechanical  cnpinpt  ring 
which  is  called  electrical  engineering.  Professor  Ayrton's  laboratory  at  liusbury 
if  the  model  ooi^ed  bj  every  other  electrioal  engineering  laboratory  in  the  world. 
He  and  1  had  tne  same  notions ;  we  bad  both  been  students  of  Lord  Kelvin  ;  we 
had  worked  together  in  Japan  since  1S76;  but  w  hereas  I  was  trying  to  make 
my  system  of  teaching  mechuuical  engineering  replace  an  existing  system,  or  want 
of  system,  there  was  no  existing  system  for  his  to  replace.  Thus  it  will  he  found 
that  in  every  electrical  engineering  laboratory  the  elementary  principles  are  made 
part  of  a  pupil's  mental  machinery  by  many  quantitative  experiments,  and  nobody 
suggests  that  it  is  mere  elementary  physics  which  is  being  taught — a  suggestion 
often  enough  made  about  the  work  in  my  mechanical  labontory.  When  stndeota 
know  these  elementary  pdndiplcs  well,  they  can  apply  their  mathematics  to  the 
subject.  As  they  advance  in  knowledge  they  are  allowed  to  find  out  by  their 
own  experiments  how  their  simple  theories  must  be  made  more  complex  in  real 
machines.  TMtt  study  may  be  very  complete,  but,  howeyer  much  mathematics 
and  graphical  calculation  may  come  in,  their  designs  of  electrical  machinery  are 
really  based  upon  the  knowledge  aoqiured  by  them  in  theelectrical  and  merhanicsl 
laboratories. 

The  electrical  engineer  has  an  enormous  advantage  owt  other  engineers; 
everything  lends  itself  to  exact  calculation,  and  a  completed  machine  or  any  of 

its  partfl  may  he  submitted  to  the  most  searching  electrical  and  magnetic  tests, 
since  these  tests,  unlike  those  applied  by  other  enc-ineers,  do  not  destroy  the 
body  tested.  But  for  this  yery  reason,  as  a  finiuied  product,  the  electrical 
engineer  cannot  have  that  training  in  the  exercise  of  his  judgment  in  actual 

f Tactical  work  after  he  leaves  a  college  that  some  other  engineers  mtist  have, 
n  tunnelling,  earthwork,  and  building,  in  making  railways  and  canals,  the 
engineer  is  supremely  dependent  on  the  natural  conditions  provided  for  him,  and 
these  conditions  are  never  twice  the  same.  There  are  no  ample  laws  known  to 
us  about  the  way  in  which  sea  and  river  currents  will  act  upon  j^and  and  prravel, 
and  engineers  who  have  had  to  do  with  such  problems  are  continually  a])])ealiog  to 
Nature,  contmually  making  observations  and  bringing  to  bear  upon  their  work 
all  the  knowledge  and  habits  of  thought  that  all  their  past  experience  has  given 
them.  1  do  not  know  that  there  is  any  job  whicli  a  good  teacher  would  have 
greater  plea-sure  in  undertaking  than  th^  arran<?ement  of  a  laboratory  in  which 
students  might  study  for  themselves  such  problems  as  come  before  railway,  canal, 
river,  harbour  and  ooast-proteelion  engineers ;  there  is  no  such  laboratory  in 
existence  at  the  present  time,  and  in  any  case  it  could  only  be  of  use  in  the 
way  of  mere  suggestion  to  an  engineer  who  had  already  a  good  knowledge  of  hia 
profession. 

It  was  a  curious  illustration  of  mental  inertia  that  the  usual  engineeting 

visitor,  even  if  he  was  a  professor  of  engineering,  always  seemed  to  suppose 
that  the  work  done  at  Finsbury  was  the  same  as  that  done  in  all  the  irreat 
engineering  colleges.  As  a  matter  of  fact  no  subject  was  taught  there  in  the  same 
manner  as  it  was  taught  elsewhere.^ 

Alost  of  the  students  were  preparing  for  electri(^  or  mechanical  engineering, 
and  therefore  we  thought  it  important  that  nearly  every  professor  or  demonstrator 
or  teacher  should  be  an  engineer.  I  know  of  nothing  worse  than  that  an  engineer- 
ing atndeal  shodd  be  tau|rht  mathematice  or  physics  or  chemistry  by  men  who 
ate  ignofant  of  engineenog,  and  yet  nothing  is  more  common  in  ooUoges  of 

'  It  is  really  ludicrous  to  see  how  all  preachers  on  technical  education  are 
snpposed  by  non-thinking  people  to  hold  the  same  doctrine.  The  people  asking  for 
monn  in  education  differ  from  one  another  more  than  Biasmus  and  Luther,  and 
John  of  L^yden  and  KnippeidoUng. 
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applied  adence.^   The  utoal  ooureee  an  otlj  milaUe  for  men  Tvbo  are  preparing^ 

to  h»»  rnore  mathematicinns,  or  mere  phypiriPt?;,  or  mere  chemists.  Each  subject 
is  taken  up  in  a  stereotyped  way,  and  it  i:^  thought  quite  natural  that  in  one  jre«r 
m  ftndent  shall  haye  oniV  n  moet  e1«Bcaitarj  knowledge  of  what  Is  to  the  teiclMr 
fDch  a  <rn  at  subject,  fhe  young  engineer  never  reaches  the  advanced  parts 
■wbtr)i  might  be  of  n«?o  to  hira  ;  he  is  not  sufficiently  grounded  in  general 
principles;  bis  whole  course  is  only  a  preliminary  course  to  a  more  advanced 
one  whicb  there  is  no  intention  of  allowing  him  to  puisne,  and,  not  heing  quite 
a  fool,  he  eoon  sees  how  uaelew  the  thmg  ia  to  Un.  The  Professor  of 
Chemistry  ought  to  know  that  until  a  young  engineer  can  calculate  exactly  by 
means  of  a  principle,  that  principle  is  really  unimown  to  him.  For  example, 
take  the  equation  supposed  to  he  known  so  well, 

211, +  0a- 211^0. 

It  if  never  undprptood  by  the  ordinaiT  elementary  chemical  student  who  writes 
it  down  so  readilp".  Every  one  of  the  six  cunning  ways  in  which  that  equation 
OTOTeya  information  ought  to  he  as  familiar  to  the  young  engineer  as  tlu  y  are,  or 
ought  to  he,  to  the  mo^t  specialised  chemist  Without  this  he  cannot  compute  ia 
connection  with  combuetion  in  gas  nnd  oil  »>T)gines  and  in  furnaces.  But  I  have 
no  time  to  dwell  on  the  importance  of  this  kind  of  exact  knowledge  in  the  educa- 
tion of  an  engmeer. 

ICathematics  and  physics  and  chemistry  are  uansUy  taugh  in  watertight  com- 
partments, afl  if  they  hnd  no  connection  with  one  another.    In  an  engineering 
college  this  is  particularlv  bad.    Every  subject  ought  to  be  taught  through  illu«- 
tvatioos  ftom  the  professional  work  in  whidi  a  student  is  to  w  engaged.  An 
engioeer  has  been  wasting  his  time  if  he  is  ahle  to  answer  the  questions  of  an 
Cidinary  examination  paper  in  chemistry  or  pure  mntheraatic^.    The  usual  mathe- 
matical teacher  thinks  most  of  thofie  very  parts  of  mathematics  which  to  an  ordinary 
man  who  wants  to  itse  mathematics  are  quite  valueless,  and  those  parts  which 
would  he  altogether  useful  and  easy  enough  to  understand  he  never  reaches  ;  and 
as  I  have  said,  so  it  is  also  in  chomi>try.    Luckily,  the  phyjiics  professor  has 
usually  some  small  knowledge  of  engineering ;  at  all  events  he  respects  it.  When 
the  piire  mathematician  is  compelled  to  leave  the  logical  sequence  which  he  loves 
to  teach  mechanics,  he  is  apt  scornfully  to  do  what  gives  him  least  trouble ;  namalyf 
to  give  ns  'nipchanics*  that  disguised  pure  mathematics  which  forms  ninety  per 
c»  nt.  of  the  pretence  of  theory  to  be  found  in  so  many  French  and  (rerman  books 
on  machinery.    As  pure  mathematical  exercise  work  it  is  even  meaner  than  the 
stufnid  exorcises  in  schod  algehras ;  as  pretended  engineering  it  does  mndi  hsrai 
because  n.  student  dnc?  not  find  out  its  futility  until  after  he  has  gone  through  it, 
and  his  fntliusiasni  lor  mathematics  apuVu-d  to  engineering  problems  is  piToiauently 
hurt.    But  how  is  a  poor  mathematical  professor  who  dislikes  engiucermg,  feeling 
like  Pegasus  harnessed  to  a  common  waggon — ^how  is  he  to  distinguish  (pood  finom 
evil  ?    lie  fails  to  8ee  how  worthless  are  some  of  the  books  on  '  Tiieoretical 
Mechanics  '  written  by  mathematical  coaches  to  enable  students  to  pass  examma- 
lions.   An  engineer  teaching  mathematics  would  avoid  all  futilities;  he  would 
base  his  Toasoning  on  that  exjierimeiital  knowledge  already  possessed  hy  a  student; ' 
he  would  know  that  the  finished  engineer  cannot  hope  to  remember  anything 
except  a  few  general  principles,  but  that  he  ought  to  be  able  to  apply  the^e, 
clumsily  or  not,  to  the  solution  of  any  problem  whatsoever.   Of  course  he  would 
encourage  some  of  his  pupils  to  take  upThomsoo  and  Tai^  or  Bayleigh'a  *  Soand,' 
or  some  other  claMica}  treatise  as  an  oidTaaGed  study.* 

'  At  the  most  important  colleges  the  usual  professor  or  tutor  ia  often  ignorant  of  all 
subjects  except  his  own,  and  be  generally  seems  rather  proud  of  this ;  bat  sorely  in 
such  a  case  a  man  cannot  be  said  to  know  even  his  own  subject. 

'  One  sometimes  finds  a  good  mathemutician  brought  up  on  academic  lines 
taking  to  engineering  problems.  But  he  is  usually  sUile  and  unwilling  to  go 
thoroughly  into  these  practical  matters,  and  what  be  publishes  is  particularly  harm* 
fal,  because  it  has  sooh  an  honest  apiieanince.  mien  we  do  get,  once  In  forty 
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Not  only  do  I  think  that  every  teacher  in  an  engineering collej^  ought  to  have 
some  acquaintance  with  engineering,  but  it  seems  to  me  equally  important  to 
•How  a  piofenor  of  engineering,  who  ought,  ahotre  all  things,  to  he  a  pnetioal 
engineer,  to  keep  in  touch  with  his  profeesion.  A  man  who  is  not  competing  with 
other  engineers  in  practical  work  very  quickly  becomes  antiquated  in  his  know- 
!*'<ltre:  the  designing  work  in  his  drawing-office  is  altogether  out  of  date;  he 
lectures  about  old  ditliculties  which  are  troubles  no  longer;  his  pupils  have  no 
enthusiasm  in  their  work  because  it  is  merely  academic  and  liieless ;  even  when 
be  is  a  man  distinguiabed  for  important  work  in  the  paat  hie  atudents  have  that 
kind  of  disrespect  for  his  teaching  which  makes  it  useless  to  them.  If  there  ia 
tVar  that  too  much  well-paid  professional  work  will  prevent  efficiency  in  teaduiq^ 
there  is  no  great  difficulty  in  applying  a  remedy. 

One  most  important  fact  to  be  borne  Ln  mind  is  that  effideut  teachers  cannot 
be  obtained  at  such  poor  salaries  as  are  now  given.  An  efficient  labourer  is  worthy 
of  his  hire ;  an  inefficient  labourer  is  not  worthy  of  any  hire,  however  6malL 
Again,  there  is  a  necessity  for  three  times  as  many  teachers  ai?  are  usually  pro- 
nded  in  England.  The  average  man  is  in  future  to  be  really  educated.  This 
means  very  much  more  personal  attention,  and  from  thoughtful  teachers.  Is 
Esgtand  prepared  to  face  the  problem  of  teehnieal  education  in  the  only  way  which 
can  lead  to  sueeess,  prepared  to  pay  a  proper  price  for  the  real  artiole  f  If  not» 
she  must  be  prepared  to  see  the  average  man  remaining  uneducated. 

Advocacy  of  teaching  of  the  kind  that  was  given  at  Finj^bury  in  often  met  by 
the  opposition  not  only  of  pure  mathematicians  and  academic  teachers,  but  I  am 
sorry  to  say  also  of  engineers.  The  average  engineer  not  merely  looks  askance  at, 
be  IS  really  opposed  to  the  oollege  training  of  engineers,  and  I  thinly  on  the 
wholes  that  he  has  much  justification  for  his  views.  University  degrees  in 
engineering  science  are  often  conferred  upon  students  who  follow  an  academic 
course,  in  which  they  learn  little  except  how  to  pass  examinations.  The  graduate 
ot  to-day,  even,  does  not  often  possess  the  three  powers  to  which  1  have  referred. 
He  is  not  fond  of  reading,  and  therefore  he  has  no  imagination,  and  the  idea  of  an 
engineer  without  imagioation  is  as  absurd  as  Teufelsdroch's  notion  of  a  cast-iron 
king.  Ife  rnnnnt  really  compute,  in  spite  of  all  his  mathematics,  and  he  is  absurdly 
innocent  of  the  methods  of  the  true  student  of  Nature.  This  kind  of  labelled 
ficieutihc  engineer  is  being  manufactured  now  in  bulk  becaube  there  is  a  money 
vilne  attached  to  a  degree.  He  is  not  an  engioeer  in  any  sense  of  the  word,  and 
does  not  care  for  engineering,  hut  he  sometimes  gets  employment  in  technical 
colleges.  He  is  said  to  teach  when  he  is  really  only  impressing  upon  deluded 
pupils  the  importance  of  formula?,  and  that  whatever  is  printed  in  books  must,  be 
true.  The  real  young  engineer,  caught  in  this  eddy,  will  no  doubt  tind  his  way 
out  of  it.  for  the  healthy  experience  of  the  workshop  will  bring  back  his  common- 
asnae.  For  the  average  pupil  q{  such  graduates  there  is  no  help.  If  ho  enters 
works,  he  knows  but  tittle  more  than  if  he  had  gone  direct  from  school.  He  la 
still  without  the  three  qualifications  which  are  absolutely  necessary  for  a  young 
engineer,  lie  is  fairly  certain  to  Ik*  a  nuisance  in  the  works  and  to  try  another 
profession  at  the  end  of  his  pupilage.  But  if  it  is  his  fathers  business  he  can 
Bike  a  show  of  Imowing  something  about  it,  and  he  is  usuallr  called  an  engineer. 

Standardisation  in  an  industry  usually  means  easier  ana  cheaper  and  better 
manufacture,  and  a  certain  amount  of  it  must  be  good  even  in  engineering,  but 
when  we  see  a  great  deal  of  it  we  know  that  in  that  industry  the  true  »'n^ineer 
is  dishked,    I  consider  that  in  the  schola^^tic  industry  there  has  been  far  too  much 

years,  a  mathematician  (Osborne  Reynolds  or  Dr.  Hrpkin?;on)  who  has  common- 
sense  notions  about  engineering^  thing.s,  or  a  fairly  gcKxt  engineer  (It;uikine  or  Janies 
Thomson)  who  has  a  common-sense  command  of  mathematics,  we  have  men  who 
receive  the  greatest  admiration  from  tbe  engineering  profession,  and  yet  it  seems 
to  me  that  quite  half  of  all  the  students  leaving;  our  technical  colleges  ought  to  be 
able  to  exercise  these  combined  powers  if  mathematics  were  sensibly  taught 
io  school  and  college.  We  certainly  have  had  enough  u£  good  mathematicians 
meddling  with  engiiMeilng  theory  and  of  engiueeis  with  no  mathematios  wasting 
their  tima  in  tiyiqg  to  add  to  our  knowledge. 
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standardisation.  Gymnasien  and  polytechnic  Bvstems  are  standardised  in  Ger- 
maaj,  and  there  is  a  tendency  to  import  tbem  into  £ngland ;  but  in  my  opinion 
we  are  very  far  indeed  from  knowing-  Rnv  system  which  desprree  to  be  standard- 
ised, and  the  worst  vre  can  copy  is  w])at  we  find  now  in  Germany  and  Switzer- 
land. What  we  mu8t  strive  for  is  the  discovery  of  a  British  system  suiting  the 
Britith  boy  and  mtn.  The  Enflieh  boy  may  be  called  stapid  to  often  that  be 
artually  Wlioves  himself  to  be  stupid  :  but  of  one  thing  we  may  be  sure,  he  will 
find  in  some  way  or  other  an  escape  from  the  stupef^ing^  kind  of  school  work  to 
which  the  German  boy  submita.  And  if  it  were  possible  to  make  the  average 
English  boy  of  niiieleeii  pataaudi  a  ttlly  adiool-leaTiog  examtnatioB  aatbe  GeroMB 
boy,^  and  to  pass  through  a  polytechnic,  I  am  quite  sure  that  there  would  be  little 
employment  among  common-sense  English  engineers  for  such  a  manufactured 
article.  But  is  it  possible  that  British  boys  could  be  manufactured  into  such 
obedient  aoademie  maebinee,  without  tnitiativa  or  ioTeotioii  or  iadiTidnality,  by 
teachers  who  are  none  of  tbem  engineers  P  N0|  we  must  have  a  British  system 
of  education.  We  cannot  go  on  much  longer  as  we  have  done  in  the  past  without 
engineering  education,  and,  furthermore,  it  must  be  such  as  to  commend  itself  to 
emidoyen.  Of  mj  Fioabiny  stodents  I  think  I  may  say  that  not  one  faaled  to 
get  into  works  on  a  two  or  three  years'  engagement^  leeeiving  some  Tety  small 
wage  from  the  be^nning,  and  wirliont  paying  a  premium.  To  obtain  puch  em- 
ployment was  obviously  one  test  of  htness  to  be  an  engineer,  because  experienced 
men  thought  it  impossible.  One  test  of  the  ayalMi  waa  greater  eaae  with 
which  new  men  obtained  employment  in  shops  which  had  already  taken  some  of 
our  students.  It  is  certainly  verj'  difficult  to  convince  an  employer  that  a  coJlesr? 
man  will  not  be  a  nuisance  in  tLe  shops.  Jn  Germany  and  France,  and  to  a  leas 
extent  in  America,  there  is  among  employers  a  belief  in  Um  Talne  of  technicsl 
education.  In  England  there  is  still  complete  unbelief.  I  have  known  the  sub- 
scribers of  money  to  a  large  technical  college  in  England  (the  members  of  its 
governing  board)  to  laugh,  all  of  them,  at  the  idea  that  the  college  could  be  of  any 
possible  benefit  to  the  industries  of  the  town.  They  subscribed  oecause  just  thsn 
there  waa  a  ORaie  in  technical  educatitm  doe  to  a  reoent  panic.  They  weie 
ignorant  masters  of  works  (son:*  of  the  men  who  had  created  the  works),  ignorant 
administrators  of  the  college  affairs,  and  ignorant  critics  of  their  misraanaired 
college.  I  feel  sure  that  if  the  true  meaning  of  technical  education  were  under- 
stood, it  would  commend  itself  to  Englishmen.  Teehnica]  education  ia  an  edoea* 
tion  in  the  scientific  and  artistic  principles  wLicIi  pnverii  the  ordinary  oporntions 
in  any  industry.  It  is  neither  a  science,  nor  an  art,  nor  the  teachiug  of  a  Imnf^i- 
craft.  It  is  that  without  which  a  master  is  an  unskilled  master ;  a  foreman  an 
QBsldUed  foreman ;  a  workman  an  nnsktlled  workman ;  and  a  clerk  or  hrmm  aa 
unskilled  clerk  or  farmer.  The  crv  for  technical  education  ia  aimply  a  ptoleat 
against  the  existenoe  of  uaskilled  labour  of  all  kinds.^ 

*  The  following  is,  I  understand,  a  stock  qneatlon  at  certain  gymnasien :  •  Write 
out  all  the  trigonometrical  formula;  you  know.*  I  aaked  my  young  informant,  * 
how  many  did  you  write  7 '  •  Sixty-two '  was  the  answer.  This  young  man  informed 
me  that  a  boy  could  not  pass  this  examination  unless  be  knew  '  all  algebra  and  aii 
trigonometry  and  aU  aolenoe.*  Strnosbnrg  gsoas  used  to  be  fed  in  FTanee ;  now  tiwy 
are  fed  In  Germany.  German  education  seems  to  be  like  smothering  n  fln  with  toe 
mncb  fuel  or  wet  slack  which  baa  the  appeacaaoe  of  f ueL 

"  I  have  pdnted  oat  how  natural  it  ia  thai  bnsineas  men  ahonld  feel  aoaaewhat 
antagonistic  to  college  training.  Poorly  paid  nnpractlcal  teachers,  with  no  ideas  of 
their  own,  have  in  the  past  taught  in  the  very  stupidest  way.  They  have  called 
themselves  'scientific'  and  'theoretical  till  these  words  stink  in  the  nostrils  of  an 
engineer.  When  I  was  an  apprmtice,  and  no  doubt  it  is  much  the  same  now,  if  an 
apprentice  was  a  poor  workman  with  his  hands  he  often  took  to  some  kind  of  study 
which  be  called  the  science  of  his  trade.  And  in  this  vay  a  pawkiness  for  bcieoce 
got  to  be  ^e  sign  of  a  bad  workman.  But  If  workmen  were  so  taught  at  sdMol  that 
they  all  really  knew  a  little  physical  science,  it  would  no  longer  be  laughed  at. 
When  a  civil  or  electrical  engineer  is  unsuccessful  because  he  has  no  business  habits, 
he  takes  to  calculation  and  the  reading  of  so-called  scientific  books,  because  it  is 
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To  hftve  any  good  general  system  the  employers  must  co-operate.    Much  of  the 
traimog  is  workshop  practicei  and  it  caxmot  be  too  often  said  that  this  is  not  to  be 

S'ten  in  anj  eoll^.  The  worirsbqp  in  r  0(rileg«  serves  a  quite  dlffenntpurposs. 
aw  haw  may  the  practice  best  be  givoiP  I  must  say  that  I  like  the  !Finsboi^ 
plan  very  much  indeed,  but  there  are  others.  When  I  attended  this  college  m 
winter  I  was  allowed  to  work  in  the  Lagan  Foundry  in  summer.  In  Japan  the 
adTiaesd  students  did  the  seme  thing ;  th^  hsd  their  ivinter  oonnes  »t  the  oollege, 
and  the  summer  wns  spent  in  the  laige  Goveniment  worhshope;  the  system 
irorked  very  well  indeed.'  In  Germany  recently  the  crreat  unions  of  manufactureES 
made  facilities  for  giving  a  year  of  real  factory  work  to  the  polytechnic  studentSf 
but  it  seems  to  me  that  these  men  are  much  too  old  for  entrance  to  worlu,  and^ 
iMsideSya  year  is  too  short  a  time  if  the  finished  product  is  to  call  itself  a  rsal 
engineer.  Possibly  the  British  solution  may  be  quite  different  from  any  of  these. 
A  boy  may  enter  works  at  fourteen  on  leaving  a  primary  school  or  not  later  than 
sixteen  on  leaving  a  secondary  school.  In  either  case  he  must  have  the  three 
powers  to  whiefa  I  hare  alieady  refened  so  often.  It  will  be  recognised  as  the 
duty  of  the  owners  of  works  to  provide,  either  in  ov.v  lar^^e  worlts  or  near  several 
works,  in  a  well-equipped  school  tbllowinp'  the  P'insbury  principle,  all  that  training 
in  the  principles  underlying  the  trade  or  profession  which  is  necessary  for  the 
eo^neer. 

No  right-tliinliingr  engineer  Ims  been  scared  by  the  newspaper  writers  who  tell 
U8  of  our  loss  of  supremacy  in  manufiicture,  but  I  think  that  every  engineer  sees 
the  necessity  for  relorm  in  many  of  our  ways,  and  especially  in  this  of  education. 
People  talk  of  the  good  done  to  our  workmen's  ideas  by  the  strike  of  two  years 
ago ;  it  is  to  be  hoped  that  the  employers'  ideas  were  also  expanded  bv  their 
having  been  forced  to  travel  and  to  see  that  their  shops  were  quite  out  of  date.^ 
In  fact|  we  have  all  got  to  see  that  there  is  far  too  much  unskUled  labour  among 
workmen  and  forsmen  and  managers,  and  espedaOyin  owners.  There  maTM 
some  kinds  of  manufacture  so  standardised  that  everything  goes  like  a  wound-np 
clock, and  no  thought  is  needed  anywhere;  but  certainly  it  is  not  in  any  branch 
of  engineering.  Many  engineering  things  may  be  standardised,  but  not  the 
enginesr  himself.  Hiflions  of  monqr  may  boild  up  tmsfiSy  hot  they  will  he  wasted 
if  the  unskilled  labour  of  mare  darks  is  expected  to  take  the  place  of  the 
thoughtful  skilled  labour  of  owners  and  managers.  I  go  further,  and  say  that 
no  perfection  in  labour-saving  tools  will  enable  you  to  do  without  the  skilled, 
adneatsd,  tiiociglitflil,  honest,  faithfiil  workman  wi&i  hiatns.  I  lang^  at  the  idea 
Ibat  any  oountiy  has  hatter  workmen  than  onm,  and  I  consider  ednoation  of 

VBqr  easy  to  get  up  a  reputation  for  science.  The  man  is  a  bad  engineer  in  spite  of 
Us  adence,  but  people  get  to  think  that  he  is  an  unpractical  man  because  of  his 
adentille  knowledge.  I  do  believe  that  the  unbelief  m  tedinioal  ednoation  so  veiy 

general  has  this  kind  of  illogical  foundation.  Four  hundred  years  ago  if  a  layman 
could  read  or  write  he  was  probably  a  useless  person  who,  V»ecjiuse  he  could  not  do 
well  otherwise,  took  to  learning.  "What  a  man  learnt  was  clumsily  learnt ;  usually 
he  learnt  little  with  great  labour  and  made  no  use  of  it;  therefore  reading  and 
writing  seemed  useless.  Now  that  everybody  is  compelled  to  read  and  write,  it  is 
not  a  usual  thing  to  saj  that  it  hurts  a  man  to  have  these  powers. 
*  It  was  the  idea  of  Frindpal  Henry  Dyer. 

'  Not  only  is  there  an  enormous  improvement  in  the  use  of  limit-gauges  and 
checking  and  tools,  and  the  careful  calculation  of  rates  of  doing  work  by  variouR 
tools  and  general  shop  arrangement,  but  attention  is  being  paid  to  the  oomfort  of 
woricmen.  There  are  basins  and  towels,  and  hot  and  cold  water  for  them  to  wash 
in.  In  the  old  days  it  would  have  been  called  faddy  philanthropy.  Now,  owners  of 
works  who  scorn  all  softness  of  heart  provide  perfect  water-closets  for  their  men ;  their 
workshops  are  kept  at  a  uniform  temperature ;  the  evil  effect  of  a  bad  dranght  in 
producing  colds,  or  a  bad  light  in  hurting  the  eyes,  is  carefully  considered.  In  some 
of  these  works  it  is  actually  possible  for  a  workman  or  a  member  of  his  family  to 
get  a  luxnrioos  hot  bath  for  a  penny.  Will  this  mally  pay  7  Some  clever  bard- 
beaded  men  of  mj  adinafntanee  say  they  alrea^  see  that  it  does  pay  vmy  well 
indeed. 
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our  workmen '  to  be  tbe  eonieMtoiiie  of  prosperity  in  all  en^ 
fttcture.    It  is  from  him  in  countlefs  ways  that  all  hinta  leading  to  creat  iav^s- 
tious  rnnie.    New  countries  like  America  and  Germany  have  their  chaDe*  jss 
now  i  thev  are  slartingi  without  having  to  '  scrap '  any  old  machinery  or  oii 
ideas,  with  tbe  latMt  macbmery  and^  t&  bite»t  ioeaa.  For  them  aho  tfe  iam 
will  come  when  their  machines  will  be  getting  out-of^late  and  tbe  eoAcf 
'scrapping'  will  loom  large  in  their  eyes.    Tii  tbe  meantime  they  have  tai^« 
lesson?,  and  this  greatest  of  all  lessons — that  unle^  we  look  ahead  with  miai 
judgment,  uulesji  we  take  reasonable  precautions,  unless  we  pay  some  rt:g»rd  to 
tbe  fact  that  the  cleverest  people  in  several  nations  are  hungry  for  our  tnd«  sad 
jealous  of  our  supremacy,  we  may  for  a  time  loee  a  little  of  that  anuiMMy. 
In  tbe  last  twrnt\ -three  years  I  have  written  a  good  deal  about  the  hana 
done  to  Krifjland  by  the  general  dislike  that  there  is  amonir  all  classy  for 
any  kiixl  of  fducation.    I  do  not  my  that  thi?  Ji^llke  is  greater  tiian  it  u?«4 
tu  be  ill  Ijuglaud ;  I  complain  that  it  is  about  us  great.'*    Sut  I  have  ia:\tx 
spoken  of  tbe  decadence  of  England.  It  is  only  that  we  have  been  too  oonfidesS 
that  those  manafiuitures  and  that  commerce  and  that  skill  in  en^iDeerir^%  £or 
which  Nanoleon  sneered  at  us,  would  remain  witli  us  for  ever.    Manr  wrilen 
have  ioni(  been  pointing  out  the  consequences  of  neglecting  education  ;  prophesyi::^ 
those  very  losses  of  trade,  that  very  failure  of  engineers  to  keep  their  bouses  in 
order,  wbksh  now  alarms  all  newspaper  writers.  Fuiies  are  ridieiiloas,  hot  tbeit 
is  nothing  ridiculous  in  showing  that  we  can  take  a  hint.    We  have  had  a  Tsy 
strong  hint  given  us  that  we  cannot  for  ever  go  on  with  absolutely  no  edocaticio 
in  the  scientific  principles  which  underlie  all  engineerinir.    There   is  aDOther 
important  thing  to  reruembt'r.     Should  foreigners  get  the  notion  that  we  a» 
decaying,  we  shall  no  longer  have  our  industries  kept  up  by  an  influx  of  devw 
XJitlanden,  and  we  are  mneh  too  much  in  the  habit  of  forgisttinff  what  we  o«e 
to  foreigners,  Fleming  and  German,  Hollander,  Ilugueooty  and  Hisbrew,  fait  the 
development  of  our  natural  resourcps.    Think  of  how  much  we  sometimes  OVS 
to  one  fiireigner  like  the  late  Sir  William  Siemens. 

But  I  am  going  too  I'ar ;  there  is  after  all  not  so  verv  much  of  the  foolishneas  of 
Iibbosbetb  among  us,  and  I  cannot  help  but  feel  hopeful  as  I  think  loTingly  of  wbsl 
British  engineers  have  done  in  the  past.  We  who  meet  here  have  lived  throagb 
the  pioneering  time  of  mechanical  and  electrical  and  variou-s  other  kind,-  ■  f 
engineering.  Our  days  aud  niirhts  have  been  delightful  b»  raii>**  we  have  had  the 
feeling  that  we  also  were  helping  in  the  creation  of  a  ouite  new  tbio^  never  befoce 
known.  It  may  be  that  our  successors  wiU  hare  a  natter  time,  wiU  see  a  moss 
rapid  developmeat  of  some  other  applications  of  science.  Who  knows  ?  In  tttfj 
laboratory  of  tbe  world  men  are  discovering  more  and  more  of  Nature's  seostt. 
The  laboratory  experiment  of  to-day  ^ives  riw  to  the  enfrim'ering-  achievement  sf 
to-morrow.  Hut  I  do  say  that,  however  great  may  be  the  growth  of  engineering 
there  can  never  be  a  time  in  the  future  history-  of  the  world,  as  there  has  nersr 
before  been  a  time,  when  men  will  have  more  satisikction  in  the  growth  of  Asir 
profession  than  engineers  have  had  during  the  r^^  of  Queen  Victoria. 

And  now  I  want  to  call  your  attention  to  a  new  phenomenon.  Ov»^r  and  "ver 
again  liiu>  attentiou  been  called  to  the  fact  that  the  engmt'tr  has  created  what  i? 
called  *  modem  civ^isation,'  has  given  luxuries  of  all  kuids  to  the  poorest  peop^ 
has  provided  engines  to  do  sll  tbo  slave  labonr  of  tbe  world,  baa  given  leissoe  sad 
frsedom  from  <&udgery,  and  chances  of  refinement  and  high  tlioqgbt  and  bl^b 
emotion  tt)  thousands  instead  of  tmits.  But  it  is  doing  thinps  more  striking  stiiL 
Probably  the  most  important  of  all  things  is  that  the  yoke  of  jiuperstitions  of  &H 
kinds  on  the  souls  of  men  should  bo  lifted.  The  study  of  natural  science  is  aloM 
able  to  do  this,  but  education  through  natural  scienee  for  the  great  asss  of  ths 
people,  even  for  the  select  few  callra  tbe  distingwshed  men  of  the  eooatiy,  ftss 
Men  qoite  impossible  tilt  reeenUy.  I  say  that  it  is  to  engineen  thai  dw  wofU 

*  Tbe  old  appeoticeship  system  of  training  men  has  broken  down,  and  Ibis  is  ths 

cau'^o  of  most  of  our  industrial  troubles.    An  apprenticeship  system  suited  toi 
oonriit  ions  is  described  fully  on  psgea  6iM^  of  £iifia»d's  Aegieet  ^  S€Mmm, 

'  Loc.  cit. 
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owes  the  possibility  of  this  new  study  becoming  general.  In  our  country  nearly 
all  discoveries  come  from  below.  The  leaders  of  science,  the  inventors,  n'Cfive  from 
a  thuusaud  obscure  bourceij  the  germs  of  their  great  discoveries  and  inventions. 
When  every  unit  of  the  population  is  faailUar  with  edentifio  ideas  our  leaders  will 
not  only  be  more  numerous,  but  they  will  be  individually  greater.  And  it  is  wc, 
and  not  the  schoolmasters,  \s  ho  nre  faniilinrising"  the  people  with  a  better  knowled^jn 
of  Nature.  TVhen  men  can  hardlv  take  a  step  without  seeing  steam  engines  and 
electro-motora  and  telegraphs  and  telephones  and  steamships,  with  drainage  and 
waterworks,  with  railways  and  electric  tramways  and  motor-cars;  when  every 
shop-window  is  tilled  with  the  products  of  enpneerincr  enterprise,  it  is  getdng 
rather  dilficult  for  people  to  have  any  belief  in  evil  spirits  and  witchcraft. 

AU  the  heart-breaking  preaching  of  enthusiasts  in  education  would  produce 
Tery  little  effect  upon  an  old  sodety  like  that  of  England  if  it  were  not  for  the 
engineer.  He  has  produced  pence.  He  is  turning  the  brown  desert  lands  of  the 
earth  into  |^reen  pastures.  He  is  producing  that  intense  competition  amoi^ 
nations  which  compels  education,  if  England  has  alwavs  been  the  last  to  begm 
reform,  she  hss  always  been  the  most  thorough  and  steadfast  of  the  natbns  on  aqy 
reform  when  once  she  has  started  on  it.  Kdttcation,  pedagogy,  is  a  pro<rres5>ive 
science ;  and  who  ami  that  I  should  say  that  the  system  of  education  advocated  by 
me  is  that  which  will  be  found  best  for  England  P  In  school  education  of  the 
aTerage  boy  or  man  England  has  as  yet  had  practically  no  experience,  for  she  has 
given  no  real  thought  to  it.  Yet  wli'  ii  she  does,  I  feel  that  although  the  Finsbury 
echeme  for  engineers  may  need  great  improvement,  it  contains  the  germ  uf  that 
system  which  must  be  atlopted  by  a  race  which  has  always  learnt  through  trial 
and  error,  which  has  been  le<l  less  by  abstiaet  principles 'or  abstract  methods  of 
naaoning  then  any  race  known  in  history. 


The  following  Paper  was  read :—  ^ 

1.  Recent  Progren  in  Large  Gas  Engines.   By  Hbrbbkt  A.  HuupHRiTy 

AMJnU,C,E. 

The  author  said  that  the  last  few  years  had  seen  a  de?elopment  in  large  gas 

engines  which  has  but  few  parallels  in  the  history  of  engineering  euterpri.«e.  Gas 
engines  of  1,200  and  ],6()0  h.p.  are  already  working,  and  others  of  2,000  to 
4,000  h.p.  are  being  constructed.  In  the  Paris  Exhibition  of  1900  the  600  h.p. 
CockeriU  gas  engine  created  much  surprise,  but  now  tlie  makers  have  in  hand  ao 
engine  of  2,500  h.p.,  and  are  quite  prepared  to  build  a  5,000  h.p.  gas  engine. 

In  this  country  the  tirst  ga.s  engines  above  4C0  h.p.  were  started  in  1000  and 
ran  with  Mood  gas,  but  at  the  present  time  the  two  leading  English  manufacturers 
have  delivered  or  have  under  construction  fifty -one  ga^  engines  of  between  SCO 
and  1,000  li.p.  Of  tbe^^  Mi  ssr-^.  ('roi=sk  v  J^rotbers,  of  Manchester,  .supply  twenty- 
eight  engiueM,  haviuir  an  aggregate  of  8,li00  h.p.,  or  an  average  of  290  h.p.  per  engine, 
and  the  Premier  Qa.s  Engine  Company,  of  Nottingham,  supply  twenty-three  engines 
with  a  total  of  Oy.'^OO  h.p.,  giving  an  aTsrage  of  404  h.p.  per  engine.  These  two 
makers  coUeotively  su^ly  IJfiOO  h.p.,  and  of  this  power  13|600Lp.  is  Ibr  diivinf 
dynamos. 

This  is  a  striking  proof  of  rapid  progress,  but  we  have  to  look  abroad  for  the 
great  achievements  in  this  direction.  Neglectinir,  throughout  this  paper,  all  engines 
below  200  h.p,,  we  find  that  Messrs.  Korting  l^ro.s.  and  their  liceiusees  have  made 
or  have  under  construction  thirty-two  ^as  en^ones  with  a  total  of  4  i,5U0  h.p., 
STeraging  1,300  h.p.  per  engine.  Xhe  8oci^t6  Anonyme  John  CockeriU  of  Seraing 
and  their  lioeoseea  come  next  with  fifty>nlne  engines,  having  an  a;rgregate  dt 
32,0fi0  h.p. ;  so  that  the  average  size  of  the  engines  built  by  this  firm  is  558  h.p. 
The  Gaamotoren  Fabrik  Deutz  take  the  ihird  placo  with  fifty-one  engines,  develop- 
ing collectively  20,666  h.p. ;  and  are  followed  by  the  Deutsche  Kraftgas  Gesel^ 
sraaft  and  licenseei»  woikmg  under  the  Oedhslhanssar  patents,  with  eng^aea  num* 
baring  twenty^ht  and  giving  16^900  h.p. 
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.Altiiovgli  America  has  lagged  somewhat  behind  the  ContioeDt  in  adopting 
large  gas  engines,  there  is  evidt  nce  that  this  state  of  affairs  will  not  long  eortinue. 
The  Snow  Steam  Pump  Works  of  Buffalo,  New  York,  have  only  recently  started 
the  manufacture  of  gas  engines,  yet  they  have  already  put  to  successful  work  ax 
gli  engines  of  1,000  h.p.  each,  and  are  now  eomtmcting  two  enormous  gas-engine 
gas  compressors  of  4,000  h.p.  each,  the  first  to  be  runnin<?next  November,  and  th^ 
second  by  Jannary  19()8.  The  Westinghoupe  Afach  ine  and  Marmfacturing  Con^pany, 
of  PittabuKh,  have  made  gas  engines  of  1,500  h.p.,  aud  are  prepared  to  build  &iz«s 
up  to  8/)00  h.p.,  either  bortxontsl  or  vertical. 

Improvements  in  oonstTiirtinn  werr  then  dealt  with,  the  points  touche<l  npon 
being  concerned  respeftively^vith  the  framework,  the  cylinder  and  pistoOf  the 
valves,  ignition  apparatus,  governing  devices,  and  self-starting  mechaniam. 

Tvpes  of  engines  were  miefly  considered  with  a  tww  to  show  upon  whatBnss 
the  development  is  progressing,  and  to  indicate  the  kind  of  madiine  whidfc  maj 
be  expected  to  prove  the  most  successful  gas  engine  in  the  future. 

Some  advances  in  the  theory  of  the  gas  engine  were  mentioDed.  The  last  few 
jeafs  bate  shed  some  light  on  what  takes  place  in  a  ga»«n«ne  cjlinder^  aad  tiis 
author  referred  to  the  questions  of  temperature  gradients,  the  effect  of  incrcosad 
specific  heats  of  oraspa  at  high  temperatures,  and  the  effect  of  high pressares  on  the 
mode  of  heat  transference  to  the  cylinder  walls.  The  heat  efficiency  of  gas  engines 
fseeiTed  attention,  and  some  figurss  were  given  as  to  the  relative  emdendes  gas 
and  steam  engines. 

<?<M  Enffinrs  for  Central  Stations. — It  is  admitted  that  the  future  of  gas 
ttDgines  for  central-etatioD  purposes  depends  on  the  ability  of  gas  engines  to  drive 
-iUeniBtonin  paraUeL  Numerons  instances  were  given  in  wh&h  ga»-dri  ve&  alter- 
nators are  regularly  at  woi^  in  parallel,  giving  good  results.  The  permiasible 
cyclic  variation  of  gas  engines  intended  for  driving  alternators  was  disoiMBedf 
and  other  matters  rekting  to  succeseful  parallel  working  were  dealt  with. 


Fill  DAY,  SSPTEMBEB  12. 
The  IbUowing  Papers  and  Beport  were  read 

1.  Sieam  TuMnu,  By  Hon.  C.  A.  Pabsoks,  F.B^. 


2.  Jieport  on  the  Jiesistance  of  Road  Vehicles  to  TracUon. 

See  Reports,  p.  314. 


8.  On  Regtdar  UfiduitxiionB  produced  in  a  Road  hy  the  Uae  of  SMget, 
By  Yaughah  O0BNI8H,  J)^,^  F,6.S^  F.C^^  F,B.OJSl. 

On  the  atsep  load  from  the  Saddleafeone  Slate  Quarry,  Coniston,  Lanes, 

sledges  are  used  to  convey  the  slate  down  to  the  railway,  the  load  for  a  sledge 
being  half  a  ton.  On  the  up  journey  the  empty  sledge  is  placed  in  tlie  cart,  to 
which  on  the  down  journey  it  acts  as  a  drag,  so  that  the  sledges  are  only  dragged 
in  one  direction,  vis.ydownhilL  The  sledges  produce  undulations  of  a  symmetric^ 
and  roiiTidf  d  form,  resemhling  a  curve  of  sines,  in  the  road.  The  length  of  the 
sledge-runners  is  4  feet  7  inches.  The  average  length  of  the  undulations  from 
crest  to  crest  was,  in  September  UX)i,  14  feet  b  inches,  and  in  August  1902, 
14  feet  9*4  inches,  t a  a  little  more  than  three  timee  the  lenffth  of  the  ded^  The 
averap^e  height  from  trough  to  crest  of  a  series  of  seven  riages,  measured  in  1902, 
was  7'5  inches.  Identical  sledpes  are  n«=ed  on  part  of  the  mad  from  Cove  Quarry, 
on  another  side  of  the  hill  (the  *  Old  Man  '  of  Oouiston),  which  also  produce  andit> 
latioiMy  the  average  length  of  vHudi  waa  14  ibet  0  indiea.  Sledges  have  been  m 
nae  on  the  Ssddwatone  Quairy  load  fn  finrtf  yeaia^  and  it  has  not  hen  tmad 
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practicable  to  AToid  the  fomittion  of  theee  tnoonvement  undulitiioaa.  From  time 
to  time  the  cresta,  ■which  are  said  to  become  very  hard  and  compact,  are  hacked 
up,  and  the  material  thrown  into  the  troughs.  Their  formation  is  generally 
aaeri W  Vy  those  iwfao  use  the  rotd  to  iidtial  IneanalitieB  (each  at^  ciow  ehaimeiii 
caused  by  violent  rains)  of  sufHcient  size  to  msKe  the  sledge  pitch.  Unequal 
hardneas  of  ditferent  parte  of  the  road  has  also  been  flspiprned  as  a  cause  for  com- 
mencing that  pitching  motion  which  it  obviously  associated  with  the  formation  of 
Hm  nnmiktioiui. 

When  these  conditions  exist  they  undoubtedly  tend  to  produce  the  effect ;  but 
tin  author  has  found,  by  experiment  with  a  miniature  sledge,  that,  when  the 
detritus  of  the  road  consolidates  readily  under  pressure,  these  undulations  arise 
spontaneously  by  the  action  of  a  steadily  moving  sledge  when  furrowing  a 
homogeneous  and  level  road.  The  wedge  of  detritus  pushw  along  in  front  of  the 
prow  of  the  sledge  becomes  compacted,  the  sit  (l<,'e  surmounts  it,  rolling  like  a 
wheel,  and  the  detritus  remains  behind,  as  an  excresct  ncf  incorporated  with  the 
road.  At  the  same  time  the  sledge  pitches,  furrowiug  the  ruad  more  deeply, 
aeeomiilating  detritus  in  front  of  it,  which  it  finally  surmounts  (with  the  rolling 
morement  which  assists  to  ooupmsSf  bind,  and  oonsolidate  the  material)  building 
up  the  next  crest. 

The  conversion  of  the  plane  surface  to  a  strongly  undulating  surface  of  definite 
ware  length,  in  the  authoi'a  experiments  about  S}  times  the  length  of  the  sledge, 

proceeded  very  rapidly  when  the  material  (coarse  river  sand  by  the  shore  of 
Coniston  Water)  was  of  the  right  degree  of  dampness.  The  (horizontal)  track  was 
free  from  inequalities  or  obstructionSi  and  the  sledge  was  dcawn  steadily  and 

Conosponding  undulations  sometimes  produosd  bj  slsdge-drivin^  on  snow- 
covered  roads  are  familiar  in  Canada,  where  they  are  called  cahotK  (jolts).  The 
author  saw  these  in  and  near  Montreal  in  the  winter  1900-1901.  They  avenged 
IS  feet  in  laurtli  ftom  ereet  to  erest,  and  8  inches  appeared  to  be  a  not  uncommon 
amplitade.  The  length  of  the  sledge-runners  Taned,  but  6  to  6  feet  seemed  to 
be  a  common  size.  The  author  came  to  the  conclusion  that  for  the  marked 
development  of  cakoU  the  snow  should  be  in  the  state  to  bind  under  the  pressure 
of  the  sledM  when  it  rolls  over  n  prominanee.  The  dry  snow  in  seio  weather  ait 
Winnipeg  did  not  show  the  same  tendeiM^  to  go  into  cakott. 

The  author  has  investigated  many  cases  of  undulating  surfaces  spontaneously 
produced  by  the  passage  of  a  Jluid  (air  or  water)  over  granular  materials.  This 
abofe  diasmtioas  appear  to  extend  the  rsngs  of  tnis  daaa  of  phenomena, 

^^^^^^^^^^^^^^^^^^ 

4.  A  JfHo  SlaHus  Vthieh  Wheel,        J.  'Bbowk^  FJt.8. 

lu  previously  desired  vehicle  wheels  having  springs  inserted  between  hub 
•ad  rim,  sooh  rariogs,  if  rigidly  fixed  at  their  ends^  are  soon  broken  off  at  these 
points  of  attacnment  owing  to  the  bending  due  to  the  continual  displaoement 
of  the  hub  relatively  to  the  rim  during  the  revolution  of  tlie  wheel. 

If  springs  be  attached  through  jointed  connections  to  nm  and  hub,  the  action 
of  sneh  joints  involTes  eontiniml  loss  of  power  by  friction  in  tlie  joints  as  the 
wheel  revolves. 

In  the  wheel  shown  no  joints  are  used,  and  the  spring  spokes  are  attached 
rigidly  to  hub  and  rim,  but  the  tendency  to  fracture  at  the  points  of  attachment 
la  overeome  in  spreading  the  brsahing  stress  over  a  foot  or  more  of  the  eoda  of  tiie 
spring  by  giving  the  ends  of  the  steel  strip  from  which  the  spring  is  made  a 
taper  form,  gradually  increasing  in  thiclmess  towards  the  ends.  The  spring  spokes 
are  crossed  alternately  between  hub  and  rim  to  give  sideway  stability.  The  outer 
ends  are  bolted  to  a  castrng  attaebed  to  inner  aide  of  rim ;  the  inner  ends  to  n 
specially  made  hub  so  formed  that  by  means  of  a  taper  key  passing  through  a  slot 
in  the  tail  of  the  spring  its  tenaon  can  be  adjusted  so  as  to  keep  the  rim  true. 
The  whole  set  of  spring  are  then  clipped  fast  by  rings  bolted  on  tne  faces  of  the 
ImK  Thn  wheal  atoM  well  a  test  at  eooddanUe  speed  on  rough  roads  as  a 
driver,  and  carryii^  a  load  of  11  cwt. 
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5.  An  AU-itaiiens  Haqtnu  Train,   By  J.  Bbowi^  FJLB. 

The  working  model  exhibited  illustrated  the  automatic  worldog,  V 

of  appropriate  self-acting  switches  and  couplinj^s,  of  the  scheme  for  an  rUetrie 
railway  described  in  the  '  Journiil  of  the  Institute  of  Electriral  EngiMK*,' 
vol.  xxXm  part  148  (1901),  together  with  a  newly  added  protective  apiiiiEf 
deTiee  indicating  to  the  driver  in  a  car  following  another  car,  which  it  ii  thntto 
pick  un,  the  distance  between  such  cars.    This  eoosists  of  a  msistewfii  lixad 
the  side  of  the  track  in  contact  with  brushes  or  sliders  on  the  cars.   The  hrti 
on  t!ic  car  in  advance  is  joined,  say,  to  the  positive  of  the  main  electric  saptly^ 
that  on  the  following  car  to  the  ncfi^tive.    The  current  coniiequenily  fiowii^ 
thfougfa  the  redstance,  being  inyersely  proportional  to  the  distance  beared  lk 
cars,  may  Indicate  this  distance  on  appropriate  inetnunents  under  the  dximli  m 
in  each  car. 


G.  The  RninfaJJ  of  IrelaufL 
By  Hue, II  RoBKUT  Mill,  D.Sc.,  LL.D.,  F.R.S.E. 

Li  order  to  (h'tfrminf  t  he  true  mean  annual  rainfall  of  any  rf  i:I  n  it  c--?- 
saiy  to  have  unitbriu,  continuous,  and  prolonged  observations  at  a  i&r^'c  noiLija 
of  weU-distribnted  stations. 

It  is  now  possible  for  the  first  time  to  gi?e  a  fairlj  aatislaolofl3r  aecosst  of 
Irish  rainfall,  though  the  observing  stations  at  work  are  only  one  for  evsiT 
171)  square  railed  as  eompan'd  with  one  for  every  twenty  s-juare  iniiea  in  pjisliiK. 
The  liumber  of  sUitioua  lu  Ireland  has  increased  from  6ii  in  le>74  to  m  IJi^l, 
an  incraese  of  140  per  cent ;  while  the  number  of  stations  in  Kngland  and  Wski 
increased  only  by  120  per  cent.,  and  in  Scotland  only  by  32  per  cent,  in  tbe 
period.  In  1874  there  was  not  a  single  record  of  rainfall  from  th«»  con!it!«  ?f 
Clare,  Kildare,  Leitrim,  Limerick,  I^ongford,  or  Monaghan  ;  now  there  is  at  ItAfi 
one  rain  record  iVom  every  county.  The  number  of  stations  is  still  far  too  tXMii^ 
espedally  in  Oonnaiiriit;  and  after  the  stimulas  of  the  British  Aiwistini  is 
Bel&Bt  produced  its  effect  in  1876  the  nomber  in  Ulster  has  esassd  to  grov:— 


1  Naof 
Province                        1  Bain  Stations 

1     ia  VI74 

No.  in  1875 

* 

Kaialfa 

30 

55 

fie 

10 

16 

» 

I^inster  • 

26 

31 

17 

S8 

Ireland  ..... 

&3 

129       1  ISO 

While  1,400  additional  stations  would  be  necessary  to  place  IrdiiklcB^aB* 
footing  as  an  equal  area  of  England,  only  186  additional  obserren  ass  n^otd** 
give  the  same  number  of  rain-gauges  per  tliousand  of  population. 

Perfect  records  for  the  ten  years  18tHJ  DO  exist  for  108  stations  in  Irelai>d,»ii 
bv  computation  thirty-one  additional  records  can  be  made  availabie.  ,Oftie« 
twenty-one  records  are  perfect  Ibr  the  thirty  years  187O<-80y  and  fifty-six  rBwrii 
of  sonwwhiA  shorter  duration  can  be  computed  with  roesonitle  accurscj.  ibt 
distribution  is  not  satisfactory,  the  western  naif  of  the  count  n;-  and  all  the  DOflfi- 
tainouB  districts  being-  %ery'  ]>norly  represented.  Maps  have  been  construe!?*!, 
however,  \vhich  give  a  better  rep re«>eutation  of  Irish  rainfall  than  aoyiiiiiig 
yiously  compiled. 

Ths  map  for  the  thirty  years  1870-89  may  be  taken  as  ghowing  tbs  true  mMi 
(all  so  far  as  the  limited  number  of  stations  makes  it  possible  to  do  so.  There  are 
only  three  small  areas  with  a  foil  exceeding  60  inches  per  annum  in  tht  vr»'<t  -^f 
Kerry,  of  Mayo  and  (ialway,  and  of  Donegal  respectively.   Posaihlj  same 
of  the  eastern  mountains  may  also  have  a  uU  exceeding  50  inchss.  Msn  ^ 
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)  inches  falls  over  the  whole  of  Ireland  west  of  the  Foyle  and  the  Shanrfon,  and 
the  west  and  sooth  of  a  line  drawn  from  Limerick  through  Mallow  to  Clonmel, 
hence  a  narrow  helt,  equally  wet,  runs  north-eastward  through  the  counties  of 
Taterford,  Wexford,  and  Wicklow.  Two  small  areas  with  uiore  than  40  inches 
'Cur  in  the  south-east  of  Co,  Down  and  the  east  of  Co.  Antrim.  All  the  rest  of 
*eland  has  between  30  and  40  inches  of  rain,  except  parts  of  Co.  Dublin  and 
o.  Meath,  where  the  fall  averages  less  than  30  inches.  The  following  table  gives 
rough  approximation  to  the  areas  of  the  different  zones  of  rainfall :  — 

Under  30  inches  (average  29  in.)  .      .  .  700  square  miles. 

From  30  to  40  inches  (average  35  o  in.)  .  13,200  „ 

From  40  to  50  inches  (average  44  in.)  .  .  13,500  „ 

Above  50  inches  (average  GO  in.) .      .  .  5,200  „ 

Ireland  .       .      .  32,G00 

"his  gives  an  average  of  42  inches  for  the  whole  country;  a  figure  which, 
Ithough  by  no  means  certain,  is  probably  not  very  far  from  the  truth. 

The  variations  of  rainfall  in  Ireland  are  lees  than  those  in  England.  Thus  for 
lie  ten  years  1890  99  the  rainfall  over  Ireland  was  only  2  per  cent,  below  the 
hirty  years'  average ;  that  over  England  and  Wales  showed  a  deGciency  of  7  per 
ent.*  The  average  rainfall  of  the  ten  years  was  practically  the  same  as  that  of 
he  thirty  years  in  central  Ireland,  a  trifle  above  the  average  in  the  north-west, 
nd  a  little  below  the  average  round  the  north,  east,  and  south  coasts. 


Rainfall  Averagea  for  Thirty  Years,  1870-99. 


V  PUce 

1870-79 

ibtiiMiy 

1890-99 

1870-99 

■ 

in. 

in. 

in. 

in. 

rortlaw,  Mayfield,  Co.  Waterford 

41-66 

43-31 

42-18 

42-38 

Glenam,  Clonmel.  ... 

43-47 

42  15 

40-89 

42-17 

New  Koss,  Longraigue,  Co.  Wexford  . 

43-67 

39-29 

38-76 

40-54 

Eimiscorthy,  Bally hy land,     „  ... 

44-36 

42-80 

41-46 

42-87 

Gorey,  Courtown  House,        ..  ... 

3814 

35-39 

33-62 

35-72 

Inistioge,  Woodstock,  Co.  Kilkenny  . 

46-64 

41-67 

38-60 

4227 

Bray,  Fassaroe,  Co.  Wicklow  .... 

38-70 

43-28 

39-68 

40-55 

Carlow,  Browne's  Hill,  Co.  Carlow 

3609 

3369 

3.3-65 

34-44 

Dublin,  FitzWilliara  Square,  Co.  Dublin  . 

28-47 

27-47 

27-30 

27  76 

Athlone,  Twyford,  Co.  West  Meath  . 

40-47 

.38-97 

35  83 

38-42 

Ballinasloe,  Co.  Galway  

3H-89 

35-6<) 

36-58 

37-04 

Toam,  Uanlenfield  (6  ft.).  Co.  Galway 

88-43 

42  76 

41-86 

41-01 

Bcltnrbi't.  Rcdhills,  Co.  Cavan  .... 

36-67 

34-57 

34-42 

35-19 

Armagh,  Observatory,  Co.  Armagh 

3096 

32-16 

,30-97 

31-36 

Seaforde,  Co.  Down  

41-67 

37-89 

36-27 

38-61 

Banbridgc,  Milltown,  Co.  Down 

32-75 

31-44 

30  23 

31-47 

Waringstown,  ,. 

3403 

33-02 

34-14 

3373 

Belfaiit,  Queen's  Collie,  Co.  Antrim  . 

34-92 

32-77 

32-00 

33-23 

r,     Antrim  Road,            „       .       .  . 

33-86 

34  67 

35-28 

34-57 

Omngh,  Edenfel,  Co.  Tyrone  .... 

37  25 

36  63 

39-66 

37-86 

7.  Water  Power  in  Ireland.    By  F.  J.  Dick. 


8.  A  Direct  Reducing  Levelling  Staff. 
By  G.  W.  Herdman,  B,Sc, 

The  ol^'ect  of  this  staff  is  to  lessen  the  arithmetic  which  is  always  necessary 
to  obtain  from  the  observation  through  the  level  telescope  the  actual  height  above 
datum  (or  '  reduced  level*)  of  the  spot  where  the  staff  is  held. 

'  862  BrxHih  Rainfall,  1901,  p.  24. 
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The  staff  may  be  any  number  of  feet  in  length,  and  ma^  be  graduated  accordmg 
to  any  pattern  which  the  u^r  tiads  convenieat.  It  differs  eaaeDtially  from  the 
ordinary  levelling  staff  in  having  a  shoe  which  tUdfl*  OQ  the  itaff  at  the  end  wiA 
the  maximum  gradoetioiia,  and  which  can  be  extended  and  fixed  at  any  partiedar 
bandn^dth     a  foot  so  as  to  lengthen  the  staff  by  the  amount  of  that  exteneiM. 

The  m>'tli()d  of  employing  it  is  as  follows: — 

Having  set  up  the  level,  the  height  of  the  inatraflMiit  or  'ooUimatum  leval'  is 
obtaioed,  as  usual,  hf  adding;  to  the  value  of  the '  bench  mark  *  on  which  the  staff 

is  held  thf>  readinj^  Jj^en  on  the  staff.  The  shoe  is  now  extended  to  the  amount  of 
the  decimals  in  th>'  coUimation  level,  and  in  the  field-book,  benesth  the  coUimation 
level,  is  written  the  '  datum  level,'  which  is  the  total  length  of  the  extended  staff 
lets  than  the  OoUimation  level.  The  '  datum  level '  consequently  is  a  whole 
number  without  decimals.  All  other  obs^Tvatioiis  from  thi-*  pnsition  of  the  level 
are  now  taken  wilh  tho  stati  inverted,  i.e.,  the  shoe  on  the  ground,  and  the  reduced 
level  is  obtained  by  adding  the  reading  to  the  datum  leveL 

The  amount  to  which  the  shoe  is  eictended  only  has  to  ha  altered  when  the 
OoUtmation  IdtsI  is  altered,  »>.,  wlnn  the  instrument's  position  has  been  altered- 
The  booking  as  reduced  levels  of  a  large  number  of  observations  from  one  position 
of  the  level  is  extremely  simple  and  rapid. 


SATURDAY^  SEPTEMBER  13. 

The  Section  did  not  meet. 


MONDAY,  SEPTEMBEB  15. 

The  following  Papers  were  read :  — 

1.  The  Future  qf  the  Tel^phonr  in  the  United  Kingdom, 

JSjfJ,  K.  K.UiGSBUBY. 


2.  A  New  Magnetic  Teating  InMtrumenL  By  F.  Holdks. 


3.  The  Electricfil  Condiwtivity  of  certain  Aluminium  Alleys  <ts  atF<^H^by 
Exposure  to  London  Atmosphere}    By  Professor  Ernest  Wilso.v. 

This  paper  deals  with  the  effect  upon  electrical  conductivity  of  exposing  light 
aluminium  alloys  to  London  atmosphere.  The  author  pointed  out  that  if  commet- 
dally  pure  alnminimn  he  alloyed  with  a  small  percentage  of  copper  fat  the  purpose 
of  increasing  its  tensile  strength  exposure  diminishes  electric  conductiTityf  posfiMy 
by  electrolytic  action  pitting  the  surface.  If,  in  addition  to  the  copper,  a  «mall 
percentage  of  nickel  be  added,  no  such  effect  occurs,  and  tho  tensile  strength  \& 
inereasea  The  discovery  that  metals  which  alloyed  alone  with  alumtninm  may 
produce  unfavourable  effects,  but  in  combination  prove  henefldal,  may  hare 
practical  importance  in  other  than  electrical  branches  of  engineering.  The 
physical  properties  of  aluminium  alloys  are  still  little  understood}  and  the 
subject  ia  of  grsat  intentt  to  engfaMm  In  gmMvaL 


4.  Some  Electrical  Instruments,    By  M.  B.  Field. 

Four  instruments  were  exhibited  and  briefly  described.  The  first  was  a  volt- 
meter for  a  three-wire  circuit  which  was  compensated  for  the  voltage  drop  in  a 

>  See  the  Electrician,  September  19, 1902. 


Digitized  by  Google 


THAMBACnOHB  OF  SBOnGET  0« 


785 


triplp  concentric  oa>)le,  of  which  the  outers  had  a  cross-eection  of  0*5  a^nin  inch 
and  the  neutral  0  i'5  square  inch.    The  feeder  was  one  mile  in  lenprtb. 

The  secoud  iastrument  was  inteuded  for  determinatioaa  of  amperes,  voltSi 
-watfti,  tad  power  ftetor.  It  wis  oonstrneted  on  the  hot-wiie  prineiple,  and  wes 
intended  for  use  in  teat-rooms,  workshops,  &c.  The  various  determinations  were 
made  hv  taking-  readings  with  &  phig*  attached  to  the  instrument  in  different  plog^ 
holes,  two  readings  being  necessary  for  the  determination  of  watts. 

Tlie  third  initniaient  wu  fltyjf^  *  '&alt  indicator/  being  designed  principally 
fiir  on  trunwa^  eiseidtBi  The  circuitr-breakers  protecting  tramway  feeders 
often  open  for  unknown  causes:  sometimes  it  may  be  due  to  faults  occurring, 
eometimes  merely  temporary  overload.  Usually  the  circuit-breakers  are  closed 
anin  without  further  pneavtion.  This  is  obviondv  an  unsatisfactory  prooeediag; 
The  fault  indicator  showed  whether  the  line  was  *  clear  *  or '  blocked' ojr  measuring 
its  resistancf.  It  was  arranged  on  the  principle  of  a  bridge  :  if  the  resistance  was 
below  a  certain  amount  the  pointer  of  the  indicator  went  hard  over  to  the  left, 
indicating  *  line  blocked ' ;  if  aboie  a  eertain  limiti  hard  over  to  the  right,  indicating 
'  line  clear.' 

The  fourth  instrumont  was  a  synchronising  switch  and  voltmeter* 
The  switch  was  arranjzed  so  that  with  a  single  setting  it — 

(1>  put  pilot  svnchroni.sitig  lamps  into  the  circuit,  which  lamps  were  situated 
near  the  engine  of  the  incoming  alternator  for  the  driver's  benefit ; 

(2)  put  synchroiusing  lamps  into  circuit  on  the  panel  of  the  ineomin|^ 
alternator ; 

(8)  put  a  synchronising  voltmeter  in  circuit ; 

(4)  put  a  special  voltmeter  into  circuit  with  a  double  winding,  each  winding 
aetuating  an  inaependent  pointer. 

The  two  pointers,  however,  moved  over  the  same  dial,  and  were  arranged  so 

that  if  they  were  indicating  equal  voltage  they  together  fonned  a  radial  line 
across  the  dial;  if  unequal,  a  broken  line.  The  one  winding  was  connected  to 
the  incoming  alternator,  the  other  to  the  'bus  bars.  The  double  voltmeter  and 
the  ^nehionising  voltmeter  were  mounted  on  the  same  swinging  bracket.  With 
the  arrangement  described  the  ordinary  general  amtngement  of  the  switdiboaid 
could  be  simplified,  and  the  pcoceas  of  synchronising  facilitated. 


5.  1%«  Sdenee  o/iha  Wcrhkop,   By  W.  Tatmb. 


6.  The  Important  of  Minor  IhUala  in  Etu/ineering  Work. 
By  M.  HoLitoTD  Smith. 


7.  On  Uii6  Specific  Utilisation  of  Materials  in  Dynamo  Construction, 
By  Professor  S.  P.  Thompson,  F.R,S, 


8.  A  new  FUuhing  Lighthouse  Light  witltout  Intervals  qf  Darkness, 

By  J.  R.  WioHAM. 


9.  A  Joint  Discussion  with  Section  L  on  the  Training  of  Engineer », 


TUESDAY,  SEPTMMBER  16. 
The  following  Report  and  Papers  were  read : — 

1.  B$p9n  on  <As  SnM  Screw  ^ou^— See  BeportB,  p.  360, 
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2  Tlie  Sniokelens  Combustion  of  Biiiiminoiis  Fad, 
By  W.  H.  Booth,  M.Am,Sac.C,£. 

The  ftttthor  points  out  that  although  engineeis  are  tauglit  the  conditioos  cree- 
aaiy  to  combnfttion,  they  do  not  put  them  into  practice,  and  the  modem  boivji 
fixed  in  the  most  primitive  manner. 

Certain  fuels  burn  without  smoke,  and  may  be  burned  directly  belov  bat- 
aheorbii^f  lurihce.  Thiseanncvt  be  done  smokeleedy  with  hydroairhom  bw» 
of  the  gwtter  avidity  of  hydrogen  than  of  carbon  for  oxygen,  mad  tfie  OMMitf 
of  preserving  a  hijjh  tpmpprature  for  burning  hydrocarbon  tras. 

The  difference  between  long  and  short  flaming  coal  i:i  pointed  out  lad  ue 
effects  noted. 

The  eflbet  id  xefhietoiT  fumaoee  la  diacoaMd.  The  reAigemting  dkbt 
Yoiletilinng  solid  hydrocaroons  is  discussed  in  its  effect  on  the  distnbuti^iG  of 
temp^^rature  in  a  fnmacp,  and  the  production  of  heat  nt  fin<\  h»^ynnd  the  mt? 
surface.  Though  less  heat  is  produced  at  the  grate  surl'ace,  the  tot^I  he»t-pp.>- 
duction  of  bituminous  coal  is  eventually  secured  if  suitable  furnace  arrafigczEaitt 
•re  provided  for  the  purpose. 

The  faults  of  everyday  boiler-settings  are  pointed  out  in  rt^-«p<eot  of  vanoo! 
types  of  boilers,  and  the  bad  effect  of  C'>M-water  pipos  in  tlie  path  of  the  funace 
gases  is  referred  to.  Though  very  bad  as  a  gmolve  producer,  the  common  Com  of 
water-tube  boiler  can  easily  be  set  so  as  not  to  produce  smoke.  The  foraseei 
must  be  so  arranged  that  all  the  gaseous  products  of  the  fnniaee  ere  £vepi 
together  with  all  tlu'  admitted  air,  and  are  not  cooled  down  until  suSci^o^y 
burnod  to  admit  of  being  used«  For  this  purpose  fumaoe  linings  must  be  aos- 
heat  absorbent. 

Small-tube  boilers  are  condemned  in  their  more  common  forms,  aad  tls 
amogement  of  the  refractory  fumaoe  of  the  Weir  boiler  pointed  out  u  sMuf . 
economical  and  smokeless  combustion. 

The  locomotive  is  also  in^^ffinced  as  an  example  of  how  partial  recognitinn  <rf 
the  correct  principles  has  been  fairly  successful. 

Some  of  the  attempts  to  secure  smokeless  combustion  are  discussed,  lad  tk 
(sonviction  expressed  that  there  is  nothing  in  smoke  prerentioo  to  jorti^  tke 
assertion  so  often  mado  that  it  is  economically  impossible. 

The  final  conclusion  is  that  smokeless  combustion  of  bitumlnoas  cosl  ii 
easy  and  certain  as  the  reverse  method. 


3.  The  FrevenHon  of  Smoke.   By  J.  8.  Batwoktb. 


4.  T/ie  8olignac  BoiUr.   By  W.  H.  Booth. 


5.  The  Making  of  a  Dynamo,   By  H.  A.  Matob. 


6.  £xperienee$  wWi  th**  Infantry  Rnn(j>' finder  in  tlie  Souih  4frieaB  Wv. 

By  Professor  G.  Forbss,  KILS, 


7.  A  Prdiminary  Note  on  Oaa-mgine  BxploHons.^   By  H.  E,  WtmiVO- 

In  this  note  the  writer  refers  to  a  previous  paper  published  in  the  c olumiwof 
Engineering  ^June  27  and  August  l,ly02)  iu  which  the  thermodynamic  propertite 
of  gaseous  mixtures  during  explosion  were  ioTestigated  in  the  light  of  tae 

>  Published  in  exieiuo  in  Xngineerima,  October  10,  1902,  and  ia  ths  i^T*^* 
October  10,  im 
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•budned  hj  tha  Gas-ongint)  Rdsaarch  CiWiiiittae  of  the  Institution  of  Meeliaiiioal 
'Engineers.  A  linear  relation  to  connect  specific  heat  and  temperature  was 
iraployed,  and  the  pres*'nt  cfne  is  a  consideration,  on  somewhat  similar  lines,  of 
he  results  obtained  in  the  clai^ical  exporiments  carried  out  by  Dugald  Clerk, 
[t  is  ahown  that  witb  yuiable  tpeeillo  heat  oonataatt  and  oooUng  ooneetkms 
based  on  experimental  data  it  ie  possible  to  account  for  the  whole  of  the  heat 
liberated  during  explosive  combiaatioDi  and  that  it  la  gnnocowaiy  to  aasnine  the 
exidtence  of  any  after-burning. 


&  A  NaU  on  Gas-engine  Explonont.   By  J^nteaam  J.  Psbrt, 


9.  3%$  JHreeiion  and  Vdocity  of  MiUerkMearinff  Ocean  Currmti,  with 
Jkaeripticn  anApparahuracenily  <Mgned/ar  JSMimaiimj  the  mxm. 
By  B.  G.  Allahbok-Wirk,  JB.il.,  MJntLCEJ. 

It  api^ears  that  our  present  knowledge  with  respect  to  the  action  of  bottom 
currents  la  yerj  iuoomplete ;  and  that  experiq^enta,  oondoeted  with  great  care  o?er 
length?  periodiy  are  nooeasary  in  order  to  establish  oertain  data. 

A  Lirge  ntimber  of  experiments  nt  mniiy  plnces  would  involve  the  expenditure 
of  considerable  sums  annually,  but  the  aulhnr  is  convinced  that  such  an  outlay 
would  be  by  no  means  thrown  away ;  and  with  the  view  of  making  a  start  with 
actnal  experimenta  he  baa  deai^ed  a  ainple  form  of  cuRent  indicator  bj  meana  of 
which  the  direction  and  Telocity  of  bottom  cunenta  may  be  Tory  approximately 
arrived  at. 

The  instrument  exhibited  is  of  simple  construction,  and  not  liable  to  get 
out  of  order.  It  consista  of  a  very  heavily  weighted  vertical  bar  on  which  rotates  a 
free  rane  capable  of  being  clamped  the  moment  the  appantoa  leafas  the  bottom  on 
which  it  is  restin^r  during  the  registration  of  direction  and  velocitv.  A  compass 
is  attached,  and  this  is  also  clamped  at  the  same  moment ;  so  tliat  tlio  observer,  on 
pulling  up  the  instrument,  ha.<i  been  enabled  to  take  the  depth  of  water  and  the 
direction  of  the  bottom  current.  The  measurement  of  the  velocity  w  arrived  al 
by  the  attachment  to  the  vane  of  a  eunent  meter  of  approved  pattern,  sooh  as 
lievey*8  screw  or  B.  T.  Moore's.* 

This  meter  may  be  also  set  free  on  the  instrument  toachioig  the  bottom,  and 
clamped  the  moment  it  leaves  tlie  bottom. 

In  order  to  guard  against  disturbances  such  as  seaweed,  jelly-fish,  &c.,  &c., 
the  whole  apparatus  can  be  snnk  in  a  cyfindiical  wire-netting  case.  Even  this 
protection  is  not  aufficient ;  ao  it  ia  very  advisable  to  tain  several  aoondinga,  and 
then  take  the  mean  of  these. 

The  author  feels  that  a  great  deal  depends  upon  the  simplicity  of  the  working 
WiU  of  an  instrument  for  sea  observations,  very  delicate  machines  being  liable  to 
m  thrown  out  of  gear  by  unavoidable  rough  usage  and  the  action  of  salt  vrater, 

I  Proj,  Jutt.CE.,  xlv.  220. 
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SionoN  H.~.ANTHROPOLOOY. 

Pkbbidbnt  of  tub  Sbction — A.  C,  Hiddox,  M.A.,  Sc.D.,  F.R.S.,  M.U.I.A. 


THUnSDA  Y,  SEPTEMBER  11. 

The  Proidont  delivered  the  followinjjf  address: — 

So  much  has  heen  written  of  late  on  totemistu  that  I  feel  some  difHdence  in 
burdening  still  further  the  literature  of  the  subject.  But  I  may  plead  a  slight 
dflim  on  your  attention,  aa  I  happen  to  be  an  unworthy  member  of  tbe  Crocodile 
Idn  of  the  Western  tribe  <tf  Torrea  Straits,  and  I  bava  been  recognised  as  auch 
in  another  island  than  the  one  where  I  changed  luunea  witb  Maano,  tbe  chief  of 
Tutu,  and  thereby  became  a  member  of  his  kin. 

I  do  not  intend  to  discuM  the  many  theories  about  totemism,  as  this  would 
occupy  too  much  time  :  nor  can  I  profess  to  be  able  to  throw  much  light  upon  tlie 
problems  connected  ^\  it  h  ii  .  luit  I  chiefly  desire  to  plac^^  Jiefore  you  the  main 
issuer  in  a.s  clear  a  manner  may  be,  and  I  venture  to  oHer  for  your  conaiderataon 
one  way  in  and  some  ways  out  of  totemism. 

A  few  years  ago  M.  Marillier  wrote  *  that  *  totemism  is  one  of  the  rare  forms 
of  culture:  it  is  inevitable  of  evolution  and  transformation,  and  is  intellijiible  only 
in  it3  relations  with  certnin  types  of  stx-ial  organisation.  When  the^e  disappear 
it  also  disappears.  Totemism  in  its  complete  development  is  antagonistic  alike  to 
transformation  or  progress.'  In  due  couxae  I  shall  describe  how  one  people  at 
least  is  enierpinfi;  from  totemism.  At  the  outset  I  \visli  it  to  be  distinctly  under- 
stood tlint  T  do  not  regard  this  tx»  the  only  way  out ;  doubtless  there  have  been 
several  transformations,  but  a  record  of  what  appears  to  be  taking  place  appeals 
more  to  moat  students  than  a  ffuesa  aa  to  what  may  have  happened. 

What  is  most  needed  at  tne  present  time  is  fresh  investigation  in  the  field. 
Those  who  are  familiar  with  the  literature  of  the  subject  are  only  too  well  aware 
of  the  imperfection  of  the  available  records.  There  are  several  reasons  which 
account  for  this.  Some  of  tbe  customs  and  beliefo  aasoeiated  with  totamlam  haT» 
a  sacred  Hignificance,  and  the  average  savage  is  too  reverent  to  speak  Qgbtly  of 
what  toucheH  him  go  deeply.  Natives  cannot  explain  their  mysteries  any  more 
than  the  adherents  of  more  civilised  religions  can  fully  explain  theirs.  Further, 
they  particularly  dislike  tbe  unsympathetic  attitude  of  most  inquirers,  and  nothing 
aUencea  a  native  more  effectually  than  the  fear  of  xidicule. 

Lanjma^e  is  another  ditliculty.  Kven  supposing  the  white  man  has  acquired 
the  language,  the  vocabulary  of  the  native  is  not  sutticiently  full  or  precise  to 
explain  those  diatioetions  which  appeal  to  us,  but  which  aie  immaterial  to  him. 

Granting  the  willingness  of  the  natiTe  to  communicate  his  ideas,  and  tiiat  the 
hindrance  of  language  has  been  overcome,  there  remains  the  difficulty  of  the  native 
understanding  what  it  is  the  white  man  wishes  to  learn.    If  there  is  a  practicaUj 

>  Set.  tU  PMitt,  dei  JMigiont,  znri.  1897,  pp.  868, 369. 
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iaiaperable  difficulty  in  the  investigator  putting  himself  into  the  mental  attitude 
of  the  savage,  there  is  also  the  reciprocal  source  of  error. 

•Oh,  East  is  East,  and  AVest  is  West» 
And  never  the  twain  shall  meet.* 

If  Kipling  is  right  for  the  civilit^ed  Oriental,  how  about  thoae  of  lower  stages 
of  culture  and  more  primitive  modes  of  thought? 

We  must  not  overlook  the  fact  that  the  majority  of  white  meu  who  mix  with 
primitive  folk  are  either  untrained  observers  or  their  tvainiof^  is  such  that  it 
renders  tb'^m  v»'t  more  unsympathetic — one  mig-ht  say  antagoniptir — to  tlio  native 
point  of  view.  I'he  ignora:ice  and  prejudice  of  the  white  man  are  great  hiudxanoea 
to  the  understanding  of  native  thought. 

When  students  at  home  siit,  tabulatei  and  compare  the  sTsilsble  reeovds,  the^ 
get  a  wider  view  of  the  problems  concerned  than  the  investigator  in  the  field  is 
apt  to  attain.  Generalisations  and  suggestions  crystallise  out  which  may  or  may 
not  be  true,  but  which  require  further  evidence  to  test  them.  So  the  student 
asks  for  fresh  observations  and  sends  the  investigator  beck  to  his  field. 

The  term  '  totemic '  has  been  used  to  cover  so  many  customs  and  beliefr  that  it 
is  necessary  to  define  the  connotation  which  is  here  employed. 

It  appears  from  Major  J.  W.  Powell's  recent  account  of  totemism '  that  the 
Algonldn  use  of  the  term  'totem'  is  so  wide  as  to  include  tbe  n  mesentatkm  <tf  the 
animal  that  is  honoured  (but  he  does  not  state  that  the  ai^mai  itself  i.<  called  a 
totem),  the  clay  with  which  the  person  was  painted,  the  name  of  the  clan,-  and 
that  of  the  gens,^  the  tribal  name,  the  names  of  shamanistic  societies,  the  new  name 
assumed  at  |pabsftj»  as  well  as  the  name  of  the  object  from  which  the  in^vidnal  is 
namt  d.  He  disttneU^  states,  '  We  use  the  term  **  totemism  "  to  signify  the  system 
and  doctrine  of  nammp-.'  I  must  confess  to  feeling  a  little  bewildered  by  this 
terminology,  and  I  veuture  to  think  it  will  not  prove  of  much  service  in  advancing 
our  knowledge.  It  looks  as  if  there  had  been  some  misunderstanding,  or  that  the 
AlTOukins  employed  the  word  *  totem'  to  cover  scTeral  different  ideas  because  they 
had  not  definite  terms  with  which  to  express  them.  Major  l*oweir8  definitions 
practically  exclude  those  cults  which  are  practised  in  various  parts  of  the  world, 
and  which  by  the  common  consent  of  other  writers  are  described  as  totemic. 

Professor  E.  B.  Tylor  has  given  ^  the  following  clear  exposition  of  bos  inter- 
prt'tation  of  tbe  American  evidence  :  '  It  is  a  pity  that  the  word  "  totem  "  came  over 
to  Europe  from  the  Ojibwas  through  an  English  interpreter  who  was  so  ignorant 
as  to  confuse  it  with  the  Indian  hunter's  patron  genius,  his  manitUf  or  medicine." 
The  one  is  no  more  like  the  other  than  a  coat  of  arms  is  like  a  saint's  picture. 
ThosH  who  knew  the  Alfronkin  tribes  better  made  it  clear  that  totems  were  the 
animal  sign's,  or,  as  it  were,  crests,  distinguishing  exogamous  clans;  that  is,  clans 
bound  to  marry  out  of,  not  into,  their  own  clan.  But  the  original  sin  of  the 
mistake  of  liong  the  internreter  has  held  on  ever  since,  bringinfr  the  intelligible 
institution  of  tne  totem  clan  into  such  confusion  that  it  has  become  possible  to 
write  about sex  totems  "  and  "  individual  totems,"  each  of  which  terms  ia  a  self- 
contradiction.  .  .  .  Totems  are  the  signs  of  intermarrying  clans.' 

A  reviewerin  'L'AnntfeSoeiologique,'  ii.  1899,  says  (p.  202):  'One  must  avoid 
giving  to  a  genus  the  name  of  a  species.  It  will  be  said  these  are  merely  verbal 
quibbles;  but  does  not  the  progress  of  a  science  consist  in  tbe  improvement  of  its 
nomenclature  and  in  the  clsissitication  of  its  concepts  ' 

Totemism,  as  Br*  Eraser  and  I  nnderstsad  it,  in  its  fully  developed  condition 
implies  tbe  division  of  a  people  into  several  totem  kins  (or,  as  they  are  usually 
termed,  totem  clans),  eacn  of  which  has  one,  or  sometimes  more  than  one,  totem. 
The  totem  is  usually  a  species  of  animal,  sometimes  a  soecies  of  plant,  occasionally 
a  natmal  okjeet  or  phencnneBon,  very  rarely  a  maniitactined  oljeet.  Totemkm 

'  Man,  1902,  Xo.  75. 

*  A  group  that  reckons  descent  only  through  tbe  mother. 

*  A  group  that  leokoos  desoant  only  tiuough  tbe  fsther. 

*  Man,  190t,  Na  1 ;  of.  /sum.  AMtknip,  Itut^  zzviii.  1898,  p.  188. 
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•lao  inTolTW  the  rale  of  exogamy,  forUdding  marriagie  withia  tke  kin,  uA 

BecesiitatinfT  intermarriage  between  the  kins.  It  is  essentially  coTmectod  widi 
the  mfitriarchal  stage  of  culture  (mother-ripht),  though  it  p?i=;^s  orer  intA 
patriarchal  btage  ^father-right).  The  totems  are  n^arded  ktiufoik  mi 
vioteeton  or  beoAueUm  of  the  kinsmeo,  who  re«|wet  tben  and  alvlHi  hm 
Milling  and  eating  them.  There  is  thus  a  recognition  of  "iTt^d  lifltial 
obligations  betweon  the  memben of  Uie  kin  and  their  totem.  Tha  totwiii^i 
eiest,  or  symbol,  of  the  kin. 

Sometimes  all  the  kins  are  daasified  uit<»  two  or  more  groups ;  for  exaafk, 
in  llalNuag,  in  Tome  Siraita,  there  is  a  dual  grouping  of  the  kina»  tke  tMMitf 
which  arenapectivelj  land  and  water  animals ;  and  in  speaking*  of  tlie  latter  gio^ 

informant  vnlunteort'd  tlip  remark,  'They  all  belonfr  to  the  wat<?r;  theTA.-vin 
friends.'  On  th»'  mainland  of  New  Guinea  also  I  found  that  on*»  trmup  of  tb? 
totems  '  stop  ashore/  while  the  other  '  stop  in  water.'  When  no  member  of  » 
group  of  kina  in  a  eommanity  can  many  another  member  of  thaa  mme  gmtft 
that  group  ia  termed  a  phiatej.  An  Auatraliaa  tribe  la  gvnarallj  diwided  iMa 
two  eXOgaraon'^  phrrttries. 

North  America  is  the  home  of  the  term  *  totem,'  and  thons^'h  typical  t>it*^*ai 
does  occur  there,  it  is  often  modilied  by  other  customs.    Ia  AustraUA  we  tL»i 
tme  totemtam  rampant,  and  it  oocnm  in  AiHoa,  where  alao  it  ia  mbjeet  taandl 
modification.   Quite  recently  the  Rev.  J.  Roscoe  haa  published  aa  laytMt 
paper  '  on  the  Baganda,  in  which  he  describes  a  perfectly  typical  ca«»»^  of  totaauaa. 
Among  the  Baganda  there  are  a  numl)er  of  kins,  each  of  which  has  a  tot*o, 
muziro.    The  kin,  kika^  is  called  after  its  totem  ;  no  member  of  a  km  wmj  kili 
or  eat  hia  totem,  thoufrh  one  of  another  kin  may  do  ao  with  impomty.  Bio  mi 
mentkma  hia  totem.   Old  people  affirm  their  fuhen  found  some  things  tajaiMi 
to  them,  either  as  food  or  t<>  their  personal  safety,  and  made  their  children  pronil** 
not  to  kill  or  efit  that  particular  thing.    No  man  may   marry  into  hiii  mother"* 
kin,  because  all  the  members  of  it  are  looked  upon  as  sisters  of  his  motiKa*;  aor 
may  he  many  into  hia  fathet^a  kin  exoept  in  tha  cam  of  two  very  large  IdmL  la 
Ugmida,  royalty  follows  the  totem  of  the  mother,  whilst  the  commoa  people  fbOov 
the  paternal  totem.    Kach  kin  has  its  own  pperial  part  of  the  country  where  ti»« 
dead  are  always  buried.    For  sympathy  or  assistance  the  member  of  a  kin 
tuma  to  his  particular  kin.    From  wiiut  Mr.  Koscoe  says  about  the  uumni 
women  <tf  the  Green  Loeuat  kin,  it  ia  evident  that  the  magical  aspect  of  toConm 
ia  preaent,  as  it  is  in  Auatmlia  and  Torres  Straits.   Tlie  Baganda  are  Aoaalat 
tOtemK  peoph'  who  are  in  an  interesting  transitional  condition  betwecsn  wttb^ 
aidiy  and  patriarchy.    Totemic  practices  also  occur  in  various  parts  of  Asia. 

To  put  the  matter  briefly,  toteuiLsm  cuujii>ts  of  the  following  live  ekmeat*:— 

1.  Social  organisation  with  totem  kinsmen  and  totem  symbols. 

2.  lieciprocal  responsibilities  between  the  kin  and  the  totem. 

8.  Magical  inereaae  '  or  repremion  of  the  totem  by  tha  hinmneo, 
4.  Social  duties  of  the  kinsmen. 
6.  My  tha  of  explanation. 

Totemiam  is  only  one  of  several  animal  cults,  and  it  is  now  necemaiy  to  eomi^ 
certain  culu  that  have  been  teemed  totemic  befoie  I  proceed  with  the  msia  djirt 
of  this  Address. 

'  Joiirn.  Anfhrop.  Tnsf..  xxxii.  1902,  p.  25. 

*  The  first  intimation  of  this  aspect  of  totemism  is  entirely  due  to  the  renaicia 
of  Mesara.  Spenoer  and  OiUen  {Tk^f  Native  Tribet  of  OnUrml  A^istraliM,  im).  Dr. 

J.  G.  Frazer,  apitreciating  the  value  of  these  observations,  extende<i  the  oonceptka 
to  totemism  generally,  .//I'/rw.  Anthrop.  Imt.,  xxviii.  1899,  p.  284>,  read  Deixmber  14, 
lbU8  ;  the  Fvrtiiiffhtiu  Jicrit  /c,  April  l!<99,  pp.  664,  665  ;  qf.  also  *  Israel  and  IMS' 
iem,'  by  S.  A.  Cwk,  /ewigk  Qmui,  BetUm,  April  1902,  pp.  25,  <6  of  reprint. 
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Manilu  [Guardian  Spirit). 

Veiy  widely  ppread  in  North  America  was  the  belief  in  guardian  spirits,  which 
appeared  to  young  men  in  visions  after  prtnrer  and  fantiog.  It  then  became  the 
duty  of  the  youth  to  seek  until  h»  thoiila  find  the  aiiiiiitl  he  had  Men  ia  bit 
trance ;  when  he  found  it,  he  mmlalaj  and  pnaerre  some  part  of  it.  In  amn  when 

the  Yieion  had  been  of  no  concrete  form,  a  svmTinl  was  taken  to  represent  it  : 
this  memento  wa«i  Hver  after  to  be  the  sign  of  his  vision,  the  most  sacred  thin^'-  he 
could  eTer  possess,  for  by  it  his  natural  powers  were  so  to  be  reinforced  as  to  give 
him  soccett  as  a  hunter,  victory  m  t  warrior,  end  even  power  to  see  into  the 
future. 

The  gniardian  spirit  was  obtained  in  various  ways  bvdilfVrMnt  American  tribes, 
but  the  dream  apparition  was  the  most  widely  spread.  Dr.  Frazer  '  calls  it 
'  individual  totem ' ;  Miss  Fletcher  speaks  of  the  object  dreamed  of  (the  waAube 
of  the  Omaha)  as  the  'personal  totem'  or  dnaply  as  the  'totem';  it  le  termed 
bf  the  Al>ronkin  tnamtu,  by  the  Huron  okki,  by  the  Salish  Indians  suiiiB,  and 
nafftial  in  Mexico.  Perhaps*  it  would  be  best  to  adopt  either  wahube  or  mmt&u 
to  express  the  guardian  spirit. 

Miss  Alice  C.  Fletcher  finds  that  among  the  Omaha  -  those  who  have  received 
aimihur  Tlsions,  that  is,  those  who  hare  &b  aame  waMe,  formed  biotberboodt 
which  gradually  developed  a  classified  metnbership  with  initiutoiy  rites  and 
nther  rituals.  Tht  se  religious  societies  acquired  great  power  ;  still  later,  according 
lo  this  observer,  an  artificial  8<MMal  structure,  the  *  prens,'  was  organised  on  the 
Imes  of  the  earlier  religious  societies.  Each  '  gens '  had  its  particular  name,  which 
reliBirred  dtraetlj  or  eymholically  to  its  totem,  and  its  members  pnetised  ezogamy 
and  traced  ihea  descent  only  through  the  father.  <  As  totems  could  be  obtained 
in  but  one  way — through  the  rite  of  vision — the  totem  of  a  "  pens  "  must  have  come 
into  existence  in  that  manner,  and  must  have  represented  the  manifestation  of  an 
anc^tor'a  vision,  that  of  a  man  whose  ability  and  opportunity  served  to  make 
htm  the  founder  of  a  family.'  Mr.  C.  Hill-Tont,*  in  discusdng  the  origin  of  the 
totemism  of  the  aborig*nes  of  British  Columbia,  states:— *  There  is  little  room  for 
doubt  that  our  clan  totems  are  a  development  of  the  personal  or  individual  totem 
or  tutelar  spirit,  as  this  is  in  turn  a  development  of  an  earlier  fetishism.' 

pr.  F.  Boas  points  out  *  that  the  tribes  of  the  northern  portion  of  the  North 
PteiBc  group  of  peoples,  such  SB  the  Tiingit,  Haida,  and  Trimshian,  have  a 
maternal  oiganisation  with  animal  totems:  the  clans  bear  therames  of  their  re.«pec- 
tive  totems  and  are  exopamons.  Thf»  central  tribes,  particularly  the  Kwukiutl, 
show  a  peculiar  transitional  stage.  The  southern  tribes  have  a  nnr»ily  paternal 
organisation,  and  their  groups  are  simple  village  communities  wuich  are  often 
exogamie. 

Dr.  Boas  distinctly  asserts^  that  'the  natives  do  not  consider  thonaelTes 

descendants  of  the  totems;  all  endeavours  to  obtain  information  regarding  the 
supposed  origin  of  the  relation  between  man  and  animal  invariably  led  to  the 
tclhn|r  of  a  myth,  in  which  it  is  stated  how  a  certain  ancestor  of  the  clan  in 
qnettMm  obtained  his  totem.  ...  It  is  evident  that  legends  of  this  character 
Moespond  almost  ezaetly  to  the  tales  of  the  acquisition  of  manitows  among  the 
eastern  Indians,  and  they  are  eviflenre  that  the  totem  of  this  group  of  tribes  is  in 
the  main  the  hureditaiy  manitow  of  a  family."^   This  snaiogy  becomes  still 

'  Tatemirm,  W7,  pp.  2,  n3. 

'  '  The  Import  of  the  Totem,'  Proe.  Amer.  Aaoc.  Adr.  Sci^  Detroit  Meeting,  1897, 
pp.  325  ft. 

'  Tram.  Bmf,  See.  Camaim  (fnd  ser.),  vii..  rect.  2.  1901,  p.  6. 

•  HrpoH  U.S.  Knt.  .Vw.f..  1895  (1897),  pp.  322,  328,  384.  »  L.o.,  p.  323. 

•  lint  Mr.  E.  8.  Uaitiand  points  out  {Folk-lore,  xi.  1900,  p.  Gl)  that  we  have  clear 
evidence  from  the  legends  of  the  descent  at  all  events  of  some  of  the  clans  from 
non-human  ancestors;  and  Mr.  Hill-Tout  says:  'Anitiig  tljc  Salish  tribes  it  is 
HQ iformly  believed  that  in  the  early  days,  before  the  timo  cf  the  tribal  heroes  or 
KTCst  transformers,  the  beings  who  then  inhabited  the  world  partook  of  the  character 
of  both  men  and  animals  assuming  the  form  of  either  apparently  at  wiU.' 
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oleanr  when  we  eooaider  that  each  naa  amon^  theae  tribes  acquires  a  guardian 

spirit,  but  that  he  can  acquire  only  such  as  belong  to  hia  clan.  Thus  a  person 
may  have  the  genoral  c  re^^t  nf  hi?;  clan,  and  besides  use  a**  his  personal  crest  such 
guardian  spirits  as  be  bus  acquired.  This  accounts  partly  for  the  great  multi- 
plicitr  of  combuiations  of  crests  on  the  carrhigs  of  these  people.' 

Tnioughout  a  considerable  portion  of  North  America  there  appears  to  be  a 
mixture  of  vnriously  developed  cults  of  the  totem  and  of  the  manttu.  It  is  not 
perhaps  possible  at  present  to  dogmatise  as  to  the  relative  chronologj  of  these 
two  cults.  Persooally  I  am  in  nvoor  of  the  superior  antiquity  of  tha  totem 
cult,  as  the  conception  of  an  individual  spiritrbelper  appears  to  me  to  be  of  n 
higher  prn  lo  than  the  ideas  generally  expressed  by  purely  totemic  peofdeSyOr 
what  may  be  gathered  by  implication  from  a  study  of  their  ceremonies. 

The  social  organisation  appears  to  be  very  weak  in  some  Califomian  tribes  ; 
our  knowledge  of  the  Seri  in  tuis  respect  ia  Tary  meagre,  but  Dr.  INxon  definitdj' 
denies  '  the  existence  of  tott  mic  grouping  nmong  the  Maidu. 

Accepting  then  for  the  present  the  priority  of  the  totem  cult,  we  find  a 
substratum  of  totemism  underlying  many  of  the  social  organisations  in  North 
America.  Religious  societies  are  a  noticeable  feature  of  the  social  life  of  Kortb* 
west  America  ;  tho^e  societies  hn.vo  the  guardian  spirit  (ynanifu)  as  their  central 
idea,  but  it  appears  if  thi^-  organi;-ation  i.-<  rooted  in  a  clan  -'  system  which  has 
been  smothered  and  virtuuUy  destroyed  by  the  paraj!>itic  growth.  The  problems 
to  be  solved  in  North-west  America  are  very  complicated,  and  we  must  await 
with  patience  further  res'  arrhes.  It  is  pt^rft  i  tly  ♦^vidcnt  from  the  researches  of 
IVisH,  Nelson,  Ilill-Tout,  and  others  that  couiparatively  recent  rrreat  chanp-es 
have  taken  place.  Dr.  Boas  indeed  states  that '  the  present  system  of  uihuii  and 
clans  (of  the  Kwakiutl)  is  of  rce»nt  growth  and  oas  undergone  considerabia 
changes/  '  An  interesting  illustration  of  this  is  found  in  the  alteration  in  the 
organisation  of  the  (Kwakiutl)  tribe  during  the  season  of  the  winter  ceremonial. 
'During  this  ueriod  the  place  of  the  clans  is  taken  by  a  number  of  societies,  namely, 
the  groups  or  all  those  indinduals  upon  whom  the  same  or  almost  the  same 
power  or  secret  has  been  bestowed  by  ona  of  the  spirits.'  *  The  characteristic 
North  American  idea  of  the  acquisition  of  the  manit.u  was  evidently  also  funda- 
mental among  the  Kwakiutl,  as  all  their  tales  refer  to  it,  and  the  whole  winter 
ceremonial  ia  based  on  it. 

I  agree  in  the  main  with  Mr.  Hartland*  in  thinking  that,  'whether  or  no 
totemism  was  anciently  n  part  of  the  tribal  organication,  tne  mavftu  conception  is 
of  modem  date.  It  is  part  of  the  individualism  which  is  tending,  not  among 
these  tribes  only,  to  obscure  the  ddtr  oommnnistie  traditions,' 

Allied  to  the  mnnitn  of  North  America  is  the  m/arong,  or  spirit  helper,  of  the 
Iban  (Sea  Dayaks)  of  Sarawak.  The  Iban  believe  that  the  !?pirit  of  (some  ancestor 
or  dead  relative  may  come  to  them  in  a  dream,  and  this  nyarong  becomes  the 
special  protector  of  ttie  individual.  An  Iban  jonth  will  often  retire  to  some  londy 
spot  or  mountain-top  and  live  for  days  on  a  very  restricted  diet  in  bis  anxiety  to 
obtain  a  vision.  This  custom  is  called  mantjyok.  On  the  following  day  the 
dreamer  searches  for  the  outward  and  visible  form  of  the  nyarongf  which  may 
be  anything  from  a  curious  natural  olgeet  to  tome  one  anima].  In  auch  etaea  tho 
n^aronff  hardly  differs  from  a  fetish.  In  other  cases,  as  the  man  is  unabia  to 
distinguish  the  particular  animal  which  he  believes  to  be  animated  by  his  nynro^rr, 
he  extends  his  regard  and  gratitude  to  the  whole  species.  In  some  instances  ail 
the  members  of  a  maa*s  famOy  uid  aU  his  immediate  descendanta,  and  if  he  be  « 
chief  all  the  members  of  the  oommnnitj  OYsr  which  he  rules,  may  come  to  share 
the  benefits  conferred  })y  the  nyarong  and  pay  respect  to  the  species  of  animal  in 
one  individual  of  which  it  is  suppose  to  reside.    '  In  such  cases,'  Drs.  Hose  and 

»  Bull.  Amer  .Vug.  yaf.  HiH,^  xvii.,  pt  2, 1902,  p.  35. 

*  Matriarchal  totemic  kin.  *        p.  33a. 

«£.tf.,p.418.  •  iUiMiirs,3Ei.p.68. 
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1IeI>oug&ll  iMiaiki^  'tli«  tpecies  approachet  Tcry  dwely  the  clan  totem  in  some 
of  its  TaristiM.'  Hare  we  have  a  paiallel  to  the  North  American  eustony  bat  the 

later  etnges  axe  not  cnrriod  as  far. 

Personally  1  concur  ia  the  opinion  expressed  by  Drs.  Hose  and  McDougall 
that  there  is  no  proof  that  the  peculiar  regard  paid  in  Sarawak  to  animals,  the 
sacrifice  of  animab  to  gods  or  spirit^i,  the  cereuiouial  use  of  the  Uood  of  these 
sacrificed  animnls  are  survivals  of  a  fully  develo]>tKi  system  of  totem  worship  now 
fallen  into  decay.  It  very  signiticant  that  the  magical  and  social  aspects  of 
totemism  are  entirely  lackinjr. 

Those  who  have  read  Ifiit  Alice  Fletcher's  tjmpathetie  account  of  'The 
Import  of  the  Totrra  '  -  cnn  scarci-ly  fail  to  recojmise  tiiat  the  moral  support  due 
to  a  l^elief  in  the  guidnnce  niid  iirotcction  of  a  wahttbe  (*  personal  totem')  is  of 
great  importance  to  the  individual,  aiid  would  nerve  him  m  diliiculty  and  dttuger, 
•ad  thus  ptoriiig  a  rery  preaent  help  in  time  of  need,  it  would  aurelj  inetifj  ita 
existence  in  a  most  practical  manner,  and  consequently  be  of  real  utility  in  the 
struggle  for  existence — a  struggle  which  in  man  has  a  psychical  as  well  as  a 
material  aapect. 

The  advaiit^peB  of  totemism  are  many,  but  noet  of  them  are  social  and  benefit 

the  special  groujra  or  the  community  at  large.  The  hold  that  the  mnnitu  has  on 
the  individual  consists  in  its  personal  relation :  the  man  feels  tliat  lie  himself  is* 
helped,  and  I  suspect  this  is  the  main  reason  why  it  supplants  totemism.  1 
helMTe  Mr.  Lang  some  years  ago  suggested  the  term  mamtmtm  for  this  colt.  If 
this  name  be  not  accepted  I  Tenture  to  propose  the  revival  of  the  word  ^dumon' 
{8<u^u)v)  to  include  the mami^fiyiMi0M(jr, and nmilarspuit helpers,  and* 
as  the  name  of  the  cult. 

Theriomorphic  Ancestor  Worship. 

Dr.  Frazer  calls  attention '  to  a  publication  by  Dr.  G.  McCall  Theal  *  in  which 
he  describes  the  tribal  veneration  for  certain  aniraal^,  siboko.  The  Bantu  believed 
that  the  spirits  of  the  dead  visited  their  friends  and  descendents  in  the  form  of 
aDlnals.  Each  tribe  regarded  some  particular  animal  as  the  one  selected  bj  the 
ghost  of  its  kindred,  and  therefore  looked  upon  it  as  sacred.  Dr.  Frazer  gays: 
*  Thus  the  totemism  of  the  Bantu  tribes  ol  South  Africa  resolves  itself  into  a 
particular  species  of  the  worshin  of  the  dead  :  the  totem  animals  are  revered  as 
meamatiODa  of  the  aonla  of  deaa  ancestors.  This  entirely  agrees  with  the  general 
theory  of  totemism  suggested  by  the  late  S.  G.  A.  '^^■ilken,  and  recently  advo- 
cated by  Profesf^or  E,  B.  Tylor.*  ^  But  is  this  totemism  ?'  The  Kibohn  are  the  re- 
sidences of  the  ancestral  spirits  of  the  tribe,  not  of  a  clan ;  there  is  no  mention  of 
tSMto  exogamy.  Ia  this  anything  more  than  tberiomorphie  anoaator  worship  f 
There  can,  however,  be  little  douot  that  true  totemism  did  occur,  and  probably 
imiversally  so,  amonc-  the  Bantu  people ;  but  some  nf  the  tribes  appear  to  be  in  a 
tranutional  state,  and  others  have  doubtless  passed  beyond  typical  totem isnn  The 
decay  of  the  Bantu  totemfom  in  South  AMca  appears  to  have  bean  mainly  due  to 
a  patriarchal  organisation  combined  with  a  pastoral  life." 

In  describing  Dr.  Wilken's  theorv'  that  the  doctrine  of  the  transmigration  of 
souls  affords  the  link  which  connects  totemism  with  ancestor  worship,  Professor 
lyior  conelndea  aa  foUowa:  '  By  thoa  finding  in  the  world-wide  doetnne  of  aoul- 
tnnaference  an  actual  4Siiiae  pxoducing  the  two  collateral  lines  of  man  and  beast 
which  constitute  the  necessary  framework  of  totemism,  we  seem  to  reach  at  least 
something  analogous  to  its  real  cause.'  I  have  already  expressed  my  beUef  that 
the  aninuil  eidta  of  the  MUiy  Aicbipelago,  so  ftr  aa  thay  are  known  at  preaent, 

*  Joum.  Anihrep.  Intt.t  3azi.  1901,  p.  210. 

-  I 'roc.  Amtr»  Auoe,  Adv,  8e^  Section  Anthropology.  Detroit  Meeting*  1897, 

pp.  825  S. 

*  Mam,  1901.  No.  3. 

*  Records  e/  Sotttk-Mstern  Africa,  vii.  1901. 

*  Joum.  Atithrop.  Tnst  .  xxviii.  p.  MG. 

*  £.  Dorkheim,  L' Annie  SocioUnjiqur,  v.  1902,  p.  330 :  qf.  also  F.  B.  Jevons,  Jatre- 
MtmUill0  BUUfry  of  Jieliffum,  11K)2,  pp.  155,  158. 
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cannot  be  logically  described  as  totemism,  ami  the  miyority  of  the  peoples  of  this 
area  have  so  long  passed  out  of  sayagery  that  we  are  bardly  likely  to  tLod  bers  an 
uneqnirocal  clue  to  the  actual  origin  of  totemism. 

The  Nivwence  paid  to  particular  aaiinals  or  plants  by  oertein  fpx)ups  of  people 
in  Fiji  may,  as  Mr.  Loriraer  Fison  says,'  'look  like  reminiscenc»>s '  of  totemu-m, 
but  he  has  *  no  direct  evidence. '  It  surely  b<'loTi^3  to  the  same  category  as  the 
Samoan  cui»tom  of  which  Dr.  George  Brown  writes :  -  '  in  Samoa  eveiy  principal 
family  hid  eome  animal  which  they  did  not  eat,  and  I  have  always  regaraed  tliia  aa 
meaning,  not  that  they  thought  the  animal  divine,  or  an  object  of  worship,  but 
that  it  was  the  "shrine**  in  wfiich  their  ancestral  god  had  dwelt,  or  which  was 
associated  with  some  fact  iu  their  past  history  which  had  led  them  to  adopt  it  as 
their  totem.*  An  opinion  which  Profeeeor  Tylor  hae  independently  ezpraawd/ 
hut  be  naturally  dissents  from  the  incarnate  god  1)eing  termeci  a  'totem.' 

I  agree  with  Dr.  Codrin^'ton  ^  in  doubting' whether  the  evidence  warrants  a 
belief  in  totemism  as  an  existing  institution  iu  the  Southern  Solomon  Islands.  I 
awpeet  that  totemion  haa  heen  deatroyed  over  a  cooaiderahle  portion  Mdanerift 
hj  the  gmwtb  of  secret  societies  as  well  as  by  theriomorphic  ancestor  wonhip. 
tiwrr  R.  Parkinson,*  however,  proves  true  totemism  in  the  Northern  iSol onion 
labmds  as  the  Key.  B.  Danks  baa  previously  done  for  New  Britain,  Duke  oi  York 
laland,  and  New  Ivdind. 

The  more  one  looks  into  the  evidence  the  more  difficult  is  it  to  find  cases  of 
typical  totemisai;  almost  everywhere  considerable  modification  has  taken  place, 
often  so  much  ao  tiiat  the  communities  cannot  logically  be  called  totemistic  TIm 
magieal  increaae  of  the  totem  hj  the  chmamen  doea  not  appear  to  be  eommoo,  hot 
that  may  he  due  to  its  having  been  overlooked ;  on  Xhfi  other  hand|  magic  may  he 
performed  ngainst  the  totems  to  prevent  them  from  injuing  the  CTOpey  aS  hd  tbo 
case  of  the  '  iieptile  people '  of  the  Omaha.' 

Animal  Brethren, 

Tliroughout  South-eastern  Australia  and  probably  elsewhere  in  that  continent 
there  is  a  peculiar  asaodation  of  a  speeiea  of  animal,  usually  a  bird,  with  each  sex. 
To  take  two  examples  given  by  Mr.  A.  W.  Howitt/  '  the  bird  totema  of  the 
Kumai  are  the  Emu,  Wren,  and  the  Superb  Warbler,  which  are  respectively  the 
"  man's  brother  ' '  and  "  woman's  sister."  .  .  .  AVheu  we  turn  to  the  Kulin  we  tind 
both  the  Kumai  totems  in  just  the  same  position.  In  addition  there  are  also  a 
second  male  and  female  totem,  namely,  the  Bat  and  the  email  Nightjar.'  Mr. 
Ilowitt  careful  to  point  out,  •  They  are  not  true  totema  in  the  sense  that  these 
represent  subdivisions  of  the  primary  classes:  yet  they  are  true  totems  in  so  far 
that  tbey  are  regarded  as  being  the  "  brothers  "  and  "  sisters  ^  of  the  hum&u  beings 
who  hear  their  namee.'  Mr.  A.  L.  P.  Cameron  ^  also  states  that  theee  are '  eome* 
thing  different  from  ordinary  totems.'  Later  Mr.  Howitt say? :  'Among  the 
"VVotjobahik  tribe  Avhich  have  a  true  tolemio  system  theee  were  real  totems 
although  ot  a  peculiar  kind.  Tliey  were  called  yaur,  or  "  flesh,"  or  ngirabul,  or 
mtV,  just  aa  were  the  totems  proper.  Hie  only  difference  was  that  the  Bat  waa 
the  mother  of  all  the  men,  whiie  any  one  foti-ra  was  the  brother  only  of  the  men 
who  bore  it  as  their  totem.  ...  It  is  evident  that  the  institution  of  the  "  man's 
brother  '  and  the  "  woman's  sister  '*  as  totems  is  very  widespread  throughout 
Anatralia.  I  IwTie  traced  it  over  an  extent  of  about  a  thonaand  milea  and  in 
tribes  having  marked  differences  in  language  and  in  social  organisation.  It  seems 
Ut  be  very  peniatent  and  enduring,  for  it  remained  among  the  Kumai  in  full  focce 

'  Ann.  £ep.  BrU.  Nm  Guinea,  1897-98,  p.  136.  *  Ikid^  p.  137. 

•  Jmtm.  Ifttkr»p.  ln$t.,  nviii  p  1 42.  ^  Tkt  MmMtitaUt  1891,  pw  IS. 

»  Ahh.  Ber.  k.  Zool.  Anth.  Eth.  Mv^.  7>rr«2an,  vii.  1899,  Mr.  8. 

•  Jtmrn.  Antkrop.  Intt.,  xviii.  iHSD.p.  281. 

»  J.  O.  Dorsey,  Ann.  Rep.  Bureau  Ethnol,  1881-82  (1884),  p.  248. 
'  Joum.  Antkrop.  Inst.,  XT.  1886,  Pb  416. 

•  lUd.,  ziv.  1886,  p.  360.  >•  JMil.,  xviU.  1888,  pp.  67, 69. 
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after  the  ordlnair  social  orfftnisation  in  claM  diTiaioiiB  and  totema  had  become 
extinct.*  Mr.  Ilowitt  speahs  of  these  rs  *  abnormal  totems,'  and  Dr.  Frazer  • 
calla  them  *  aex  totema.  As  it  appears  moat  desirable  to  distinguish  between 
this  enlt,  wUeh  if  eonflned  to  Atutmlky  and  true  totembm  I  propose,  in  defiiuU 
of  a  distinctive  native  term,  to  call  the.se  reverenced  animals  *  animal  fanlhreil.' 
Although  the  natives  do  not  appear  to  distinguish  nominally  between  these 
animal  brethren  and  ordinary  totems,  it  does  not  follow  they  are  to  be  considered 
at  tha  Muna.  I  am  ealUng  atteatioa  to  m  analogous  oonfnrion  of  tonna  in  the 
totemisni  of  Tonos  Stmts. 

I  must  now  pass  on  to  a  further  consideration  of  true  totemism  as  understood 
by  Ty  lor.  Frazer,  Lang,  Uartlaud,  J  worn,  Durkheim,  and  others,  as  it  is  impossible 
within  the  limits  of  an  AddioM  to  gi?a  aa  teeount  of  all  tha  varieties  of  pseudo- 
toteniMB. 

A  Suggestion  concerning  the  Origin  of  Totojiimn, 

I  take  this  opportunity  to  hazard  a  suggestion  for  a  possible  origin  of  one 
aspect  of  totemism.  Primitive  human  groups,  judging  from  analogy,  could  never 
have  been  large,  and  the  indlvidnala  oomprisiDg  each  group  must  have  heen  closely 
lelated.  In  favourable  arefts  ench  group  would  have  n  tendency  to  occupy  a 
restricted  range  owing  to  the  disagreeable  results  which  arose  from  encroaching 
on  the  territory  over  which  another  group  wandered.  Thus  it  would  inevitably 
oome  about  that  a  certain  animal  or  pllUit,  or  group  of  animals  or  plantJ>,  would  be 
more  abundnnt  in  the  territory  of  one  gp'oup  than  in  that  of  anotner.  To  take  a 
clear  example,  the  sliore-folk  and  the  river-folk  would  live  mainly  on  dilVerent 
food  from  each  other  and  both  would  have  other  specialities  than  fell  to  the  lot 
of  the  jungle-folk.  The  groups  tiwt  lived  on  the  eesshore  would  doubtless  have 
some  natural  vegetable  products  to  supplement  their  animal  diet,  but  the  supply 
would  probably  be  limited  alike  in  (juantity  and  variety.  Even  they  would 
scarcely  have  unlimited  range  of  a  shore  line,  and  there  would  be  ooe  group  of 
ahorfr>folk  that  had  a  speciality  in  crahs,  anotner  would  have  shelM>sds,  while  a 
third  would  own  sandy  shorefl  which  were  frequented  by  turtle.  A  similar  natural 
grouping  would  occur  among  the  jungle-folk  :  fago  Uourisbes  in  swampy  land, 
certain  animals  frequent  grassy  plaios,  others  inhabit  the  dense  scrub,  bamboos 
gtow  in  one  locality,  varioas  kinds  of  Ihiit  trees  thrive  beet  in  dillinent  soils ;  the 
coastal  plains,  the  foot  hills,  the  mountains,  each  has  its  dharacteristic  flora 
and  fauna.    There  is  thus  no  difficulty  in  accounting  for  numerous  small  human 

Soupe  each  of  which  would  be  largely  dejpendent  upon  a  distinctive  food  supply 
e snperflnit^ of  wUeh  could  be  hartereo'  Ibr  the supeiflnities  of  other  groups. 
These  specialities  were  not  confined  to  food  alone ;  for  example,  the  shore-folk 
would  exchange  the  shells  they  collected  for  the  feathers  (Mitained  from  the 
jungle-folk. 

It  may  he  objected  that  in  the  great  prairisa  and  steppes  of  America,  Eurasia, 

and  Australia  the  natural  prodwie  are  very  uniform;  but  these  areas  are  not 

thickly  populated,  and  in  most  esses  they  probably  were  only  inhabited  when  the 
pressure  ot  population  in  the  localities  with  more  varied  features  forced  migration 
into  the  open.  OertMnly  theee  were  never  the  primitive  homes  of  msn. 

In  a  recent  paper  read  before  the  Folklore  Society,  Mr.  Andrew  Lang  put 
forward  the  hypotnesis  that  while  each  primitive  human  g^rmip  called  itself  '  the 
men '  tbey  named  the  surrounding  groups  from  the  names  ol  animals  or  plants,  and 
hence  arose  totemism.  The  idea  that  there  was  an  intimate  connection  between 
the  group  and  the  object  from  which  they  leen  nicknamed  would  soon  be 
develnped,  and  myths  of  orig-in  would  gprirtr  up  to  account  for  the  name.  Mr. 
Lang*8  theory,  still  unpublished,  regards  totem  names  as  given  from  without  for  a 
variety  of  reasons,  amongst  which,  I  understand,  he  includes  my  own  suggestion. 

'  Toteviitm,  p.  61  ;  The  Golden  Bovgh^  ill.  p.  416. 

*  It  may  be  objected  that  the  idea  of  barter  is  by  no  means  primitive ;  but  as  I 
believe  that  eoeiabUity  wea  a  fundamental  cfaataoteiistio  of  priautive  man  I  can  see 
no  reeeon  why  it  should  not  have  occuied  quite  carlj  in  a  mdimentaiysott  of  way. 
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His  conjecture  is  bamd  on  the  similar  names,  or  sobriqnets,  of  villages  in  the 
folklore,  or  blaton  populaire,  of  France  and  England,  which,  again,  is  almost 
identical  with  the  extant  names  of  Red  Indian  totem  kindred  now  counting 
deteeot  in  the  male  Ime.  Similar  plmiomeim  oecur  in  Helaaeikwith  ftmale  Idb. 
Mr.  Lancia  ia  lather  indifiisreDt  to  the  csuses  of  tha  same-giving  so  long  aa  th» 
aame-giving  comes  from  without  and  applies  to  group**,  not  to  individuals. 

To  return  to  mv  suggestion.  Among  the  shore-folk  the  group  that  lived  mainij 
on  milt  aiid  ooeaaicmaltytnded  in  e»H  mif^ht  weU  be  ap(m 
hf  all  the  groups  with  whom  tiiey  came  in  direct  or  indirect  contact.  The  aama 
would  hold  pood  for  the  group  that  dealt  in  clams  or  in  turtle,  and  reciprf^cally 
there  might  be  sago>men,  bamboo-men,  and  so  forth.  It  is  obvious  that  men  who 
peniatentlj  ooHeeted  or  Iranted  a  particular  group  of  aniawla  woold  nBdanCand 
the  liabits  of  those  animals  better  than  other  people^  and  a  personal  regard  fiov 
these  animals  would  naturally  arise.  Thus  from  the  very  bofrinning  there  would 
be  a  distinct  relationship  between  a  group  of  individuals  and  a  group  of  an i mala 
or  plants,  a  relationship  that  primitivelj  was  based,  not  on  even  the  moat 
elementary  of  payehic  concepta,  but  on  the  moat  deeply  aeatad  and  nigant  of 
human  claims,  hunger. 

There  is  scarcely  any  need  to  point  out  that  the  association  of  human  groups 
with  fearsome  animals  would  arise  by  analogy  ver\-  early.  Hence  tiger- man  mad 
crooodile-man  would  natrain  the  ravages  of  those  beasts  (Dr.  Frazer'  describaa 
this  as  the  negative  f)r  remedial  side  of  toteinir  rnap-ic) ;  but  I  take  it  this  was 
not  as  primitive  !i.s  thf  mitritive  alliance.*!.  Tlie  relation  ix  iwt m  croups  of  men 
and  the  elements  has  a  purt  ly  economic  basis  ;  for  example,  raiu  j»  rarely  reouired 
for  itad^  but  as  a  means  for  the  increase  of  vegeuble  food :  similarly  the  naher- 
man  wants  a  wind  to  enable  him  to  pet  to  and  from  his  fisliing  prounus. 

The  next  phase  is  reached  when  man  arrived  at  elementary  metaphv>ical  con- 
ceptions and  endeavoured  by  sympathetic  or  symbolic  magic  to  increase  hij>  lood 
supply.  Natonlly  the  food  or  product  that  eadi  group  would  oidea^ur  to 
multiply  would  be  the  speciality  or  specialities  of  that  group,  and  for  this  practice 
we  now  have  demonstrative  evidence.  Though  this  may  be  an  early  phase  of 
totemism  I  do  not  consider  it  the  earliest :  it  (an  scarcely  be  the  origin  of  totemiam, 
hut  it  doubtless  helped  to  establish  and  oiganise  the  lyttem. 

The  essential  dinerence  between  the  view  advocated  by  Dr.  Fnuer,-  and  tliat 
here  suggested  is,  that  according  to  him  totemism  '  is  primarily  an  organist-d  and 
co-operative  system  of  magic  designed  to  secure  for  the  members  of  the  community-, 
on  the  one  hand,  a  plentiful  supply  of  all  the  eommoditlea  of  which  they  atand^  m 
need,  aad^  on  the  other  hand,  immunity  from  all  the  perila  and  dangers  to  which 
man  is  exposed  in  his  struggle  with  nature.  Each  totem  group,  on  this  theory, 
was  charged  with  the  superintendence  and  control  of  some  department  of  nature 
from  y^bkii  it  took  ita  name,  and  with  which  it  sought,  aa  &r  aa  poesible,  to 
identify  itsell*  Whereas  I  suggest  that  the  association  between  a  gronp  of  men 
and  a  species  of  animals  or  plants  was  the  natural  result  of  local  causes,  and  that 
departments  of  nature  were  not '  assigned  to  a  particular  ^oup '  of  men.  X  think 
it  la  acarcely  probable  *  thai  in  Tery  andant  timaa  oommunttiea  of  men  dionld  haTe 
oigamsed  themaelves  more  or  less  ddiberately  for  the  ])urpose  of  attaining  objeeta 
80  natural  by  raenn^  that  seemed  to  them  so  simple  and  easy.'  I  suspxt  that  if 
there  was  any  deliberate  organisation  it  was  in  order  to  r^^ulate  already  existing 
practices. 

To  UB  it  might  appear  that  these  magical  praetioea  could  be  imdertahen  If 

anyone,  but  this  does  not  seem  to  have  been  an  early  conception.  As  far  as  we 
can  penetrate  the  mind  of  existing  backward  man  there  is  a  definite  acknow- 
ledgment of  the  limit  of  his  own  powers.  The  members  of  one  group  can  perform 
a  certain  number  of  actitme ;  there  are  others  that  they  cannc  t  unoertake.  One 

group  of  men,  for  example,  may  ensure  the  abundance  of  a  certain  kind  of 
animal,  but  another  will  have  power  over  the  rain.  An  interesting  example  of 
this  limitation  is  afforded  ai  Tort  Moresby,  in  British  New  Guinea,  where  the 

>  Ibrtmlgkn^  Bmiim,  1899,  p.  88S.  *£$ccU.,  1889.  886. 
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Mota  immiffraDts  luiTe  to  buy  fine  weather  for  tlieir  trading  voyages  from  the 
flovoerers  of  the  indigtnous  agricultonil  Koitapu.^ 

Tho  remarkable  researchi'S  ni'  Messrs.  Spencer  and  Gillen  in  Centrnl  Australia 
prove  that  it  is  the  functinti  of  tlio  kinsmen  of  a  particular  totem  to  nerform  what 
are  known  as  intichiuma  ceremonies,  the  object  of  which  is  to  cause  tiie  abundance 
of  the  sptaiet  of  anuooAl  or  plant  which  10  the  totem  of  that  kin.  The  deaoriptions 
of  these  ceremonies  are  vn-W  known  to  students.-'  I  have  adduc^'d  further  evidence 
of  a  like  nature,*  nnd  from  what  Mr.  Boocoe  has  Ibund  ia  Uganda  wo  may  expect 
other  examples  from  Africa. 

It  may  be  that  in  eome,  possibly  in  all,  of  the  InstaiiOM  of  sympathetic  and 
symbolic  mat:i(.-  tluTe  is  a  belief  that  wiud  or  sun,  animal  or  plant,  or  whatever 
the  objects  may  be,  are  animated  by  spirits  akin  to  those  ot  liumankind;  but  even  so, 
aa  Dr.  Fraser  *  points  out,  the  action  of  the  magician  ia  a  direct  one  :  it  does  not 
impi  J  the  ■ssistanee  of  other  powers  who  esa  control  the  body  or  spirit  of  those 
objects.  The  data  from  Australia  and  Torres  Straits  point  to  the  conclusion  that 
there  is  a  magical  aspect  of  totemism,  which  is  of  great  economic  importance,  and 
there  ia  no  evidence  that  the  olhciators  at  these  ceremonies  acknowledge  the 
essistanee  of  spiritual  powen  reddent  either  within  the  objects  themseWee  or  m 
the  form  of  independent,  more  or  Isse  supiieBie  beiagSL  The  existing  data  do  not 
deny  their  e.tistence,  they  simply  ignore  uiem  in  the  ceremonies,  and  so  far  they 
are  practically  non-existent. 

Aeeofding  to  the  suggestion  I  hare  ventiured  to  nahe,  the  primitive  totsnue 
groope  ate  their  associated  animals  or  plants;  indeed  these  were  thsir  ehief 
articles  of  diet.  Messrs.  Spencer  and  Gillen  point  out*  that  while  amongst  most 
Australian  tribes  a  man  may  not  eat  his  totem,  amongst  the  Arunta  and  other 
tribes  in  the  centre  of  the  continent  iSban  m  no  restriction  according  to  which  a 
man  is  altogether  forbidden  to  eat  his  totem.  On  the  other  hand,  Uumgh  he  may, 
only  under  ordinary  circumstances',  eat  very  sparingly  of  it,  there  are  certain  special 
occasions  on  which  he  is  obliged  by  custom  to  eat  a  small  portion  of  it,  or  otherwiae 
the  supply  wonld  &il.  The  Arunta  are  a  peculiar  people,  while  they  may  be  primi- 
tive in  some  respects ;  in  others  they  are  not  so,  as  also  haa  besn  pointed  out  bj 
Durkheim."  According  to  the  f*trict  de6nition  of  the  term,  they  are  not  even  a 
totemic  people.  Judging  from  the  evidence  of  the  legends  of  the  Alcheringa  time 
and  the  traces  of  group  marriage  and  mother  right,  Mr.  Hartland '  is  of  o|^iniou 
that  the  present  disregard  by  the  Arunta  of  the  totem  in  marriage  is  a  sta^  in  the 
aloughing  of  totemism  altogether,  whereas  the  c  ?/y?r?;ra,  or  final  initiation  cere- 
monies, indicate  that 'the  organisation  i-i  nndergonig  a  slow  tran^^formation  into 
something  more  like  the  so-called  secret  societies  of  the  British  Columbian 
tribes.' 

The  eatinp"  of  what  are  evidently  the  totem  animals  Ijy  the  Arunta  may  possibly 
be  a  p(  rsist^*nce  from  an  earlier  phase,  but,  without  doubt,  the  totem  taboo  ia 
characteristic  of  totemism  in  full  sway."^  We  have  evidence  to  show  that  under 
certain  conditions  the  tot«n  taboo  may  break  down,  but  this  is  a  later  transfor- 
mation, and  indicates  n  breaking  up  of  the  rigid  observance  of  totemism. 

Mr.  Lang'^  has  made  a  simple  supgeption  to  account  for  the  origin  of  the 
totem  taboo.  Ue  says :  *  These  men  therefore  would  work  the  magic  for  propa- 
gating their  kindred  in  the  animal  and  vegetable  world.  Bat  the  ezistoioe  ol 

*  J.  Obalmers,  FUmeerinf  1m  Nm  Guinea,  1887.  p.  14. 

»  Baldwin  Spencer  and  F.  J.  Gillen,  Th^  Xatire  Trihest  r.f  CmtnA  A«Jff«l&^ 
1899;  cf.  also  J.  G.  Frazer,  Fortnightly  Itn-ierv,  1899,  pp.  r>48,  »3r>. 

•  Folk-lore^  xii.  1901,  p.  230,  and  Mejtort  Camb.  Anthraj).  Expedition,  to  Torres 
Straits,  vol.  v.  (in  the  press). 

*  Loc.  cit.,  1899,  p.  667.  »  Loc.  cit.,  pp.  73,  167. 

•  L' Annie  Socioiogiqnc^  v.  1902.  »  Ilitlh-lore,  xi.  1900,  pp.  73-75. 

*  I  am  fally  awars  that  this  appears  to  cot  the  ground  from  under  my  suggestion ; 
but  the  latter  deals  with  incipient  totemism,  and  I  do  not  see  why  the  totemtaboo 
sboold  not  have  arisen  from  several  causes. 

•  ilfa^  and  lUUgim,  1901,  pp.  264,  265. 
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this  connection  would  also  fiigfest  that,  in  oommoo  ptopriety,  •  man  should  not 
kill  and  ♦■at  liis  animal  or  vegetnble  rdatioDS.  In  most  parts  of  the  world  he 
abstains  Innn  this  uncousinly  behaviour  ;  among  the  Arunta  he  may  eat  sjiarir^dy 
of  his  totem,  and  must  do  so  at  the  end  of  the  cloae-Ume  or  beginning  of  the 
SMBOO.  He  thdfl,  as  »  near  relatioo  of  the  actiMl  kangwoo  or  grnbi^  dedum  tbo 
aea-son  is  np^n,  now  his  nci^'^lihours  may  Ixyin  to  eat  jrrubs  or  kanparooe;  the 
ttiboo  i8  ntl.'  Dr.  Frazer  puts  fortb  two  sug)^»*stions :  '  the  one  is  tlmt  as  animak 
do  not  eat  their  own  kind,  so  man  thought  it  iucuusi&teot  to  eat  his  totem  km ; 
the  other  is  a  hypothetical  idea  of  coacili*tion. 

I  have  barely  touched  upon  the  roiation  of  i*nrial  orfranisation,  with  its  marriage 
taboo,  to  totemism.  It  is  by  no  mt  ans  certain  that  the  8<>cial  regulations  and 
customs,  which  are  so  much  in  evidence  in  a  fully  developed  totemic  aocietj^  were 
primitively  cooneeted  with  toteniaoa.  So  far  aa  the  Arunta  are  conoemed.  Meant. 
Spencer  and  Gillen  believe*  the  '  totemism  appears  to  be  a  primary,  and  exogainy 
a  secondary-,  feature  .  .  .  an<i  that  exoijamic  groupa  were  oeliberately  introduced 
60  aa  to  regulate  mental  relations.'    Jiut  is  this  primitive P 

one  adnita  that  nankind  waa  originally  diatributed  in  amaU  proupay  which 
mult  have  consisted  of  near  kin,  it  does  not  seem  difficult  to  imagine  that  mar- 
riap'?  would  more  likely  take  place  between  members  of  contiguous  grou|M  rather 
than  within  the  groupa  themselves.  The  attraction  for  novelty  must  alwaya  have 
operated,  and  in  the  atruggle  for  exiatenee  there  waa  alwaya  one  advantage  to  he 
gained  by  alliances  between  neighbouring  groupa^  not  only  fnnn  a  commiaaamt 
point  of  view,  but  for  oflensive  and  defensive  purposes.  There  is,  of  course,  the 
eoDverae  of  thUf  as  wiie-stealing  would  lead  to  ieude ;  perhaps  daughter-abductioti 
waa  man  ftequent,  and  thia  probaUy  waa  not  r^garaed  aa  aa  olMnee  ao  aerione 
that  a  mild  scrimmage  would  not  aet  matten  rig^t.  It  would  not  take  long  for 
wont  to  cryatalliae  into  rigid  cuatom^and  custom  ia  alwaya  aopported  by  public 
opinion. 

Social  regulationa  muat  he  later  than  aodal  oonditiona,  and  I  anapeet  thai  the 
privil^ipes  and  tahooa  whieh  run  through  the  aodal  aapect  of  totemiam  fint  aroae 

wbt'n  totemic  grcupj"  were  in  proce«59  of  aggregation  into  more  OOmplez  eom> 
m unities,  and  afterwards  gradually  became  fixed  into  a  system. 

The  facts  to  which  I  have  hitherto  directed  your  attention  fall  well  within 

the  sphere  of  totemism,  hut  I  wish  now  to  indicate  two  interesting  departures 
from  typical  totemii^m,  both  of  which  occur  among  the  Western  tribe  of 
Torres  Straita. 

I  have  alluded  to  the  dual  grouping  of  the  totem  khia  at  Mahuiag,  and  an  ana- 

logons  arrangement  occurred  in  the  other  islands ;  I  pmpofe  to  speak  of  each  proup 
of  kins  as  a  phratry.  Strictly  sjK  fiktng.  a  phratry  is  a  group  of  exogjimous  kins 
within  a  community  ;  that  is,  no  member  of  a  group  of  kins  (or  phratry)  could 
marry  another  penon  beloogin^  to  the  same  phratiy.  Tte  evidence  that  thia  ia  or 
was  the  case  in  the  Weatern  tnbe  of  Tones  Straita  ia  atrong,  but  it  ia  not  nhao- 
Itttely  proven. 

In  Yam,  as  in  the  other  islands,  there  is  at  least  one  kwod,  or  taboo  ground, 
where  aaeied  ceremonice  were  held.  In  the  principal  hcod  in  Yam  there  was 
formerly  a  low  fence  surrounding  a  space  about  thirty-five  feet  square  in  which 
wpre  the  ftlirineR  of  the  two  great  totema  of  the  island.  All  that  now  remalna  is 
several  heaps  of  great  Fusus  shells. 

Two  of^  the  beeps  are  about  twenty«'fiTe  feet  in  length.  Fonnaly  at  the 
aoutherly  end  of  each  long  row  of  ahells  was  a  large  toitle-shell  (tortoise-«iheU) 
ma»k  representing  respectively  a  crocodile  and  a  hammer-headed  shark.  These 
were  decorated  in  various  wa^s,  and  under  each  was  a  stone  in  which  the  hie  of 
the  totem  resided ;  atraldung  fiom  the  front  end  of  each  maak  waa  a  coid  to 
which  nnmeroua  human  lower  jaw-honea  were  faatened,  and  ila  other  end  waa 

•  Fortnightly  lierietr,  1899,  pp.  838-40. 

*  Jawn.  Antkrap,  Iutt,,  mW,  189B,  pp.  S77, 278. 
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Attached  to  a  human  skull,  which  reat«d  on  a  atoDA.  Beside  the  shrine  of  the 
haaiiaMP-lMtdfld  ilMik  was  a  small  beap  of  shellff  which  was  tbe  thiiiie  of  a  aea- 
•nake,  whieb  was  aappoaed  to  have  origiuated  from  the  shark.  Tbete  abrinea 
were  formerly  coverea  owe  by  long  low  hat%  which  like  the  fence  were  decorated 
witb  lar^  Fusus  shells. 

^  Otttnde  the  fence  were  two  beam  of  ahells  wbieb  bad  a  myatieal  oonnection 
with  tbe  shrine :  t  hey  were  called  the  '  navela  of  the  totems.* 

I  have  referre<l  to  the  iTttiefnumn  ceremonies  of  the  Arunta  tribe  of  Central 
Australia  as  being  magical  rites  underttiken  by  certain  kinsmen  for  the  multiplica* 
tion  of  the  totems.  In  some  cases,  apparently,  the  ceremonies  may  take  place 
wherever  the  neo  happen  to  be  eampiiig;  in  other  cases  there  are  dednite  locali- 
ties wherf  they  must  be  performed!,  as  there  are  in  these  places  certain  stones, 
rocks,  or  tree^i  which  are  intimately  connected  with  the  magical  rites.  These 
spots  may  be  spoken  of  as  shrines.  In  the  island  of  Mabuiag  the  magical  cere~ 
mony  for  the  alluring  of  the  dugong  was  performed  by  the  men  of  that  kin  in 
their  own  kicwl,  which  was  r  fixed  spot;  and  doubtless  this  was  the  case  in  the 
other  inlands  of  Torres  Straits,  for  even  in  the  small  islandrt  there  was  a  tendency 
to  a  territorial  grouping  of  the  kins.  This  localisation  of  a  totem  cull  had 
proceeded  one  step  fnrtber  in  Yam  Inland.  Here  we  have  a  dual  syntheais.  Tbe 
chief  totem  of  each  g^oup  of  kins  is  pra<;ticnll\  nlonc  Tvonpnised  ;  in  other  words, 
the  Tftfious  lesser  totems  are  being  alworbed  by  twj  more  important  totems. 
Each  totem  hm  a  distinct  shrine,  and  the  toteui  itself,  instead  of  being  a  whole 
species,  ie  Tiaualiaed  in  the  form  of  a  repteaentation  of  an  individuiU  animal,  and 
tlTn  inmpe  was  spokm  of  aa  t\\o  totem  [auijud).  Indet'd,  the  tendency  to  con- 
crelisra  had  gone  so  far  that  the  ht'n  of  tin?  aurfud  was  supposed  to  reside  in  the 
stone  that  lay  beneath  the  image,'  and  certain  heaps  of  shells  were  the  navels  of 
the  toteoM,  a  further  linkage  of  the  totem  to  that  epot  of  |froond. 

A  suggestion  as  to  the  significance  of  this  transformation  is  not  lacking.  There 
are  various  folk-tales  concerning  a  family  of  brotliers  who  wandered  from  west  to 
east  across  Torree  Straits.  Some  of  them  were,  in  a  mysterious  way,  sharks  aa 
well  aa  men.  Tbe  two  brothmn  who  went  to  Yam  were  called  Sigai  and  Miuauy 
and  each  became  associated,  in  his  animal  form,  wiUi  one  of  the  two  phratriea. 
The  shrines  in  the  k^vod  were  so  sacred  that  no  women  miglit  vi^it  them,  nor  did 
the  women  know  what  the  totems  were  like.  They  were  aware  of  Sigai  and 
Maiau,  but  they  did  not  know  that  the  former  was  the  banimer4ieaded  ahiurfc  and 
tbe  latter  was  the  crocodile ;  tbia  mystery  was  too  sacred  to  be  imparted  to  tbe 
uninitiated.  Wh*'n  the  totems  were  addreaaed  it  waa  alwaya  by  their  heio  namea^ 
and  not  by  their  animal  or  totem  names. 

Main,  another  of  tbeoe  brothers,  introduced  the  cult  that  beara  bia  name  to  tbe 
Murray  Islanders,  who  form  part  of  the  Eastenn  tribe.  He  also  was  identified 
with  a  hammer-headed  shark.  Totomism,  ns  such,  had  practically  disappeared 
from  Murray  island  before  the  advent  of  the  white  man,  and  the  great  ceremoniea 
at  tbe  initiation  of  tbe  lada  into  the  Main  fraternity  were  a  main  feature  of  the 
xeligion  of  these  people. 

In  Yum  totemism  was  merging  into  a  hero  cult ;  in  Murray  lalacd  the  tiana> 
formation  was  accomplished ;  the  one  had  replaced  the  other. 

In  Mabuiag,  one  of  the  Western  Islands,  there  was  a  local  hero  named  Kwoiam 
whose  deeds  are  narrated  in  a  prose  epic.  Kwoiam  made  two  crescentic  omamenta 
of  turtle-shell,  which  blazed  with  light  when  lie  wore  them  at  nighttime,  and 
which  he  nourished  with  the  savour  of  cooked  hah.  These  ornaments  were  called 
totems  (auffud) — presumably  because  the  natives  did  not  know  by  what  other 
i'ai  r  1  name  to  call  them — and  thej  became  the  insignia  of  the  two  groupa  of  kina 
of  Mabuiag.  The  crescent  which  waa  woni  above  Kwoiam's  mouth  was  regarded 
as  tbe  more  important,  and  thoee  kins  which  had  land  animala  for  their  totems 

'  For  the  keeping  of  a  soul  in  an  external  receptacle,  and  for  I>r.  Fraier's  view* 
otj  its  bearing  on  totemism,  cf.  Fitrinightly  Jteriew,  Mar  1899,  p.  »44 ;  The  Goldeth 
BottgK  iii.  1800,  pp.  418-422 ;  and  S.  A.  Cook,  Jemitk  guart.  ^ttinr,  1902,  p.  84  of 
reprint. 


Digitized  by  Google 


750 


REPORT — 1902 


were  called  from  it  '  the  children  of  the  great  totem,'  but  the  water  irr*  ip  r^^ 
called  'the  chUdren  of  the  little  totem.'  There  is  reaeon  to  beiieve  liiat  the  dual 
gioapii^  of  the  kiot  is  ancient.  The  eieedng  Kwoiam*s  emblema  as  the  heed 
totems  of  the  two  groups  of  kins  mu?>t  be  comparatively  recent.  Ift-re  a^raln  the 
primitive  association  of  a  group  of  men  with  a  group  of  natural  objects  obtaia?  m 
the  small  groups  or  totem-kins,  but  in  the  larger  synthesis  a  manufactured  object 
replaoes  a  gnmp  of  animals,  and  this  object  possesses  defloite  magical  powen. 
Tnore  were  two  navel-?lirino.s  cnnnoctt  d  with  the  cult  of  Kwoiam,  which  were 
constructed  to  show  that  the  two  augitd  were  born  there.  When  it  was  deemed 
necessary  to  fortify  the  awjwl — that  is,  the  emblems — they  were  placed  on  their 
TCspeetiTO  navel-alirines.  Fnither,  in  Morsluf  and  the  adjaoent  islands  Kwoiaa 
himself  was  a  totem  {augud).  Thus  in  the  westernmost  islands  of  the  Western  tribe 
the  transition  from  totemism  to  hero-worship  was  in  ]^oceis  of  evolatioai  till  it 
was  arrested  by  the  coming  of  the  white  man. 

To  what  was  this  transforsMtion  duoP  It  is  not  Tory  easy  to  aoeww  Ais 
question.  We  have  evidence  that  in  comparatively  recent  times  a  dMD^  took 
place  in  the  pocial  organisation  of  the  people,  and  that  the  former  matriarchal 
conditions  had  been  replaced  by  patriarchal.  Although  superficially  the  marriage 
system  of  the  Weatam  tribe  appears  to  be  ngiilatMl  br  totemism.  Dr.  Bivma 
aaM  found  ^  that  St  it  natty  a  relationship  system,  and  tnat  deaoent,  rather  tlmi 
totemism,  is  the  regulatinjr  fact<ir.  The  Eastern  tribe,  as  represented  by  th»^ 
Kunay  Islanders,  had  progressed  further  along  this  road  than  had  the  Western 
tribe.  Sneh  a  change  as  uiis  could  not  fiul  to  hsTO  a  disf tuning  effieet  upon  other 
old  customs. 

The  folk-tales  that  I  collected  clearly  indicate  a  mipjation  of  culture  from 
New  Quinea  to  the  Western  tribe,  and  from  the  Western  tribe  to  the  Eastern 
tribe.  I  believe  I  can  demonstnto  the  migration  firom  New  Golnea  of  a  some- 
what broad-headed  people  that  spread  over  the  Western  Islands  bat  hanty 
reached  Murray  Island.  It  if  conceivable  that  the  culture  myths  have  reference 
to  this  migration,  and  that  the  gradual  substitution  of  a  hero  cult  for  totemism 
nuty  be  part  of  the  same  movement ;  but,  on  the  other  hand,  this  social  and 
reUgioQS  change  is  most  thorough  in  Murray  Island,  where,  I  imagine,  the 
racial  movement  has  been  least  felt.  The  isolation  of  Murray  Island  from  out- 
side disturbing  factors  is  very  complete,  and,  as  it  is  but  a  small  island,  a  change 
once  started  might  take  place  both  rapidly  and  effectively. 

It  is  interesting  to  note  that  the  totem  heroes  of  die  Western  tribe  were 
invoked  when  their  votaries  were  preparin;^  to  po  \i^  war.  I  obtained  the 
following  prayer  in  Yam  Island  :^ — *0  Angiid  Sijifai  and  O  Aurjud  Maiau,  lx>th 
of  you  close  the  eyes  of  those  men  so  that  they  cannot  see  ue,'  which  had  for 
its  intent  the  slaughtering  of  the  enemy  without  their  being  able  to  make  a 
defence.  I  was  informed  that  when  the  Yam  warriors  were  fiirbting  they  would 
also  call  on  the  name  of  Kwoitim,  who  belonged  to  another  g^roup  of  islandi*,  and 
on  Yadzebub,  a  local  warrior.  Vadzebub  was  always  described  as  '  a  man,' 
whereas  Kwoiam  and  Sigai  were  relegated  to  a '  long  time '  badt.  ¥tm  the  tsBk- 
tales  it  is  evident  that  Sigai  and  Maian  are  more  mythical  or  mysterious  tiian 
Kwoiam.  W^e  thus  have  an  instructive  series  :  Yadzebub,  the  local  famou?  man ; 
Kwoiam,  the  hero,  who  was  also  a  totem  to  other  people  ;  and  Sigai  and  Maiao, 
the  local  totem  heroes  whose  enlt  was  visualised  in  turtle-shell  imsges,  and  ths 
life  of  each  of  whom  resided  in  a  particular  stone.  Perhaps  it  would  be  mors 
correct  to  speak  of  this  as  the  grafting  of  a  new  cult  on  totemism  rather  than 
to  describe  it  as  an  evolution  of  totemism.  A  transformation  has  certainly 
ooenned,  hut  it  does  not  appear  to  me  to  be  a  gndnal  growth— a  metamorphosv 
in  the  natnral  hiatoiy  sense  of  the  term— eo  mneh  as  the  pouring  of  new  wine  Into 
old  bottles. 

I  hope  on  another  occasion  to  deal  with  the  question  of  religious  and  secret 
societies,  as  the  growth  of  these  has  inviriably  disintegrated  whatever  antsQedbBt 
totemism  there  may  have  bean. 

»  BtiporU  Camh,  Antkrqp,  Eag^Mim  to  2bms  QtrmUi,  v.  *  Kinship'  (in  the  pnm> 
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It  id  highly  pTobtble  that  something'  like  what  was  taking  place  in  Torres 
Straits  has  occurred  elsewhere,  bat  I  cannot  now  enter  into  a  comparative  stadj 
of  the  rise  of  hero  culte. 

Loetd  or  ViUoffe  Exogamy, 

I  have  more  than  once  ^  called  Bttenttim  to  the  faet  tliat  amoofr  aome  Papaans 

marriage  restrictions  are  territorial  and  not  totemUs.  Dr.  Riven*  has  shown  that 
in  Murray  T.-^land,  Plastern  tribe  of  Torres  Straits,  marriages  are  regulated  by  the 
places  to  which  natives  belong.  A  man  cannot  marry  a  woman  of  hia  own 
village  or  of  certain  other  villages.  The  totemic  system  which  probably  at  one 
time  existed  in  this  idand  appears  to  have  been  replaced  by  what  may  he  called 
a  territorial  system.  A  similar  custom  occurs  in  the  Mekeo  district  of  British 
New  Guinea,  JinJ  it  is  probably  still  more  widely  distributed. 

I  was  informed  by  a  member  of  the  Yaraikanna  tribe  of  Cape  York,  North 
Queensland,  that  children  must  take  the  'land'  or  'countiy'  of  their  mother ;  all 
who  belong  to  the  same  place  are  brothers  and  si^^tcr?,  a  wife  raiist  be  talct  ii  from 
another  'country';^  thus  it  appe.irs  their  marriage  restrictions  are  territorial 
and  not  totemic.  The  same  is  i'uuad  amongst  the  Kurnui  and  the  Coast  Murring 
tribe  in  New  Sooth  "Wales.* 

At  Kiwai,  in  tlie  delta  of  the  Fly  River,  B.N.G.,  all  the  rapmhers  of  a  totemic 
group  live  together  in  a  lonf^  houne  which  is  confined  to  that  group.  I  have 
also  collected  evidence  which  proves  there  was  a  territorial  grouping  of  totemic 
elans  among  the  Western  tribe  of  Toxves  Straits.^ 

Within  a  eompaiattvely  small  arsa  we  have  the  following  conditions : — 

(1)  A  typical  totemic  oooununity  with  totemokin  houses  (Kiwai). 

(2)  A  tA^jical  totemic  community  with  territorial  grouping  of  tlip  Iciiv^. 
Although  there  is  totem  exogamy,  the  marriage  restrictions  are  regulated  by 
relationship.    The  former  mother-right  has  comparatively  recently  been  replaced  by 
&ther-ri(?ht,  but  there  are  many  sorvivals  fiom  matriarchy  (Western  tribe, 
Toms  Straits). 

rS)  A  community  in  which  toteraism  has  practically  lapsed,  with  village 
exogamy  and  marriage  restrictions  regulated  by  relatiouship,  patriarchy  with 
survivals  from  matriarchy  (Eastern  tribe.  Torres  Straits). 

(4)  Total  absence  of  totemism  (F),  village  exogamy  (Mekeo). 

I  do  not  asssrt  this  is  a  natural  ssaneneey  but  it  looks  like  one,  and  it  appears 

to  indicate  another  of  the  ways  out  of  totemism.  It  is  suggestive  that  this  order 
also  indicates  the  application  of  the  several  peoples  to  agriculture :  tlie  people 
of  Kiwai  are  semi-nomadic,  those  of  the  Melceo  district  are  firmly  attached  to 
the  land.  This  constraint  of  the  soil  most  have  opmted  in  a  similar  nattner 
elsewhere.''  The  territorial  exogamy  occasionally  found  in  Australia  cannot  be 
explained  as  being  due  to  agricultoze;  a  rigid  limitation  of  hunting  grounds  may 
here  have  had  a  similar  efi'ect. 

In  ofiering  these  remarks  to-day  I  desire,  above  sll^  to  impress  on  yon  the 
need  there  is  for  more  work  in  the  field.  When  one  surveys  the  fairly  extensive 
literature  of  totemism  one  is  struck  with  the  very  general  insufficiency  of  the 
evidence ;  as  a  matter  of  fact,  full  and  precise  information  is  lamentably  lacking. 
The  foundations  upon  which  students  at  home  have  to  build  their  superstmetnies 
of  generalisation  and  theoiy  an  usually  of  too  slight  a  character  to  support  these 


<  Folk-Ion,  xiL  1901,  p.  233 ;  Bead-huUdrt,  Black,  WkUe,  and  Bronm,  1901, 

p.  258. 

*  Jmm.  An(kr«p.  Imi.,  xzx.  1900,  p.  78. 

'  Srit.  Axsoc.  Report,  Dover,  1890,  p.  685. 

*  Frazer,  Toteniim,  p.  IK). 

*  JUportt  Camh.  AiUhrop,  JBsepedition  to  Torroi  Straitt,  v.  (in  the  press). 

*  Cf.  Z'ilmas  MsMfM^  V.  19Qg»  pp.  880, 888. 
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erections  with  much  chance  of  their  permaaenoe.  There  is  only  one  remedy  for 
tliu^  and  thaA  is  mono  eztensiye  uid  more  tliorough  field  won.  The  problenu 

connected  with  totemlsm  bear  upon  many  of  the  most  impoitont  phases  in  the 
social  and  relig^ious  evolution  of  man,  the  solution  of  which  can  onlv  obtained 
within  the  space  of  a  few  years.  The  deUy  of  each  year  in  the  invesU^tion  of 
primitiTe  peoples  means  Uuit  so  much  less  uifoniistioa  is  possible  to  be  obtained. 
There  is  no  exagi^eratioa  in  this.  Those  who  have  m  pnetiesl  experience  of 
backward  man  and  who  h%ye  travelled  in  ont-of-tlie-way  places  can  testify  ft^  \n 
the  surorising  reoiditj  with  which  the  old  order  changeth.  In  sober  earnestness 
I  appeal  to  ul  tliose  who  afe  interested  in  the  his^ny  and  diaracter  of  man, 
whether  they  be  theologians,  historians,  sociologists,  psychologrists,  or  anthropo- 
log^ts,  to  face  the  plain  fact  that  the  only  available  data  for  the  solution  ol 
many  problems  of  the  highest  interest  are  daily  slipping  away  beyond  recorory. 


The  foUowiog  Papsrs  were  lead; — 

1.  Tlie  Initiation  Ceremonies  of  tJie  Natives  of  tJie  Papuan  Gulf. 

By  Rev.  J.  H.  Holmes. 

If  his  friends  can  afford  it,  a  boy  is  isolated  in  the  eravo  at  the  comraencemeot 
of  paberty,  and  he  is  not  lelessed  nntil  his  bair  has  grown  to  its  full  length.  An  old 
man  loou  after  the  boys  and  instructs  them.  There  are  several  taboos:  areing  or 
speaking*  to  women  ;  certain  food  ;  utensils.  The  boy  is  taught  to  }:>e  brave,  and  all 
social  customs  attending  birth,  courtship,  marriage,  and  death,  as  well  as  religious 
duties.  During  the  seclu^on  the  boy's  body  must  not  be  exposed  to  the  sua,  so 
that  they  may  have  strong  bodies  and  grow  Into  big  men.  The  ball-RMHNHr,  fijperv, 
if  shown  and  expbined.  Maaks  play  a  great  part  in  the  move  important  eeremonies. 


8.  The  RdiffioUB  Ideas,  Totems,  Spirits^  and  Godi  qfElema, 

By  Bar.  J.  H.  Holhbb. 

From  certain  customs  and  taboos  it  is  evident  the  natives  of  the  Papuan  Qulf 
were  totemic  peoples,  but  tbey  appear  to  have  partially  passed  beyond  this  phase. 

There  are  four  classes  nf  spirits  :  (1)  Of  those  who  have  died  a  nntu'-il  death; 
(2)  of  those  who  have  died  in  a  fight;  (3)  of  those  who  have  been  murdered^ 
(8)  of  those  killed  by  crocodiles. 

Several  tribes  of  the  Papuan  Gulf  believe  in  gods.  For  example,  Kivavea  is ths 
deified  ancestor  of  the  \'ailala  tribe;  this  is  the  Kivovia  of  the  Toaripi.  who  made 
sago,  betel-nuts,  &c.  Other  gods  of  the  Toaripi  are  Huriisu,  the  chief  god,  who 
presides  over  hosts  of  deities;  occasionally  a  man  is  recognised  as  his  messenger 
{Harohoha)  to  men.  Karisu  is  the  evil  god,  who  presides  over  the  luMt  of  the 
Hub-deitit's-  of  evil.  Ualnro  is  the  goti  v^ho  made  the  pun,  moon,  and  stars,  the  tea 
uuduU  that  ia  therein,  and  the  land  and  what  lives  on  the  land,  witli  the  exception 
of  <K.'rtain  kinds  of  food.  Ivaove  Muialaove  is  the  god  of  death.  Suukroo  is  a  ire»> 
god  who  kills  men.  Hiovaki  is  the  god  of  war  inio  terrifies  the  enemy,  and  only 
those  who  fall  in  battle  go  to  him.  The  banana  has  two  gods,  the  sw«'et  p  -tat  > 
has  one :  the  taro  has  another.  Every  family  of  living  things,  from  man  down- 
wards, has  its  special  god  or  guardian  angel,  for  whom  there  is  a  feeling  of 
lospeet 


3.  Human  SouU  and  OhotU  among  tht  JUalofft  <^  PdUmL 
By  Nbuok  Amnahdals. 

After  summarising  the  sources  of  information  the  paper  describes  the  Maley 

beliefs  as  to  the  various  non-material  elements  and  their  functions  in  man,  the 
ghosts  of  nmrdered  men,  and  the  ether  ghosts  that  arise  from  men  in  an  ill  detintfd 
Biunutr.     It  discuises  the  question  of  kratnat  and  inspired  magicians  ^  the 
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gUo&u  oi  suck  inspired  magicians ;  the  giving  in  marriage  of  the  sou  of  sacli  a  gho&t 
and  the  marriage  proetHioa— 4  ejdone ;  tlw  evolatioii  of  a  loeal  god  firom  raeh  a 
Ifhoat ;  «n4  condudM  with  an  account  of  the  cult  of  Toh  NL 


4.  Corft"Ii}(f!  Magrath^  the  J  risk  Giant. 
By  Professor  JD.  J.  Cunningham,  ^.^.^S^. 


B,  Ona  Skidl  modified  by  Acromegaly.    By  Professor  A.  F.  Dixon,  M.B. 


6.  ExhSbUion  of  Spe/dmBnt  iUuutraUng  Physical  A  nthropoh^y, 
B}f  Frofenor  J.  STMiKoroir,  M.jO,t  F»IiJS»£, 


7.  On  some  Ulster  Souterrains.    By  William  J.  Fennell, 

The  north-eftst  corner  of  Ireland  is  peculiarly  rich  in  evidences  of  prehistoric 
man.  Tliough  no  houses  of  anj  kind  are  known  to  exist  which  are  attributable 
Co  the  Stone  Age,  then  ie  another  daaa  of  built  stmctnn— the  «oi<l«fradi~whieh 
wamy  be  eUimed  as  the  primceyal  architeetine  of  the  counttj,  for  these  sottUrraitis 
exist  in  preat  numbere,  and  fresh  ones  are  constantly  comingr  to  light. 

A  sotUerrain  may  be  dehned  as  a  subterranean  place  of  refuge — and  in  that 
aenae  only,  a  dwelling.  The  entrance  to  mnttermins  js  either  natnraUy  difficult  of 
approach  or  cunningly  hid,  and  its  interior  is  generally  long,  low,  narrow,  and 
winding,  and  beset  with  frequent  barriers,  locally  known  as  *  difliculties,'  through 
which  only  one  person  could  pass  at  a  time,  and  then  only  by  creeping.  If  these 
were  the  abodea  of  peace  this  auccenon  of  bazrieis  would  have  no  meaning, 
although  one  at  the  entrance  might  be  naeful. 

That  they  were  not  burial-places  is  evident,  no  relics  of  early  cremation  or 
remains  of  human  bones,  or,  in  fact,  of  any  kind,  have  been  found  in  them  (hie 
cecently  discovered  at  Stranocum,  near  Ball^oney,  contained  only  a  small  irag- 
nent  of  a  cow  bone.  This  latter  smiterram  m  oonatructed  inaide  a  ralA,and  baa  a 
communication  running  under  the  ramparts  to  the  outer  escarpment — eitlior  as  an 
exit  or  aa  a  vent.  The  built  burying-places  or  sepulchral-chambers  for  cremated 
remains,  such  as  those  at  Uouth  and  New  Grange,  are  far  in  advance  of  the 
90ut49Tam  from  a  building  point  of  view,  and  also  bear  indlcatioiM  of  a  love  of 
decoration  on  stroQg,  if  undecided  lioea,  which  pout  to  a  mora  lecent  and 

advancing-  people. 

The  suiUerrains  are  not  burrows,  but  vaulted  chambers  connected  by  passages, 
well  defended,  and  built  of  dry  masonry  walls  and  roofs,  and  afterwarda  eoTeiea 
up  hy  earth  and  eventually  hidden  by  vegetation.  The  exterior  covering  ia  alwayi 
yidTy  thin,  so  that  in  many  ca^es  they  are  close  to  the  surface.  The  construction 
b  invariably  of  rough  unhewn  stones  from  the  neighbourhood — chiefly  of  smooth 
iee*wom  bonlders,  which  are  found  an  auch  profiidon  in  these  dtalrieta ;  but  in 
Aome  cases  the  stone.^  are  large  and  placed  in  upright  positions,  and  the  roof  is 
invariably  formed  by  the  overlapping  of  one  atone  on  another,  a  qratem  followed 
into  much  more  recent  times. 

The  bairien  are  formed  of  walla  rismg  from  the  floor  almost  to  the  roof,  then  a 
^Moe  of  12  or  more  inches  to  the  next  waU,  which  deaoenda  from  the  ftoSlW 
to  within  15  inches  of  the  floor,  and  leads  in  some  cases  to  a  l«;>T»g  lowtonnu 
16  or  18  inches  high,  with  a  similar  barrier  at  the  other  end. 

No  two  mmUfram*  are  alike  in  pUn;  some  are  straight,  or  almoat  ao,  with 
chambers  branching  off  $  aome  like  the  letter  F  or  W»  ond  some  slightly  circnliv— 
like  that  of  Artole  near  Ardglaas.  Some  are  extremely  short|  while  otheia  are 
tx>ndiderably  over  100  feet  long. 
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The  nouterrain  at  Muckaniore  is  a  solitary  pxample  of  a  two-storey  baildinjf 
entered  from  the  tiela-ievel  to  the  upper  door  and  from  that  to  the  lower  one. 

It  is  impoMiUe  to  asdgn  a  date  to  theae  rough  rode  atructurea,  bat  the 
diminutive  one  St  Connor,  Gounty  Antrim,  has  two  Ogham  stonn  innrted^ 
80  that  at  lea^t  *om^  of  them  must  have  btjen  erect<'rl  much  later  by  a  race  who 
used  au  alphabet.  It  shows  a  distinct  advance  in  building  coa^t  ruction  in  the  use 
of  AHiriflsof  Hiitet  rtonw-  ■■iBclading  the  Ogham  onea — to  tupport  the  loof,  but 
«y«Dm  this  ease  it  seems  to  hare  beoi  simply  a  place  of  lefuge. 


8.  On  sonie  AncietU  Subterranean  Chamberi  recently  discovered  at  Waddon, 
near  Croydon.   By  Obobob  Clinch,  F.GJSf, 

Excavations  for  a  sewer  at  Waddon  House,  near  Croydon,  in  June  1902, 
revealed  three  subterranean  chambers  eat  in  a  bed  of  Thanet  sandy  and  partly 
occupied  by  snnd  whicli  hal  fallen  or  been  washed  into  them.  In  eacli  chamber, 
however,  a  comitact  tloor  wa'?  found  at  about  lo  feet  })elo\v  ^T.nind.  Tlid 
chambers  were  of  beehive  ahupe,  about  7  feet  high  and  12  feet  or  less  in  diameter. 
Esdi  bad  its  independent  entrance  opening^  on  tbe  soatb-sonth-east  ddi^  bnt  so 
otiier  means  of  access  till  the  domt^d  roofs  were  cut  open  by  the  sewer  trench. 

Below  the  sand  which  covered  the  lioors  of  the  chambers  several  cores  and 
chips  of  green-coated  dints  were  found,  with  small  fragments  of  imperfectly  baked 
pottery,  and  larp^er  fragments  of  Romano-British  pottery.  These  gnen-eoated 
tlints  occur  at  the  base  of  the  Thanet  beds,  whereas  tbe  cbambera  were  excavatsd 
10  to  15  feet  above  the  baae ;  the  flints  must  therefore  have  been  procured  lower 
down,  near  Waddon  Station  (where  there  is  an  outcrop  of  the  bed  in  which  they 
ooenr),  and  brought  up  the  hill  to  the  chambers.  This  conld  not  hare  been  dene 
by  rain  wash  or  similar  agencies. 

The  small  dimensions  and  the  form  and  plan  of  the  Waddon  chambers,  the 
absence  of  a  perpendicular  shaft,  and  their  occurrence  in  sand^  difierantiate  them 
entirely  from  we  eo-eaOed '  dene-holes' ;  nor  haYa  they  any  feature  in  ooounoo  with 
the  '  flint-mines '  of  Grime's  Graves  and  CSssboiy,  nor  with  the  beddva-shapsd 
cavities  found  in  the  Isle  of  Purheck  in  IK'^.'?.' 

On  the  continent  of  Europe  the  most  similar  chambers  are  those  at  P&lmella 
in  Portugal,  which  M.  Oartailoac  ascribes  to  sepoldnal  porposss  in  the  latter  end 
of  the  Polished  Stone  Age.'  In  particular,  the  flat  floors  and  hemispherical  vanto* 
like  Bides  and  roofs  are  common  to  both ;  and  the  thickening  of  the  walls  near 
the  doorway — a  provision,  as  M.  Cartailhac  notes  at  PalmeUa,  against  the  special 
wear  and  rubbing  to  whidi  these  parts  are  sulyect — ^recurs  in  two  at  least  of  the 
Waddon  chambers.  Similar  chambers  have  been  nolsd  ia  Brittany  and  els^ 
where.  The  subtf-rraTiean  '  beehive  tombs '  at  Myesomy  also,  are  identwal  in  plsn, 
though  diflerent  in  dimensions  and  material. 

Bones  of  Bos  taunu  (P  lonffifrons),  horse,  dog,  or  wolf,  &c.,  were  found  in  the 
loose  sand  in  the  Waddon  chambers,  bat  no  human  bones;  never thelees,  tkib 
evidence  seems  to  show  that  the  chambers  were  primarily  sepulchral.  Subsequent 
disturbance,  however,  is  indicated  by  the  later  objects  found  in  the  loose  sand, 
and  by  certain  rude  scratches — possibly  medieeval — on  the  curved  roof,  variously 
interpreted  by  diilbrent  observers  as  a  oird,  an  animal,  or  a  boat. 

South-east  and  east  of  Waddon  there  are  many  hut  circles  which  have  besa 
attributed  to  the  Neolithic  As^e.  Tliey  are  circuhir  in  form,  with  marks  of 
entrances  on  the  east  and  south-east  side,  and  exhibit  general  resemblance  in 
dimenskms  and  plan  with  the  Waddon  chambers.  On  the  sleen  ride  of  CSroham 
Horst  (about  three  miles  south-east  of  Waddon*)  traces  of  similar  dwellings  are 
recorded,  and  may  very  likely  have  influenced  the  design  of  the  aepoldirsl 
chambers,  as  so  often  happens. 

The  Waddon  discovery  is  therefore  of  some  importaoee  aa  evidcaee  for  tbe 

»  Proc.  Oeol.  Astac,  viii.  7  (July  1884)  pp.  404-410. 

*  MaUrimtaB,  8  Ber,  II.  (1885)  pp.  1-18;  reprinted  in  Caitailhao*s  Let  Aga  pr^ 
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nse,  shape,  plan,  fte.,  of  ^lohialorie  dweUinn  $  tlie  TftuUed  100&  eat  in  hard  aaiid 

reproducing,  in  general  lorm,  the  interlaced  boughs,  benders,  and  wicker-work 
of  the  ordinary  eurface  hut^  and  the  latexal  passage  the  doorway  of  the  neoUthie 
dwelling. 

The  same  idea  of  infeennent  within  a  hooie  aurvlTed  dmhu^  the  Brome  Age ; 

but  when  cremation  came  into  TOgue,  a  miniature  copy  of  the  ^vme  Age  houae~ 
the  '  hut-um ' — was  sufficient  repository  for  the  ashes. 

The  tradition  of  the  circular  neolithic  hut  was  carried  on  in  the  Celtic  beehive 
dwellinge  of  Ooniwall,  Wales,  Scotland,  Ireland,  and  Gaul,  and  probaUy  in  the 
circular  buildings  of  subsequent  English  architecture.  The  Bronze  Age  dwellings, 
on  the  other  hand,  wliich  are  reproduced  in  the  *  hut-urns,'  may  be  regarded  as 
the  prototypes  of  the  sq^uare  or  angular  forms  of  ecclesiastical  and  domestic 
•xofaitectiue. 


9.  ITndinmunJ  DweUinffs  in  the  Briii^  Jde$. 
By  Datid  MacRitchib,  F,S,AJ8eot. 

The  piimitive  underground  halutatiooB  descrihed  hi  the  paper  aie  ,t^pieal  of 

a  class  01  structure  apparently  existing  at  one  time  throughout  the  Britisn  Isles, 
though  the  (greater  part  of  the  specimens  now  remaining  are  found  in  Ireland  and 
Scotland.  It  is  hardly  possible  to  conceive  of  human  dwellings  more  archaic  in 
eharaeter,  and  yet  eone  of  them,  if  not  all,  belong  to  times  that  are  quite  historic. 
Two  specimens,  one  at  Grichton  in  Mid-Lothian,  and  the  other  at  Newstead  in 
Roxburghshire,  must  have  been  built  after  the  arrival  of  the  Komans  in  Britain — 
and  probably  a  long  time  after  that  date — ^for  the  reason  that  a  number  of  dressed 
stones  with  Roman  ornamentation  have  been  ussd  in  their  oonstmetion,  presum* 
ably  taken  from  Roman  ruins. 

Tli!\*  t\u'^^'  iinrlergTonnd  etructures  were  used  as  places  of  human  abode  is 
obviouii,  because  they  contain  domestic  utensils,  such  as  hand-mills  and  personal 
onuunents,  aa  well  as  the  broken  hones  of  sanimals  used  by  man  as  food,  in  a  few 
instances  they  liavo  a  fireplace,  hut  this  is  very  exceptional.  LUce  the  similar 
dwellin<z8  of  the  Eskimos,  these  underground  habitations  are  so  well  protected 
from  the  cold  of  even  the  keen^t  winter  that  a  fire  is  not  necessaij,  and  oil  lamps 
suffice  for  heating,  lighting,  and  cooking.  From  their  characteristics,  therefim^ 
these  underground  struotuies  quite  justify  the  name  of  'earth-house,'  which  is 
I^Ten  to  thorn  in  the  Norse  sagas  ana  also  in  living  popular  speech. 

In  appearance  thev  vary  considerably,  but  most  of  them  have  their  roofs  about 
a  foot  or  two  below  the  surface  of  the  groimd,  entrance  being  obtained  from  abov» 
by  one  or  more  downward-slanting  passi^ee.  They  are  built  of  rough,  undressed,, 
unmortared  stone-,  the  walh  gradually  eonveri/ing  until  they  meet  in  a  '  Cyclo- 
pean '  or  *  fals*' '  arch,  completed  by  large  flagstones  laid  across.  In  some  cases 
their  very  small  dimeu^ioos  support  the  traditional  beiiei  that  they  were  built  for 
a  dwsifiui  nee. 


FIIIDAY,  SEPTEMBER  12. 

The  following  Papers  and  Eeport  were  read ; — 

1.  Thi  Oldest  Bronze-age,  Ceramic  Type  in  Britain  :  its  Close  Analogies 
on  the  Rhine  ;  its  Probable  Origin  in  Central  Europe,^  By  the  Hon. 
John  ABERCROMfiY. 

The  oldest  Bronze-age  type  of  pottery  in  Britain  is  the  Mrinking-cup/  for  which 
it  is  proposed  to  substitute  the  shorter  term  '  beaker.'  Thurman  recognised  three 
types,  designated  a,  d,y.  Twenty  examples  of  a,  sixteen  of  fi,  and  seventeen  of  y, 
sie  iUttsfcmted.  Type  a  seems  to  he  the  oldest  and  y  to  be  derived  from  it; /3  has 
a  diiRvent  seoondaiy  origin  from  a.  Twentj-fi¥e  intennents  are  dssoribed  in 

I  Will  be  published  in  emitim  in  the  Jourma  t/the  Antkr^folsgM  InsHhtie, 
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which  the  Veaker  was  accompaniod  by  ancient  objects ;  three  irith  luge  flint 

dag-t^er?,  three  with  Imttons  with  the  V-shaped  perforation  below,  and  five  with 
stone  wrist-guardti,  all  of  which  objects  belong  to  the  later  Deolithic  period  oa  the 
Continent  None  of  the  objects  found  widt  theiemaining  fourteen  interments  are 
of  later  date  than  the  thin,  nat,  broad  knife-dagger.  As  no  other  ceranaic  type  in 
Britain  can  show  such  fi  ]iediprree,  it  is  clear  that  th*^  beaker  is  the  oldest,  though 
before  it  died  out  several  other  types  of  fictilia  came  into  use.  The  beakers  found 
with  food- vessels  and  burnt  interments  are  shown  hy  their  form  and  ornament  to 
bdong  to  a  fftther  late  period.  As  ornanMiitation  is  a  very  imporCant  fttlgaet^ 
fifty-nine  examples  taken  from  the  three  types  are  exhibited  and  contrasted-  Som& 
later  developments  are  pointed  out.  The  oruameut,  like  the  form,  points  to  a 
ditierent  secondary  origin  for  a  and  ^j. 

Tkb  localitiet  where  beakers  have  been  fotmd  in  Great  Britain  and  Ir^nd  are 
diown  on  a  map.  Though  ^  is  the  least  represented  numerically,  it  has  the 
wid^t  ditl'uflion.  It  extends  from  the  coast  of  Sussex  to  Sutherlana — perhapa  to 
the  Shetlands — and  is  the  only  type  at  present  known  in  Ireland. 

Ten  photographic  examples  or  tvpe  $  from  the  Rhine,  hetween  CoUens  and 
Mainz,  are  compared  with  ten  Rritisu.  The  ornament  of  tbc  Rhenish  examples  U 
shown  on  a  slide  and  compared.  Some  of  the  ornamt  ut  on  the  Rhenish  beakers 
is  borrowed  from  a  dili'ereat  type^  known  as  the  '  bell-shaped  beaker.'  This  jpar- 
tieobur  system  of  omameatatioit  is  not  found  west  of  the  Ithine  Valley,  south  of 
the  Danuhe,  esst  of  ahont  the  loogituds  of  Vienna,  or  north  of  the  latitude  of 
Berlin. 

The  origin  of  type  a  can  only  be  suggested,  not  demonstrated.  Its  form  seems 
derivod  maa.  the  much  eaiiier  Sekmtr-beeher  and  its  later  off-ehoota,  a  few 
examples  of  whidi  will  he  exhibited  on  a  slide.  But  the  practice  of  distributing 
the  ornament  in  zones  or  bands  is  probably  owin>r  to  the  influence  of  the  'bell- 
beaker,'  one  example  of  which  is  shown.  This  is  an  extension  of  Dr.  Qdtze*s 
theory.  Type  3  is  derited  from  a  type  much  morelnfloeneed  hy  the  *  ball-heaker,* 
though  some  examples  of  it  are  perhaps  merely  later  modifications  of  the  '  beU* 
beaker.'  In  type  a  the  influence  of  the  '  bell-beaker'  is  much  less  direct,  so  that, 
supposing  both  a  and  /3  are  off-ehoots  of  the  '  oord-beaker,'  they  haye  different 
secondary  origins,  but  go  back  to  a  common  form  at  a  point  in  time  many  centnnss 
earlier.  But  the  possibility  is  not  excluded  that  the  origin  of  3  is  to  be  refemd 
entirely  to  the  *  bell-beaker,'  in  which  cafe  a  and  :i  have  an  independent  ori<rin. 

The  areas  in  Central  Europe  where  the  '  cord-beaker'  and  its  otl-shoots, as  well 
as  the  '  bell-beaker,'  are  found,  are  Northern  Bohemia  and  the  rei^nou  of  the  Saale, 
a  western  trihutaiy  of  the  Elhe.  As  a  fiUly  developed  type  /3  occurs  on  the  RhinsL 
both  at  the  centra  of  Its  oouise  and  near  its  mouth.  From  the  Rhine  it  passed 
over  to  Britain. 


2.  On  Objects  of  the  Plateau  Kind  from  the  Interglacial  Gravels  of  Ireland, 

By  W.  J.  Knowles. 

A  few  years  ago  I  obtained  from  Mr.  Benjamin  Harrison  a  selection  of  plateau 
implements  from  the  South  of  England.  I  fbund  that  the  fhrnss  and  style  of 

workmanship  were  not  new  to  me,  as  I  had  met  with  somewhat  similar  objects  in 
Ireland.  These  mostly  belonged  to  the  class  which  I  had  often  described  as  the 
older  aeries  of  Irish  flint  implements.  The  Irish  objects,  like  the  English  plateau 
implements,  showed  in  most  cases  a  dark -brown  patina  and  'the  fashion  of 
chipping  the  flint  perpendicularly  through  the  thickness.'  Lately  I  have  obtained 
from  gravels  of  intcrglacial  age  in  Galgorra  Parks,  Co.  Antrim,  flints  showing 
the  same  warm  brown  patina  and  the  *  perpendicular  chipping  through  the 
thickness.'  Among  the  Irish  specimens  is  one  fairly  large  object,  5^  inch«« 
long,  which  is  not  unlike  a  palaeolithic  implement  in  outline,  but  the  only 
dressing  it  shows  is  of  the  perpendli  ular  kind  round  the  sides.  It  fits  the  hand, 
and  w^ould  be  a  useful  implement  for  striking,  if  stunning,  not  cutting,  were  the 
object  in  view.  It  resembles  some  of  the  English  plateau  examples  in  shape, 
but  is  much  laigor.  Thalrishspscimensareasyetfew,  asldonotlmowofaliy* 


Digitized  by  Google 


TRAMSACTIOKS  OF  SECTIOH  H 


757 


one  except  m^&elf  who  has  collected  them  ;  but  if  attention  were  drawn  to  tbem  I 
bidieve  the  nmnber  of  them  oould  be  gnatlj  iaereaMd.  The  definition  given 
above  is  from  a  very  in-tructive  and  temperate  ptper  by  Mr.  R.  D.  Darbi- 
shire,  F.S.A.,  to  the  .Manchester  Literary  and  Fhilosophical  Society.  He 
believes  in  the  artiiicial  character  of  the  iniplementa.  There  are  two  aueations 
whicb  it  eppeaie  to  me  ebould  be  solved  in  re^rdto  tb«ee  implements;  (1)  Whet 
useful  object  could  the  perpendicular  chippinff  servo  to  man  P  and  ('2)  If  not 
artiGcial,  what  force  in  Nature  can  dress  so  many  objects  alike  with  chippijlg  that 
has  all  the  appearance  of  being  artiticial  in  character  F 


3.  On  SUm$  Am  Factories  near  Cu^endaU,  Co,  Antrim, 

By  W.  J.  KH0WLI8. 

There  are  several  centres  where  stone  axes  baTO  been  manufactured  in  the 
neighbourhood  of  Cushendall,  but  they  are  most  numerous  in  Glen-Ballyemon. 
One  well-marked  sitei  in  a  Oeld  belooging  to  Mr.  Richard  McCony  in  the  town- 
land  of  Tamwaharry  or  Tavnsghharry,  was  observed  about  three  years  ago  on  the 
natural  pasture  bemg  broken  up.  Many  axes  in  the  rudely  di^pped  tiate  were 
found  in  it — some  whole,  otliers  broken,  probably  in  the  course  of  manufacture. 
2dixed  up  with  these  were  pick-like  objtK:ts,  scrapers,  and  numerous  rounded  balls 
(evidentlT  hammer-stones)  of  the  same  kind  of  stone  as  that  from  which  the  szea 
were  made;  flakes,  too,  were  in  great  abundance.  Many  of  the  flakes  showed 
dressing  or  marks  of  use  along  the  edges.  The  ti^  ld  containing  ther^e  objects  has 
an  elevated  |K)eitioD,  and  commands  a  tine  view.  There  wa.s  probably  an  encamp- 
ment at  this  place,  though  1  could  observe  no  ^igns  of  kitchen- middens  or 
remains  of  food,  such  as  split  bonee.  On  walking  away  from  this  centre  flakes 
and  other  signs  of  manufacture  grew  less  frequent,  and  eventually  ceased. 

Another  site  was  found  on  the  farm  of  Mr.  James  Quinn  in  CI' iiirheen.  The 
signs  of  industry  appeared  tliickebt  around  a  damp  spot  (probably  au  ancient 
weU>  ui  a  field  near  bis  bonee.* 

Other  sites  are  found  on  ^Frs.  Darragh'a  farm  in  Cloughe,  near  the  top  of 
the  ridge  separating  Glenaun  from  Ballyemon,  in  Muroo  and  Knockans. 
Other  centres  of  manufacture  are  found  around  Tievebulli^h,  a  prominent  peak 
1,846  feet  high ;  and  setefal  eitee  containing  many  objects  oftliekind  ennraerated, 
with  large  quantities  of  flakes,  were  found  near  the  top  of  Tievebulliagh  itself. 
These  when  discovered  were  in  a  perfectly  undisturbed  condition.  Implements 
and  flakes  similar  in  kind  to  those  described  have  been  found  in  Glenarifi', 
Qknaan,  and  Olendun,  indieating  sitee  of  mannftetare^ 

The  rock  from  wbidi  most  of  the  axes  are  formed  is  not,  I  think,  native  to  the 
district.  It  is  of  a  close-grained,  bluish  kmd,  and  appears  to  he  metamorphic.  It 
occurs  in  the  valley  in  the  form  of  boulders  showing  glacial  stri»,  and  weighing  from 
aboat  two  pounds  vp  to  several  hundredweight.  Many  of  the  burger  booKlerB,  some 
of  which  are  firmly  embedded  in  bouldear  day,  have  been  hammered  and  flaked,  in 
order  no  doubt  to  procure  large  flakes  or  spalls  for  axes.  Over  six  hundred  whole 
axes  and  about  as  man^  broken  spedmena  have  been  obtained  from  the  various 
sites.  The  flakes,  which  an  all  of  the  Und  prodnced  In  the  wiannfceture  of 
impleiments,  are  i;i  thousands.  Sometimes  at  a  short  distance  they  appear  lika 
pieces  of  rooHng  slate  that  have  been  broken  and  scattered  over  the  field. 

While  some  of  the  axes  are  finely  finished,  others  are  very  rude.  All  stages 
in  the  mannfactore  can  be  easily  traced.  We  see  the  boulder  with  a  few  dupe 
removed,  also  speoinens  showing  more  and  more  chipping,  till  we  reach  toe 
completed  axe.  Some  of  the  ruder  kinds  are  crooked,  unsymmetrical,  and  some- 
times so  blunt  at  the  part  intended  for  the  cutting  edge  that  one  would  he 
inclined  to  regard  all  these  ss  failures;  but,  judging  from  some  rude  specimens 
that  have  been  partly  ground  and  polished,  I  have  come  to  the  oondoiioa  that  a 
pieoeof  good  MMdc  was  not  rejected  CO  lOMiint  of  its  not  workuig  troe.  'When  a 

*  There  is  a  hullaun  stone  on  the  ditch  opposite  this  place. 
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lump  could  not  be  removed  by  the  hammer-stone,  or  a  thick  edge  could  not  be 
maoe  finer,  it  ftpfMis  to  me  that  tbe  specuneoe  tSwmag  endi  aefecte  wmn  wot 
legsrded  as  failures,  but  that  all  was  set  right  by  patient  grinding. 

The  axes  are  of  varioug  dzos.  One  fine  specimen  is  14J  inches  long-  and 
weighs  S|  lb.;  some  weigh  5  lb.,  others  4  to  3  lb.  The  aTerage  spedmen  would 
weigh  About  1  Ib^  and  some  sidmI  ehiael<4ihe  objects  onlj  1  os.  or  2  oi. 

Lookinfl^  over  a  eoUection  of  poiiahed  atooe  axes,  I  find  ▼arioas  tjpes,  some  of 
which  might  be  considered  of  a  newer  pattern  than  others,  either  introduced  or 
developed  from  an  older  type ;  but  we  Had  here  most  types  among  the  rudelj 
made  apeeimeos— edges  UMmiiw  vaikma  fonna  of  enrve,  expanding  edges, 
aquared  sides,  swages,  and  even  nteheiMQiddfln  typea  all  made  in  theae  fixnas 
at  the  fiiat,  and  appaxeatly  oontomporanaoiia. 


4.  The  Manu/aeiure  of  Arrow-  and  Spear-heads.    By  W.  J.  Khowles. 

The  majority  of  Irish  flint  arrow-  and  spar-heads  are  made  from  flint  6a]vr«. 
Many  specimens,  even  when  highly  tiuished,  bhow  traces  of  the  bulb  ol  percuBSiou 
or  of  the  ridge  on  the  back  of  the  flake.  In  some  the  plain  undreaiad  lid^  of  the 
flake  still  fmiains,  the  cdces  only  bt^iri)?  slio-hlly  dn'85<'d.  There  are  examples 
8bowin<r  a  ptt-ra  or  barbs  at  tbe  base  with  the  natural  point  of  the  flake  to  net  i» 
the  point  of  tiie  arrow.  Sometimes  in  Mich  objects  there  is  a  slight  trimming  at 
the  eztfome  point.  We  aometimea  aee  apoamenB  with  barba,  bat  Uimt  and 
unfinished  points.  At  same  time  we  find  nicely  dressed  points  with  undressed 
butts.  There  arn  arrow-heads  well  finished  at  both  butt  ana  point,  but  so  crook*^ 
that  one  cannot  see  how  they  could  be  made  serviceable.  In  many  cases  we  can 
aee  that  great  effbrta  have  been  to  neutialiae  by  woric  the  enrve  of  the  ilalre.  b 

•  large  aeriee  where  both  ^ood  and  poor  apeeimens  have  been  collected,  the 
Tarioufl  .'itas'eg  of  workmanship  can  be  seen,  from  the  first  beginnings  up  to  those 
very  fine  and  perfectly  chipped  specimena  which  are  so  thin  that  they  are  almost 
tranaparent. 

All  eoUeetora  of  flint  implemente  must  have  specimena  audi  aa  ate  mentioned 

above,  nnd  have  no  doubt  observed  the  various  stages  in  the  process  of  manu- 
iacture  of  arrow-  and  spear-heads  ;  but  there  is  another  kind  of  rude  dint  objects, 
of  *  leaf  ahape,  foond  occaaionally  on  mannfaeturing  sitae,  which  hia  not  been 
ohawved,  or  at  loaat  noted,  aa  nr  as  I  know,  by  collectors.   Theae  are  ovate 

or  oval  objects,  varying  from  4  to  2  inrhes  in  length,  the  flaking  on  which, 
being  coarse  and  irregular,  must  have  been  produced  by  blows  from  a  hammtf^ 
atone.  Some  specimena  have  evidently  been  made  from  small  boulders,  some  froB 
half-boulders,  and  otheia  from  ooaiae  flakes.  They  are  ao  rude,  some  being 
without  points,  that  they  could  not  be  used  in  their  present  condition  as  in  r'  - 
ments,  but,  I  believe,  were  blocked-out  epear-  and  arrow-heads,  which  were 
intended  to  be  worked  into  useful  implements  by  means  of  a  flaking  tooL  No 
hoard  of  auch  objects,  so  far  as  I  know,  has  been  found  in  Ireland ;  but,  hanag 
lonp"  put  articles  havin<r  similar  peculiarities  together,  I  find,  on  countinij  "P 
after  thirty  yearfl,  that  I  have  nmimulated  over  200  specimens  of  thes*^  rude 
objects.  Thev  come  from  various  weli-knowa  sites — Whitepark  Bay,  Portstewatt, 
Glenhead,  Glenleelie,  Threetowns,  and  Foiked  Bridge  in  the  Braid  dietriet, 
Culbane,  Co.  Derry,  &c. 

In  America,  round  Washington,  Mr.  W.  H.  Holmes  has  found  work:<hop« 
where  American  tribes  had  chipped  down  rounded  boulders  into  leaf-shaped 
Uadea,  not  for  use  in  that  ooodition,  but  in  Older  that  they  might  more  eaaOy  bs 
cnrried  to  otln  r  sites  to  be  manufactured  into  arrow-  and  spear-beads.  Sir  John 
Evans, '  Ancient  Stone  Implempnts,'  2nd  edit.,  p.  35,  mentions  a  find  of  thirty-four 
auch  objects  as  I  have  described  from  Old  Deer,  Aberdeenshire.  Dr.  Monro, 
'  Prehiatorie  Sootland,'  p.  367,  mentiona  a  aimilar  houd  of  *  thirty^fonr  llinta  woAsd 
roughly  to  a  leaf  shape,'  and  another  is  described  by  I>r.  Joseph  Anderson,  ai 

*  A  deposit  of  flints  worked  to  a  leaf  shape  found  at  Bulwark,  Old  Deer,  Aberdeen- 
shire.'  These  finds  seem  to  be  one  and  the  same,  and  from  the  figures  shown  in 
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Dr.  Andenon's  paper  I  lietieve  the  oUeete  to  he  rimiler  to  thote  whieh  I  here 

collected.  He  sums  up  in  hia  paper  toAt' We  Lave  here  die  material  partially 
-manufactured,  rnughly  blocked  out  for  arrow-  and  apear-headey  10  treated  that 
thiej  could  eaflilj  be  transported  to  a  distance.' 

That  these  rough  Irisn  specimens  represent,  therefore,  a  stage  in  the  manu- 
facture of  spear-  ara  arrow-Leads,  I  have  no  dottotiaDdthej  seem  to  form  a  series 
firom  the  rttde  to  a  more  hiiphly  finished  state. 


9.  On  a  r0eefU  IHwfmry  of  Palaoiiikie  Impkm0ni$  in  Plaitau  Cfrm9d$ 
qflptwieh.   By  Miss  NiVA  F.  Latard. 

The  depoeit  in  question  appears  to  have  been  formed  under  post-Qladal  con- 
ations, somewhat  resembling  tliose  wLich  obtain  at  Iloxne.  The  area  hitherto 
examined  does  not  exceed  5^  ft  ot  by  30  feet,  but  it  Las  yieMed  twenty-seven 
implements  representing  fifteen  diijtinct  varieties,  a  fairly  complete  assortment  of 
palsBolitbic  types.  Pointed  implements  predominate ;  the  majority  conveniently 
bumped  for  holding,  but  one  snarpened  at  the  butt,  so  that  it  conld  not  have 
been  held  comfortably  unless  bafted.  Two  ntlier  implement sLow  depres- 
sions whicli  mip-ht  have  received  a  Laft.  The  clumsier  tools  would  appear  to  have 
been  specially  htted  for  agricultural  purposes. 

One  implement  seems  to  show  traces  of  previous  irorking,  for  the  flint  was 
alxeadj  of  toe  deeired  shape  before  its  thick  white  coatiiig  was  formed. 


6.  Onarecmt  Find  of  Palceolithic  Flint  Impleniente  at  Knowle,  Wiltshire, 
By  Wm.  CuNNmoTOK,  F,GJS.,  and  Wm.  A.  Cunnimoton,  Ph.D. 

In  a  gravel-pit  near  ivnowle  Farm,  on  the  borders  of  Savernake  Forest,  Wilt- 
ehire,  there  hate  been  foond  within  the  last  year  and  a  half  a  large  number  of 
palaeolithic  flint  implement.a.  Some  are  very  cleverly  flaked,  in  this  respect  almost 
resembling  neollths,  whilst  others  are  exceedingly  rude,  almost  shapeless,  anddiffi- 
eult  to  recognise  as  having  been  wrought  by  man.  In  connection  with  the  imple- 
ments, as  inleed  with  the  unworked  flints  from  the  same  locality,  two  intereeting 
•nd  somewhat  difficult  problems  arise.  The  flints,  worked  and  unwotked  alike, 
are  in  some  cases  (about  10  per  cent,  of  the  whole)  scratched  in  a  remarkable 
manner,  either  all  over  or  on  the  more  exposed  areas.  The  scratches  appear  in 
aome  esses  to  have  been  more  or  less  flUed  up  by  a  later  deposit  of  white  siUea. 
Taiions  snggestions  have  been  msde  to  account  for  the  scratching,  but  the  authors 
l)elieve  it  could  only  Lave  been  accomplished  by  glacial  agency.  If  the  markings  be 
accepted  as  glacial  striae,  we  have  here  further  evidence  of  the  existence  of  man 
<m  toe  earth  in  pre-GUuual  or  inter-Glacial  times.  A  farther  remarkaUe  feature 
eadiibited  fay  many  of  the  flints  is  their  highly  glazed  or  polished  state.  Hie  flints 
are  seldom  completely  polished,  but  Lave  polisLed  areas  of  varying  size,  often  cor- 
responding to  the  more  exposed  regions,  ^ands  of  varjing  hardness  show  varying 
degrees  of  polish,  and  the  high  gloes  is  most  frequently  produced  upon  lately 
frsctursd  surfaces.  Certain  authorities  Lave  attributed  the  extremely  glowy  sur- 
face to  a  secondary  deposition  of  silica  locally  whilst  the  flints  were  embedded 
in  the  gravel.  The  authors,  however,  believe  the  eliect  to  have  been  produced  by 
blown  sand,  presumabh'  very  fine  sand,  the  action  being  in  all  probability  assisted 
1^  the  pnsenee  in  it  cf  a  considerable  percentage  of  iron  oxide. 


7.  Notes  on  the  £xcavation  of  a  Primitive  /Site  near  G'roomsport,  Co,  Down- 
By  KoBEBT  M.  Young. 

This  Paper  describes  the  remains  of  a  primitive  settlement  disoorered  by  the 
author  in  July  1897  on  the  Co.  Down  coast. 

1.  The  site  was  adjacent  to  the  cea,  beneath  a  grass-grown  field,  formerly  a 
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eand  dune.  At  a  depth  of  eevenil  feet  were  found  a  number  of  burnt  claj  beartbe, 
tbout  1  foot  in  diftnietert  sturotinded  with  duurooal  and  burnt  stones. 

2.  There  wcrR  numerous  fragments  of  b^ne?  which  had  been  broken  to  extract 
the  marrow.  Professor  U.  C).  Cunningham  has  identified  a  small  ppeciea  of  deer, 
boar,  and  probably  jfoat.  Shells  of  limpet  and  periwinkle  of  unusual  size  occurred 
in  masaea,  and  whelks,  mussels,  scallops,  and  cockles  sparingly. 

"5.  Tlie  ]n  in(  Ijinl  relics  fiuind  comprised  a  bronze  pin.  an  amulet  of  flint  witb 
natural  perforation,  burnt  daj  food-veswl  aimplj  incised»  and  numerous  imple- 
meutd  of  schistose  8lat«. 

4.  Vtom  the  epperenee  of  the  deposit  now  ooverinflr  the  ancient  groand-eorfaee 
the  author  is  of  opinion  that  it  has  been  probnbly  deposited  by  the  sea,  which  would 
have  required  to  rise  at  leeat  10  feet  above  ite  preeeot  higheet  level  to  do  so. 


8.  On  the  Occurrence  in  Ireland  of  ObJecU  of  HcUlHaU  Types. 

ByQ,  CoFPBT. 

The  author  noted  the  frequent  occurrence  iu  Ireland  of  bronze  swords  of  the 
type  of  Plate  V.  7  of  von  Sacken's  <  Graberfeld  von  Halletett,'  and  illustrated 
details  of  their  points  and  handle-plates.  Scabbard  chapes  also  occur,  like  th 
in  l>e  Mortillet,  '  MuM^e  Prehistorique,'  Plate  XCVI.  The  Irish  extiuipl^^s  of 
caldrons  like  von  Sackeu,  l*late  XX.,  were  probably  imported,  and  appear  to 
have  influeneed  the  fonna  of  the  pottery ;  found-hottomed  ealdnma  alao  occur. 
Pointed  rivet-heads,  and  twisted  stay-rods,  like  von  Sacken,  Plates  XXIIT  - 
XXIV.,  and  embossed  and  corrujrated  metal-work,  often  with  concent rio-circle 
ornament,  supply  further  corre^poudeuces ;  so  also  certain  pins,  chains,  pendants, 
and  other  miaeellaneoua  objecta.  Iron  was  probaUr  known  befoiv  the  doee  of 
the  Ilallrtatt  period  in  Iruand;  and  early  'La  Ijine*  moniimenta  have  been 
noted. 


9.  Beforl  on  ExfloratianM  in  CreU. — See  Reports,  pw  466. 


SATURDAY,  SEPTEMBER  18. 

The  Section  did  not  meet. 


MOAJ}AY,  SEPTEMBER  16. 
The  folUjwing  Reports  and  Fapeia  weie  read: — 

1.  Report  on  Anthropotnelric  Jnvesligatiom  amon//  the  KcUive  Troops 
of  the  Egyptian  Army, — See  Reports,  p.  3«K), 


2.  NoU  on  a  Method  ofBadieU  Cranimneiry.   By  G.  S.  Mtbm^  If.B, 


3.  MeasurenteiUt  of  the  Indian  Coronation  Contingent.^  By  J.  Gbat,  B.^ 

Tht'?c  nii  nsureraents  were  made  at  the  camp  of  the  Indian  contingent  at 
Hampton  Court.   About  nineteen  different  racial  groups  from  all  parta  of  India, 

I  PobllshedinfollinlCaa,1903. 
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exospl  Eastern  Benfrnl,  were  represented.  The  number  of  persons  in  each  gronp 
varied  from  six  to  eigliteen.  Tlie  maximum  lerijrth  and  breadth  of  the  head  ana 
the  stature  were  tnensured  in  each  rase.  Tli^^  nvt-rage  dimensions  of  » ach  group 
aad  the  standard  deviations  of  these  dimensions  have  been  calculated.  The  ret^ults 
•re  giren  in  the  imnexed  table.  Wlien  the  groups  are  plotted  ont  on  s  chart,  osing^ 
the  average  length  and  breadth  of  head  as  co-ordinates,  they  arrange  themselves  in 
five  main  divisions  ;  I.  The  North- West  Frontier  or  Mongolian  ;  II.  The  Northern 
■  Plain  or  Ar^on ;  ill.  The  Himalayan  ;  IV.  The  Eastern  Deccan ;  V.  The  Western 
Deeean.  Dmeioii  I.,  repreeented  bj  the  Baluchis»  is  cbaneteriaed  bj  a  Terj  abort 
and  broad  bead,  and  is  quite  distinct  from  all  the  other  Indian  races.  The  Arjane 
(Diyision  II.)  are  very  long-headed.  The  Himalayan  (Division  III.)  and  the 
DravidiaQ  (Division  IV.)  are  almost  exactly  alike  in  head  dimensions,  pointing  to 
tbo  eondusum  that  th^  boUi  belonged  to  the  same  pre^Afran  race,  and  were 
aeparated  b^  the  Aryan  invasion.  The  inhabitants  of  the  Western  and  Central 
Deccan  (Division  V.^  have  much  shorter  heada  than  the  Eastern  Dravidianp, 
which  points  to  an  immination  on  the  west  eoaat  of  a  Mongolian  race  by  sea, 
or  bv  land  from  Pania  or  Baluchistan.  The  sunllest  deviatiotts  are  exhibited  by 
the  highest  castas,  such  as  the  Brahmans  and  the  Rajpnts,  and  by  geographically 
isolated  races  such  as  the  Dogras,  Goorkhas,  and  Pathans  ;  and  the  greatest  devia- 
tions by  Mohammedana  and  Sii(bS|  where  caate  does  not  exist  to  prevent 
admlztoie  with  other  races. 


TuUe  <if  Mtamrtmentt  and  Dedatimi* 
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i.  KoU  on  $ome  Mea^urern^  nt.<  ofJUkimo  of  SovOkampUin  I$UmiL 

By  J.  f  •  TooHBR,  F.LC. 


5.  Rspcrt  on  the  Pigvientation  Survty  ijf  the  School  CkUdron 
o/SeoUand.—^  B«porti»  p.  362. 


^  Onihs  MmUti  and  Moral  CharaeUriitics  o/tha  Poo]^  qf  UUier. 

By  WiLUAM  Oraham,  M,D. 

By  the  term  '  Ulsterman  *  it  hero  meant  not  any  or  every  inlukbitant  of  Ubtar, 
but  only  that  element  in  the  population  -which  derives  its  descent  from  the  Scotch 
and  English  colonists  of  the  PlantatioD  under  James  I.  Ulster  in  this  narrow 
sense  really  means  little  more  than  the  counties  of  Derry,  Antrim,  Down,  and 
Armagh.  TIm  main  elements  which  have  gone  to  the  mudni^of  the  Ulstemm 
are  a-*  follows: — (1)  The  foundaticm  is  lowland  Scotch.  In  parts  of  Antrim  there 
may  be  seen  the  descendants  of  a  still  earlier  emigration  into  the  country  from  the 
Celtic  Western  Isles  of  Scotland ;  but  this  element  is  small,  and  may  be  dis- 
regarded. The  eokmittt  firom  Dumfries  and  Aynhire  were  the  nally  determiiiiiif 
factors  in  the  creation  of  the  modem  Ulsterman.  (2)  A  very  consic^rrahle 
English  leaven  whicli  coah-rce<i  with  the  Scotch  settlers  ;  this  element  i.s  e.s}>^iallv 
to  De  noted  in  counties  Armagh  and  Fermanagh.  (iJ)  An  infusion  of  French 
blood,  dne  to  the  Bevoeation  of  the  Edict  of  Nantei»  fer  it  was  under  Loais 
Orommellin,  the  Huguenot  leader,  that  the  linen  industry  wa?  established,  which 
has  Iain  at  the  root  of  Ulster  prosperity.  Here  we  may  find  the  8<3urceof  aoeitaill 
vivacity  which  distinguishes  the  Uisterman  from  the  lowland  Scot. 

Two  qualities  the  Ulttermtn  owos  to  his  Scotch  Uood :  (a)  his  sel^rcltsiiee 
and  independence,  liable  at  times  to  degenerate  into  rudeness  ;  (6)  his  ultra- 
religiousness.  He  is  in  creed  a  Calvinist  of  the  most  uncompromising  type.  He 
differs,  however,  from  the  Scot  in  other  points :  (1)  he  is  not  bo  '  dour,'  he  is 
mors  gemal  ai^  human ;  (2)  he  is  not  psrtictdany  dsmush,  and  fimw%  to  his 
history  as  a  settler  in  a  strange  land  he  lias  assumed  a  certain  cosmopolitan  tinge  ; 
(3)  he  is  more  adaptable  than  the  lowland  Scot;  he  takes  on  the  cultun^aod 
accommodates  himself  at  once  to  the  customs,  of  another  countiy. 

Again,  he  is  to  be  distinguished  fimn  tne  Celtic  Irish  as  foUows:— («)  In 
modes  of  speech  and  habits  of  thiOii(^  There  are  many  provinciali^iiis  peculiar 
to  Ulster.  A  few  maybe  given:  'camaptious'  -  ill-tempered;  *dunt'  =  blow; 
<  dunsh  '  =>  push ;  *  spuds  '  =  potatoes ;  *  wheea  '  «  a  quantity  \  *  gim  '  «  grin  \ 
and  'ozther'  -  armpit.  (6)  The  Gelt  is  a  poetic  and  unpnetical  person  ;  the 
Uisterman  is  nothing  if  not  utilitarian.  He  cares  nothing  for  the  aesthetic 
Solid  comfort,  plain  practical  ends,  are  what  he  aims  at.  (c)  The  Celt  is 
loyal  to  persons — leaders  in  Church  and  State;  the  Uisterman  is  loyal  to 
institotiotts.  (d'^  The  Cdt  is  an  aristocimt  in  disposition ;  the  Uisterman,  what- 
ever may  be  his  theory,  is  in  practice  a  democrat.  Hence  (e)  the  Celt  has 
grace,  pliancy,  and  inborn  susceptibility  to  beauty  and  refinement ;  while  the 
Uisterman  is  hard,  self-assertive, and  somewhat  rude.  (/)  The  Celt  has  humour; 
the  Uisterman  has  wit.  Humour  is  fantastic,  governed  by  no  law  save  the  way- 
wardness of  &ncy  ;  wit  in  Ulster  is  sharp,  biting,  cynical,  with  strong  affinities  to 
the  type  prevailing  in  Scotland.  The  form  of  humorous  speech  known  as  ^  bulls ' 
b  unknown  in  Ulster,  {g)  The  Celt  is  a  sportsman,  and  takes  his  pleasures  fraily ; 
the  Uisterman  cares  nothing  for  huutinK,  racing,  the  hue  arts,  opera,  or  the  dance. 
The  latter,  as  has  been  said,  is  thorouguy  ntifitaiian.  He  esciiows  amnsenenlSi 
and  gives  nimself  wholly  to  work. 

There  is  n  form  of  insanity  which  in  Ireland  is  peculiar  to  Ulster — that  arising 
from  religious  causes.  At  intervals  epidemics  of  tnis  form  of  brain  disorder  have 
awaptthnNJgb  the  oountij,  notably  in  1868.  TM>li)t  ava  appended  to  this  Abatnet 
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firotn  which  it  may  he  foimd — (1)  Thnt  religion  as  a  factor  in  the  caupation  of 
insauitT  is  confined  to  the  Protestant  population;  Eoman  Catholics  are  not  much 
affected  by  it.  (2)  That  general  paralysis  of  the  biMie  is  prictically  unknown 
in  tlie  rani  conuniutitki  of  Ulster.   It  is  in  Belfast  we  find  it.   (3)  In  Co. 

Armatrh  religion  as  a  c^n?e  falls  into  tho  backg^rouiid.  Tli:^-  i<  probably  owinir  to 
the  fact  that  the  settlement  was  originally  Englibh,  and  heucu  not  so  intense  in 
reliffion  as  the  nei|[hbouring  Scotch  people.  (4)  Paradoxical  though  it  be,  that  in 
Belfast  insanity  inoeiMS  in  proportion  as  trade  piospen — ^while  the  contrarj 

holds  good  of  the  country  districts.  The  explanati  on  set'Tn=;  to  he  that  increasea 
wagen  in  the  city  leadg  to  increased  indulgence  in  drink  and  other  vices  ;  whereas 
in  the  couuLry  the  burden  of  poverty,  always  felt  in  some  degree,  unhinges  the 
mind  when  times  are  specially  oad. 

Tt  nifiy  be  a  ided  that  one  of  tli>'  nmin  preventible  causes  of  insanity  in  Ulster 
is  the  pre\ ailing  lack  of  amusements  and  recreation's.  Of  an  iiit ensely  rehfrious 
nature  bv  iieredity,  the  Ulsterman  has  no  couuterbaiauciug  aptitudes  wlucii  migiit 
leekify  aooormftl  tman  leaetiona. 


!•  JUturn  of  Admusions  of  Patients  to  the  District  Lunatic  A  ^i/iinn:^  rtam  fd^^h^i^ 
to  *■  Meligiow  Excitement '  during  the  yean  1890  to  liMX)  inclmive. 
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Observations. 

FereaUage  of  lUlvjwut  Uxcitvment  Cases  on  the  Total  AdmUiums:— 

(1)  In  the  four  Asylums      ....  3*7 

(2)  In  Ali  Ireiaud  1-8 

(3)  In  Belfast  and  Antefm  .      ...  .5-2 

(4)  In  Annagh  2*2 


1891  1901 

FourCoonties    .      .      •      990,485  1,020,142 

AU  IielADd  ....   4J04J60  4,466,546 

B«UHfeOllgr.  266,922  848376 
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II.  RHmth  showing  Admis'^i-'iin  <>f  Patienfa  to  the  District  An/Iumg  nam*^, 
mffering  from  *  General  ^turalyu*  o/  the  Intone f  for  the  period  from  ISM) 
to  ItKX)  inclusive. 


Year 

Belfast  and 
Antrim 

1890 

4 

loVl 

• 

9 

1892 

5 

1893 

3 

181)4 

2 

1895 

1 

1B96 

8 

1897 

8 

1«08 

6 

12 

1900 

14 

Totals 

68 

Armagh 


1 
1 


1 
1 
1 


Down 


Ijondonderry 


8 
8 

2 
8 
2 
2 
4 
8 

80 


7.  A  Study  in  the  PsyciMlogy  oj  Primitive  Man.    My  A.  Amy  Bclley. 

Sufficient  information  is  now  available  with  regard  to  primitive  man  to  afford 
a  general  view  of  the  trend  of  his  ideas.  We  are  thus  enabled  to  estimate  his 
iateltoetiial  calibre,  and  ateertain  wbieb  amoo^  the  mental  fntemu  hb  earned  on 
irith  eaaBf  and  which  were  feebly  nnd  tentatively  performed.  Fttrfect  certainty 
cannot  be  attninpfl,  but  the  results  of  the  ?ur\-ey  should  be  useful  in  testing^  the 
correctness  of  theories  crediting  primitive  man  with  particular  ideas  and  belieis. 
Ifegatitt  conclusions  only  are  aimed  at  here.  Br  ascertaining  the  limits  of  primi- 
tive man'a  intellectual  powers  we  can  rule  out  tneoriee  as  to  uis  beliefs  which  are 
incompatible  with  his  actual  stap^  of  development.  If  found  weak  in  of-rtain 
mental  processes  he  cannot  be  reasonably  credited  with  conceptions  implying  their 
free  working. 

Investigation  doea  not  warrant  us  in  attributing  any  absolute  mental  defideney 

to  primitive  man.  lie  app*mrs  tn  Imvf  Icpn  capable  of  all  mental  procef««?. 
The  higher  and  more  complex  proces<«'f<,  liowever  (ideation,  analysis,  synthesis, 
and  the  formation  of  complex  concepts),  were  performed  with  facility  only  when 
concerned  with  tbe  details  of  daily  life  and  the  stru^e  for  existence.  \N  here 
these  were  not  nt  the  higher  processes  were  but  imperfectly  jterformed.  In 
the  world  of  abstract  idoas  we  must  predicate  for  ymmitive  man,  as  for  his 
descendants,  a  considerably  lower  level  than  in  the  practical  world. 

The  moat  ooaapieuous  failing  in  primitiTe  man  was  inability  to  ditRBtestiala. 
ITe  perceived  similarities  rather  than  differences,  the  latter  involving  clearer  per- 
ception, and  bt'ing  therefore  a  later  product  of  the  intelligence.  Things  which  were 
alike  were  to  him  identical,  or  at  least  et^uivalent.  To  employ  the  terminology  of 
Principal  Lloyd  Morgan,  ho  'aenaed'  olgecta  aingly,  and  without  anything  note 
than  a  hazy  perception  of  thor  relation  to  one  anotbar. 

The  results  of  this  defidency  were 

1.  Inability  to  generalise. 

2.  No  distinction  recognised  betweeu  essential  and  non-essential  charac- 
tariitica. 

8.  Imperfect  tmdecstanding  of  canae  and  effect 

1.  Generalisation  demands  difi'erentiation,  the  analysis  of  separate  qualities, 
and  thnr  r»-oombinatioB  in  a  new  eonoept  ooveang  a  wide  fiald  of  obiervatioB. 
Tbeae  pioecMea  primitiTO  man  could  only  perform  imperfectly. 


Digitized  by  Google 


TfiAMSACTIONS  OF  SSCTION  H. 


765 


2.  A  mental  stumbling-biuck  too  familiar  to  need  explanation.  It  ia  not 
"wholly  unknown  in  more  advaDCk^d  times. 

8.  Obfarratbn  and  induetiim,  leudia^  up  to  the  correct  inference  of  came  and 
effect,  demand  a  sustained  mental  etVorf  ol  which  primitive  man  was  incapable. 
He  accepted  as  cause  and  effect  any  set  of  phenomena  commonly  or  strikingly 
aaflociated  in  his  experience.  On  the  other  hand,  he  failed  to  perceive  cause  and 
eflbet  in  the  simpleat  and  most  universal  biological  processee  or  physical  seqiieneea. 
It  is  doubtful  further  whether,  as  Dr.  Frazer  thinks,  he  had  gra8i)ed  the  idea  of 
the  universality  of  Nature  involved  in  the  inference  of  cause  and  ctfect. 

Since  ail  human  ideas  must  have  passed  through  the  stage  characterised  bj  the 
deficienciea  just  mentioned,  we  may  apply  the  test  to  certain  theories  the  origin 
of  laUgioua  ideas: — 

1.  Ooe  Saprane  Ood.— We  may  salely  assert  that  primitive  man  was  incapable 

of  the  abstrartion  and  q-enerjilisation  r^-qiii'^ite  for  forming  the  idoii  of  ono  Supreme 
God,  omnipotent  and  unirersal,  distinct  and  sepaiate  from  humanity — ^the  Creator 
of  the  world. 

2.  Phallic  wofdup.— If  not  otherwise  discredited  as  an  origin,  phallic  worship 

would  have  to  be  ruled  out  for  similar  reasons.  Primitive  man  wa.s  incapahls  of 
mentally  isolating  a  single  faculty  or  pow^r  sutiiciHntly  to  exalt  it  for  worship. 

S.  The  '  ghost  theory '  demands  a  more  distinct  conception  of  personality  and  a 
eleafsr  realisation  of  ilie  ideas  of  liih  and  death  than  primitive  man  possened. 
He  had  not  reached  the  belief  in  death  from  natural  causes,  and  the  personality 
of  a  deceased  man  might,  to  his  thinking,  be  re-incarnate  in  his  descendants. 

4.  Dr.  Jevons's  theory  of  the  continuum  in  religion  implies  the  existence  of  a 
tingle  dear,  persistent  perception  dissociated  from  the  general  stodr  of  primitlTO 
ideas,  and  apparently  on  a  higher  level* 

The  aheenoe  of  dear  and  Satinet  ideas  on  any  subject  in  the  early  stages  of 
development  makes  it  improbable  that  any  single  idea  whatever  is  to  be  regarded 

as  the  oripin  of  religion.  Probably  a  number  of  separate  ideas  combined  later,  but 
all  theories  on  this  subject  must  be  in  harmony  with  the  general  stage  of  primitive 
development  so  far  as  ascertained. 


8,  On  the  Lolos  and  other  Tribes  of  Western  China, 
By  Augustine  Henry. 

The  Paper  describes  (i)  the  various  Tibetan  tribes  on  the  western  border  of 
Ssechuan ;  (2)  the  migratory  Miao-tze  from  Kweichow,  wIkmo  tond  monoijUahie 
iM^uage  has  n  vocabulary  distinct  from  that  of  the  other  Innp-uuges  of  tbalgronp; 
(.S)  the  Yaosy  a  farming  and  hunting'  people  wlio  are  probably  the  aborigines  of 
Kwangsi,  and  inhabit  isolated  \  liiuges  from  Kwangsi  to  SzemaOf  and  also  dwell  in 
French  Laoe ;  (4)  the  Shans  of  the  low-lying  pkins  of  South  Tunnan  and  Upper 
Burma,  who  are  akin  to  the  Siamese;  (5)  the  dark  swarthy  Wom\  a  very  uniform- 
featured  people,  aboriprinal  .south  of  the  Red  River  of  Yunnan  ;  0!  )  the  diminutive 
PidOf  4-4^  feet  in  stature,  who  speak  a  dialect  of  Lolo,  and  are  regarded  as 
wisards  hy  the  Chinese ;  and  whose  love  of  gay  clothing,  and  livdy  temperament 
afford  further  parallels  to  the  traditi<ms  of  a  diminutive  faixy<fiilk,  which K.Bhys 
has  collected  in  AVestern  Europe. 

In  addition  to  these,  the  paper  describee  (7)  the  Loloa,  a  tall  handsome  people, 
whose  home  is  in  Ssechnan,  out  who  are  found  all  over  Tunnan  and  in  a  few  dis- 
tricts in  Kweidiow.  Their  language  is  tonal  and  monosyllabic,  and  the  author 
contends  that  a  comparison  of  Lolo  and  Miao-tze  speech  with  Chinese  shows  that 
the  tonal  monosyllabic  languages  form  a  distinct  primitive  group,  and  are  not  the 
result  <^hreahing  down  a  polysyUahic  agglutinative  languAge. 

The  peculiar  script  of  the  Loloi?  i,<  described  and  discussed.  Though  of  hiero- 
glyphic character  it  is  not  derivative  from  the  Chinese  script.  It  runs  in  vertical 
columns  from  i^t  to  r^ht.   The  analogy  of  the  later  Syriac  script  suggests  that 
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this  peeaiiMity  mty  1w  due  to  early  Nestorian  miwionMii^  who  had  mttlwiwtB 

in  Yunnan  as  early  na  the  time  of  Marco  Polo. 

The  paper  further  deacribea  the  religious  beIieiiS|  elaborate  aaimUtic  belkfii^ 
eonogonj,  ceremoniea  and  litvak,  songs  aadlitantamt  nd  aoeial  orgiiiiiatioM  of 
the  Lolos.  Their  sumanMS  always  signify  the  oaina  of  a  tree  or  animal,  or  hoA 
tree  and  nnimal  ;  nnd  these  are  considered  as  the  anoeators  of  tlie  family  bearing 
the  name.  To  abk  a  man  hia  name,  the  question  is,  *  What  ia  it  you  do  not  touch  f  * 
hat  no  wordiip  ia  paid  to  the  plant  or  aalina!. 


9.  On  the  Wild  and  CivUiud  Bacea  of  the  }faiay  PtninmUi, 
By  Nklson  Ahhavdaix  mnd  H.  C.  BoBnraoK. 

The  Paper  describes  the  districts  which  were  viiited  hj  tho  a«thoi%  the 
mvaotigationa  midertakeoy  and  the  material  obtained. 

L  ThoeiMiiiMel<rt2etareaaibUow:~ 

1.  Ifcleyf  and  Simmete  of  ik6  duUiU  beiwem  Sbifom  and  JamihL — Phjucal 
difierenoes  between  the  two  are  slight  or  ahaent  t  tinao  if  evidence  of  an  admizture 

of  aboriginal  blood,  though  the  aborigines  are  now  practically  extinct  in  the 
district.  The  general  customa  and  mode  of  life  are  described.  Two  distinct 
physical  types  are  to  ho  neeogniaed,  hot  nntber  can  he  aaaoeiatod  with  one  people 
or  the  other.  Mahommedan  and  Buddhist  customs  are  noted.  The  anaaenHnli^ 
opium-smoking-,  diseases,  and  motles  of  burial  are  deecriK<  d 

2.  The  SoiUh  Perak  Malay*  are  distinct  from  the  ^ople  of  Patani ;  their 
standards  of  civilisation  more  Oecidental,  hut  their  xaoe  le  non-peniateat>  being 
awamped  by  immigration. 

3.  In  Selangor  there  is  no  long-established  Malay  population. 

4.  T1h»  Snitisaim  of  Trang  are  identical  with  or  nearly  related  to  the  Malays 
o  Upper  I'erak,  but  certain  physical  differences  from  the  Malays  of  South  Per&k 
an  noted,  and  their  langoage,  religion,  and  weapona  are  deaerihed. 

H.  The  savage  tribe*  are  the  following:— 

6.  Semanga. — Their  distribution,  social  status,  physical  characters,  and  mode  of 
life  are  described. 

6.  Sahait, — ^Their  distxihution  and  relationdup  to  Semanga  are  noted^and  lhair 

mode  of  life,  external  relations,  and  burial  customs. 

7.  — Grant;  Laut  Knppir  of  Trang. — Tboir  posuble  reiatiou&hips  are  discussed, 
with  their  dialect,  religion,  and  customa. 


TUESDAY,  SEPTEMBER  16. 

The  following  Papers  and  Reports  were  read : — 

1.  The  lAa  FdU  qf  Tara,  and  Election  of  King9  by  Auyury, 

By  E.  Su>NBY  Habtlamd. 

Thafhmous  Ida  Fdilf  or  Stone  of  Destiny,  often  identified  mth.  the  Ckxronation 
Stone,  'was  a  stone  on  which  were  enchantments,  for  it  used  to  roar  under  the 
person  who  had  the  best  right  to  obtuin  the  sovereignty  of  Ireland  at  the  time  oif 
the  men  of  Ireland  heing  In  aasemhly  at  Tara  to  obooae  a  king  over  tftom.'  It 
was  thus  an  oraole;  and  the  choice  of  king  was  made  by  theaoguiy  whiekitgam 
Other  modes  of  augury  were  also  used  in  Ireland  for  this  purpose,  as  well  as  in 
many  savage  and  semi-civilised  countries.  £rampie6  of  these  are  cited  from 
stories,  as  embodying  real  traditiona  of  eostoma  onee  pmvalent.  Singahip  waa 
aomething  mora  than  human.  It  waa  naoeMaiyi  thaoi  to  aaoartain  the  win  of  the 
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gods.  Tbepraetioe  inOentnl  Africa;  Meleluxedek ;  the  teetimony  of  Homer; 
the  ancient  kings  of  Rome;  changes  in  ciutom  and  oral  tradition;  the  diagnosis 
of  Uood  royal  bj  animals  and  other  means. 


2.  On  Perforated  Stone  Amulets,    By  F.  T.  EL\voiiTiiY,  F.S.A. 

There  is  a  widespread  belief  in  the  efticacy  of  naturally  perforated  stones  as 
prophylactic  ftjrentB  a<rainst  witchcraft.    Examples  are  given  of : — 

(1)  Witchstones  in  a  garden  and  against  a  door  in  Lincolnshire. 

(2)  The  preservation  of  these  stones  as  familypomssions.  In  all  cases  the 
root  ides  is  uie  need  of  pioteetion  aoainst  the  Evil  ^ye. 

(8)  The  ptvralence  m  the  belief  in  the  susoeptibllity  of  cattle,  and  in  *  witch 
doctors.' 

(4)  The  K)-called  '  holy  liints/  used  chietiy  in  gardens  in  England,  but  also 
worn  on  the  person,  and  employed  by  Dorset  boatmen  as  protectors. 

(5)  A  miKh-wom  itone  from  Antrim  used  to  protect  cattle.  This  amulet  has 
not  only  been  tied  upon  cows'  neokSy  but  has  been  ooiled  in  water  fyr  the  eowa  to 
dnnk. 

(6)  Many  specimens  from  Southern  Italy,  where  they  are  also  found  on  cow- 
houses, though  chiedy,  as  in  Lincolnshire,  on  dwelling-houbes. 

(7)  A  roimd  |neoe  of  sea-worn  pottery,  with  a  central  holoi  from  a  house  in 
Soath  Italy,  nlmust  identical  with  A  similar  object  in  Bohemian  glass,  made  as  a 
trade  article  for  East  Africa. 

m   

That  the  perforation  rather  than  the  material  is  ths  real  seat  of  the  ideal  value 

N  proved  by  evidence  from  varions  localities,  but  particularly  from  modern 
Somerset.  The  question  is  raised  of  the  connection  of  holed  pebbles  with  the 
weU>known  larger  apertures  in  rocks  and  boulders. 


3,  Ifate  on  Two  Japan«9e  ^JBokH-to.'  By  £.  S.  Habtlahd. 

The  author  exhibits  two  doM-fo,  or  wooden  swords,  formerly  worn  as  profes* 
Clonal  emblems  by  medical  practitioners  in  Japan.  One  of  them  is  shaped  as  a 

l/'  an-pod  containing  seven  S4.'cd,s  and  adorned,  near  the  ends,  with  reprpsentations 
m  lacquer  of  a  ^Tu-^ihoppcr  and  four  other  insects.  The  other  is  a  rough  pieco 
of  willow,  on  one  side  ot  which  are  cut  Japanese  characters  meaning  spiaer-uoat. 
This  nsme  is  connected  with  a  Japanese  legend.  Attached  to  the  oM-4o  in 
question  is  a  natural  eeed-yeaiel,  or  fig,  for  the  purpose  of  retaining  it  in  the 
girdle. 


4.  On  ToXUm.   By  E.  Lovktt. 

Tallies  are  records  kept  by  cutting  notches  in  sticks  of  wood,  and  are  a  sur* 
Tival  of  probably  the  earliest  appliance  of  a  commercial  nature  made  by  man. 

The  collection  of  these  objects  which  is  exhibited,  a  list  of  which  is  given  below^ 
is  of  special  interest  from  the  fact  that  the  specimens  have  been  in  actual  use,  either 
quite  recently  or  within  the  last  twenty  years  or  so.  They  represent  two  classes 
of  tally,  viz.  (1)  The  contract  tally ^  formed  by  a  split  stick  (tlirough  tiie  notches), 
Moh  portion  ox  which  is  retained  by  the  two  oontractiBg  parties  xeepectiTely— a 
most  efifectiye  and  safe  instrument.  (2)  The  mmpU  or  jneinorandum  tally,  repre- 
sented by  single  slips  of  wood  upon  which  are  recorded,  by  a  series  of  notches  of 
Tarious  form  or  arrangement,  the  intentional  record  ul"  the  operator.  This  latter 
fimn  is  of  wide  geographical  distribution  and  of  great  antiquity  ;  tallies  of  ivory, 
|>one,  and  horn  ha?ing  been  fmmd  ia  the  caTem  deposits  of  frsnce.  It  is  interest- 
ing to  note  that  whereas  the  simple  or  folk  tally  has  surtiwd,  the  complex  form, 
M  elaborated  in  the  bankers'  and  Exchequer  tallies,  has  become  quite  obsolete,  and 
&0W  only  exists  in  the  form  of  our  present  commercial  terms  and  expressions,  all 


Digitized  by  Google 


768 


BEP02T — 1902. 


of  which  refer  to  the  wooden  instrumeni  and  not  to  ltd  documentary  succoaeor. 
Eveo  th«  word  talfy  itaelf,  which  ii  derived  from  the  FVeneh  word '  to  cut  a  notdi/ 
IB  now  taken  to  mean  *  to  agree^  or  balance  amounts.' 

To-day  tallies  are  u."***d  in  some  of  the  hopfi'»l(i-<  of  Kent  and  Worcestershire  ; 
Tery  extensively  by  the  bakers  of  Normandy  and  novae  other  parts  of  France  ;  in 
the  vinejatds  cif  the  ralley  of  the  Gironde ;  nod  here  and  there  bj  farmers,  ff&aie- 
keepers,  and  wood-cutters  in  some  of  the  rural  districts  of  our  own  Hr*T^T 
Naturally,  too,  they  are  found  in  various  simple  forms  in  use  by  the  aboriErin^  of 
foreign  countries,  and  the  museums  of  the  Continent  contain  many  e  yam  plea 
firom  Tariooi  deposits  of  prehistoric  age. 

The  specimens  exhibited  include : — Hop  tally  (and  counters),  Kent  uid  Wor* 
ceeter ;  bakers',  Normandy  and  Holland  ;  brewers',  Isle  of  Man  and  ]?erlin :  anow, 
Vienna;  fishing,  Tain  (N.B.)  ;  vineyard,  Gironde  (France) ;  farmers'  lamb,  Wor- 
eeater;  gamekeepers'  and  faggot-makers*,  Norfolk;  curluu^,  Scotland;  journey, 
Bhmtyre  (B.a  Afinca) ;  carters*,  Snaeez  and  Woreeater ;  labour,  Beauly  {N.B.>. 


5.  Report  on  ihe  Age  of  Stone  Cirdee, — See  Beports,  ]>.  455. 


6.  Pu^iminary  Note  on  a  Prehistoric  Cemetery-cave  in  PaleeUne, 
By  B.  A.  Stiwart  Magauatbb,  MM 

In  the  excavation  at  present  in  progress  on  behalf  of  the  Palestine  Exploratkm 

Fund  at  the  site  of  the  ancient  city  of  Gezer  an  important  discovery  hf\«  jiLst  been 
made.  Overlaid  by  debrU,  which  may  tentatively  be  dated  about  -(.KJO  B.C.,  the 
mouth  of  a  cave  about  30  feet  long  was  found.  This  cave  proved  to  have  been 
artificially  cut  out  to  serve  the  purpose  of  a  crematorium.  The  floor  was  strewn,  is 
«)me  cases  thickly  covered,  with  the  remains  of  human  bodies,  which  had  I -  en 
burnt  where  they  lay.  A  chimney  was  cut  in  the  rock  to  provide  the  draught 
necessary  fur  the  tire.  At  a  later  time  the  cave  was  again  used,  this  time  for  the 
interment  of  unbumt  bodies,  many  of  which  were  scattered  (in  %  oontxaetad  posi- 
tion) over  the  f!  )  >r,  a  few  being  deposited  in  endosores  lepazatad  bj  rode  walls 
from  tlie  ri'st  of  the  cave. 

Large  numbers  of  food-vessels,  of  early  type^,  were  found  associated  with  bom 
atrata  en  remains. 

The  bones  were  examined  by  Professor  A.  Macalister.  They  are  so  broken  and 
Injured  that  satisfactory  measurement.*;  of  a  few  onlyoottld  be  made.  HowCTtf^ 
theyare  distinguiahed  into  two  well-marked  types. 

The  htmi  Mnea  are  those  of  people  of  alender  build,  and  amall  bot  not  dwarfish 
stature — ^none  OTer  5  feet  7  inches,  most  under  5  feet  4  inches.  Limbs  alender 
but  muscular:  no  perforated  humeri,  a  few  slightly  platvcnemic  tibi»,  a  fewplaty- 
meric,  but  no  pila.'^tered  femora.  Cranial  shape  an  elongated  oval,  fairly  well 
■arched  longitadmally,  bat  rather  fiat-sided,  with  leogtb-brcidtfa  index  about  7S  to 
75.    Skull  bones  thick  and  heavy. 

The  uiihumt  bones  belong  to  a  tnll^r  race — average  height  5  feet  6  inches 
'(maximum  o  feet  11  inches)  in  males,  5  feet  4  inches  in  females.  Limbs  stronger 
and  larger-boned,  platycnemie  tibioB,  pilastsrad  femora.  Squatting  fboeta  oo  lig 
joints  well  developed.  Skulls  larger,  of  thinner  bones,  pentagonoid  bodi  when 
Tiewed  from  above  and  from  behind.    Length-breadth  index  alx)ut  78. 

This  is  the  first  discovery  yet  made  of  bones  belonging  to  the  pre-Iaraelite 
Inhabitants  cH  Palestine.  The  uabumt  bones  belong  apparently  to  the  earliest 
Semite  atoel^  their  predecessors  to  a  pre-Semite  and  posBUuy  aboriginal  race. 

A  full  account  of  this  discovery,  with  illustrations,  appears  in  the '  Qoartsrlj 
Statement '  of  the  Palestine  Exploration  Fund  for  October  1902. 
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7.  On  a  Survival  of  eerkM^  Pagan  SeptUehral  SymboU  on  Early  Chrittum 
MonumenU  in  Ir^nd.   Bg  P.  J.  O'Bullt. 

The  writer  points  to  the  existence  of  enp-marln  and  inscribed  single  circles  and 

concentric  circles  in  the  earlier,  and  cap-and-conceiitric  circlt^s  in  th«  later,  of  the 
Irish  pagan  tumuli,  and  presents  photographs  of  a  series  of  Christian  sepulchral 
monuments  found  in  the  cemeteries  of  ancient  churches,  all  of  which  were  pro* 
bably  iNnM  in  or  \mtan  the  seTonth  oenttir^,  and  am  attoatad  in  the  limited 
aiea  of  tbe  half-barony  of  Rathdown,  Co.  Dublm.  These  monuments  include  cup- 
ped stones  at  Dalkey,Tully,  and  Rathmicbael;  stones  presenting  a  cupped  medial- 
band  design  at  Kathmicnael  and  Killegar ;  others  at  Cruagn  and  iiathmichael 
beating^  cup-andHSoaoeotricHsirde  designs ;  others  at  Ejllegar  and  Rathmiehael 
exhiUting  the  latter  deai^  in  combination  with  a  radiating  triple-line  deogn; 
a  cupped  *  fisb-bone'  design  at  Ratlimichael ;  and  combinations  of  th^  rup-and- 
conceutric-circle  and  '  fish-bone  '  designs  at  BaUjman  and  Tullj.  Among  facta 
stated  wUeh  abmr  that  these  Rathdown  designs  were  wrought  at  a  later  period 
than  their  pagan  prototypes,  and  that  the  stones  bearing  them  are  not  pagan 
sepulchral  monnmentsi  utilised  as  memorials  of  Christian  dead,  is  the  existence  on 
one  at  Balkey  of  a  symmetric  combination  of  two  cup-and-concentric-circle  groups 
and  four  single  cirdes  with  an  incised  cupped  Irish  wheel-cross  that  is  undenialuT 
of  Christian  origin  and  contemporansons  with  the  remainder  of  the  design,  whioa 
forms  a  valuable  linlc  between  the  pagan-like  patterns  of  the  earlier  members  of 
the  series  and  the  free  standing  crosses  of  the  district,  four  of  which  bear  the 
flingle-circle  symboL 

8.  Bepori  an  the  ExeamMiion$  in  the  Moman  F&ri  alt  Odlygavr. 

See  Reports,  p.  400. 


9.  BepoH  on  iR$  BxeavaHom  of  iks  Boman  CUy  ai  SUdkeHer, 

See  Reports,  p.  453. 


10.  On  the  Bhami  Buin$f  near  Bulawayot  Rhodma, 
By  F.  P.  Mbrhbll,  F,G,S.t  Curaior  ofihe  Bhoduia  Mut&wn, 

All  over  the  territory  between  the  Zambesi  and  the  Limpopo,  now  known  as 
Southern  Bhodseia,  are  numerous  structures  which  testify  to  a  former  occupation 
of  the  country  by  a  race  far  more  advanced  in  the  arts  than  the  Bantu  tribes,  who 
are  shown  by  Arab  records  to  have  inhabited  the  country  fir  fully  two  thousand 
years.  The  Khami  Ruins,  situated  twelve  miles  from  liuiawayo,  may  be  taken  as 
typicaL  They  consist  of  ahont  a  dosen  separate  structures  showing  the  usual 
ruortarless  walls  faced  with  carefully  squared  granite  blocks  about  twice  as  large 
a.-i  an  ordinary  brick.  These  walls  are  about  3  feet  thick,  and  rise  perpendicu- 
larly without  any  batter,  as  a  rule,  to  heights  of  10  to  20  feet  or  more.  Thie 
exterior  walls  roughly  conform  to  the  shape  of  the  ground  aYailahle,  or  are  more 
or  less  circular,  but  the  interior  ones  ramify  about  in  a  most  intricate  manner. 
The  principal  ruin  has  three  sets  of  walls  at  different  levels ;  and  a?  the  spaces 
which  they  enclose  have  become  filled  with  debris,  they  give  the  hill  on  which 
they  are  mult  a  temoed  appearance.  The  mmn  entrance  to  this  structure  has 
square  ends  to  the  walls  on  either  side,  and  recent  excavations  have  revealed  the 
fact  that  a  series  of  stone-built  steps  lead  up  to  it  from  the  foot  of  the  slope.  In 
other  cases  the  walls  are  rounded  off  at  the  entrances,  and  rounded  buttresses 
support  them  at  times.  Otiier  derices  in  the  way  of  decoration  are  the  '^eea* 
bofffd  *  and  '  herring-bone  '  patterns,  formed  by  varying  the  positions  of  the  facing 
blocks  and  the  introduction  of  dark-colottred  dolerite  blocka  to  oontraat  with  the 
granite. 

It  has  been  stated  that  these  stmetures  could  not  have  been  roofed  in,  and  in 
only  one  instance  (Impateni)  out  of  many  hundreds  is  a  oorered  entrance  known. 
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At  Dhlo  Dhlo  "Ruin'5,  liowever,  there  are  the  ram&ins  of  wooden  posts  let  into  tKe 
masonry,  find  these  have  now  been  found  at  Khami  also.  It  seems  possible  that 
tbej  mav  have  been  intended,  in  some  cases  at  least,  en  supports  for  a  ioo£  That 
the  ImilatD^  were  intended  primarilT  forte  may  be  innrred  from  tbeir  innccce 
eible  situations,  their  narrow  and  well-commanded  ontrances,  and  the  fact  that  the 
Bides  of  some  of  the  hills  on  which  they  are  built  have  efidentlj  been  arttficiaUj 
steepened. 

Many  obiecta  of  interest  have  Iwen  diaeoveied  at  Khami,  moik  of  whiefa  are 

now  in  the  Khodeeia  Musenm,  Bulawayo.  The  pottery  and  the  articles  made  of 
copper  and  iron  are  probably  in  nearly  nil  cases  tne  work  of  later  occupants  of  the 
rums  than  the  builders.  Discrimination  is  rendered  difficult  by  the  obrions  fact 
that  ^  nativee  haTe  copied  the  deaigaa  of  the  earlier  workers.  Thh  mmr  iiidi* 
eate  either  that  they  are  the  degeaerate  deieendants  of  the  builders  of  these 
remarkable  structures,  or  that  their  ancestors  were  forced  to  work  for  the  latter 
as  slaves.  The  second  is  in  all  probabiliw  the  correct  explanation.  Peculiar  flat 
oval-shaped  stones,  sometimeB  pinoed  with  a  hole  near  one  end,  are  amaag^  tlie 
articles  which  may  be  regarded  as  ancioit,  and  so  are  the  numerous  gold  orna- 
ments. The  latter  include  chain-  and  wire-work,  tacks  for  fastenings  beaten  gold 
on  to  wood,  and  gold  beads  of  all  shapes  and  sizes  and  in  every  stage  of  mannfac^ 
tore.  A  few  pieeea  of  tin  finmd  in  one  of  tho  smaller  atrncturse  are  of  interest, 
as  the  metal  does  not  appear  to  occur  anywhere  in  Rhodesia.  They  maj  have 
been  imported.  Two  classes  of  objects  are  conspicuous  by  their  absence  here,  as 
at  all  the  other  ruins.  These  are  inscriptions  of  any  kind,  and  iron  tools  such  as 
must  have  been  used  in  dressing  the  stone  for  bnilcting.  The  latter'may  well  have 
roaled  away  during  the  thoustands  of  years  which  have  almost  oertualy  clapesd 
since  they  were  laid  aside,  but  the  absence  of  the  former  is  not  so  pa.<y  to 
explain,  if  these  structures  are  the  work,  as  has  been  contendedj  of  the  -^Wtn* 
of  Arabia. 


11.  On  l&e  Mlknogrtqahy  i^ihe  ITagtu,  By  W.  H.  FvBmfl^  MJ>. 


12.  DenuMMfrofioit  on  the  Spedmene  in  the  AmUomiedl  Mumum  wkiek 
tUuelrate  painU  in  Phynoal  Anthropolosfff.  By  PmImsot  J. 
BTMiiroTOir,  M.I>, 


WEDNESDAY,  8EPTEMBEU  17. 
Ihe  CoUowing  Fapera  and  Beporta  were  mad : — 

1.  .SaseotialfOfM  of  Pdaohuiro  in  BagUm  CrtU, 
By  R.  C.  BOSAHQUKT,  Jf.J. 

2.  Report  m  the  CdUetionf  PreagnaHon,  and  SyitemaHc  Begiairaiion  <f 
Pkoioyrapke    AnihropoMyietd  Intoreat, — See  Beporta^  p.  449. 


3.  Bepart  on  tk$  Organitatum  <if  an  Btknotoyical  Survey  of  Canada^ 

See  Bepcirtfl»  p.  358. 


4.  (hi  the  Classification  arid  Arrangenunt  ofihe  ExJiibiU  in  an^ 
Antkropohgieal  MuaeunL   By  W.  H.  Houin. 


5.  ISuggestiom  for  the  Classification  of  tJie  Subkcl-maUer  of 
Anthropology.    By  E.  N.  FaLLAIZB,  BM 
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SaofiON  L— PHYSIOLOGY 

PjiB9U>fiiri  OF  XHB  SscuoN— Protdssor  W.  D.  Hallibueios,  F.R.S. 


THURSDAY,  SEPTEMBER  XL 
The  Preddent  deliyend  the  fbllowiqg  Addrees:— 

The  Present  Position  of  Chemical  Physiology. 

An  engineer  who  desires  to  thoroughly  understand  how  a  machine  works  must 
necessarily  know  its  construction.  If  the  machine  becomes  erratic  in  its  action, 
and  he  wishes  to  put  it  into  proper  working  order,  a  preliminary  acquaintance  with 
its  BOimel  etraekine  tad  ftmetion  is  aa  ohvious  necessity. 

If  we  epply  this  to  the  more  delicate  machinery  of  the  animal  ho^  we  *t 
once  see  how  a  knowledge  of  function  (physiology  and  pathology)  il  impoMiUe 
without  a  preliminary  acquaintance  with  structure  or  anatomy. 

It  is  therefore  not  surprising,  it  is  indeed  in  the  nature  of  things,  that  ulxysio- 
liMyongiiiatad  with  the  giMtenatom^  It  wm  not  until  VeeehiM  and 

Harvey  hy  teffious  dissections  laid  bare  the  broad  facts  of  structure  that  any 
theorising  oonoeniing  the  ueee  of  the  oonetituent  orguie  of  the  body  hid  any  finn 
foundation. 

Important  and  essential  as  the  knowledge  is  that  can  be  revealed  by  the 
Milpel,  the  iaftrodnetion  and  nee  of  the  microecope  famished  physiologists  with  a 
•liD  mora  taloaUe  instrament.  By  it  much  that  was  before  unseen  came  into 
view,  and  microsoopie  anatomy  and  physiology  grew  in  atatoie  and  knowledge 

aimultaneously. 

The  weapons  in  the  armoury  of  the  modem  physiologist  are  multitudinous  in 
mmber  and  toasfiia.  in  eonatroetioni  and  enable  niin  in  the  experimental  tnTetti* 
gation  of  his  anhiect  to  accurately  measure  and  record  the  workmgs  of  the  cUfferent 
parts  of  the  machinery  he  has  to  study.  But  pre-eminent  among  these  instruments 
stands  the  test-tube  aixi  the  chemical  operations  typified  by  that  simple  piece  of 
glass. 

Herein  one  aeas  at  onoe  a  striking  dlitinetion  between  the  mechanism  of  a 

lirmg  animal  and  that  of  a  machine  like  a  steam  engine  or  a  watch.  It  is  quite 
possible  to  be  an  excellent  watchmaker  or  to  drive  a  steam  engine  intelligently 
without  any  chemical  knowledge  of  the  various  metals  that  enter  into  its  composi- 
tion. In  order  to  set  the  mechanism  right  if  it  goes  wrong  all  the  preliminary 
knowlsdge  which  ia  necessary  is  of  an  anatomical  nature.  The  parts  of  which  an 
engine  is  composed  are  stable ;  the  oil  that  lubricates  it  and  the  fuel  that  feeds  it 
never  become  integral  parts  of  the  machinery.  But  with  the  living  engine  all  this 
is  difTerent.  The  parts  of  which  it  is  made  take  up  the  nutriment  or  fuel  and 
MBimilate  it  thus  building  up  new  living  snbetance  to  replace  that  which  is 
dastroyed  in  the  wear  ami  tear  aaaodated  with  activity.  Thia  condition  of 
unstable  chemical  equilibrium  is  usually  desi«rnated  metabolism,  and  metaboUam 
the  great  and  sasentiid  attribute  of  a  liTiog  as  compared  with  a  non-living  thing. 

3d2 


Digitized  by  Google 


772 


UEPOKT — 1902. 


It  seems  eliildish  at  the  present  dtj,  and  before  such  ui  audience  u  tkM,  to 

point  out  how  essential  it  is  to  know  the  chemical  structure  as  well  as  the 
anatomical  structure  of  the  component  parts  of  the  hody.  But  the  earlr 
anatooiists  to  whom  I  have  alladed  had  no  concepdon  of  the  connection  of  the 
two  tdeDceo.  8peakiti<^'  o(  Vesalius,  Sir  Michael  Foster  says:  'The  frot 
anatomist  ■would  no  donli'  liave  mrtde  use  of  his  bitten^^t  sarcasms  had  arnrieone 
assured  him  that  the  fantastic  school  which  was  busy  with  occul*  -errets  and 
had  hopes  of  turning  dross  into  gold  would  one  day  join  handa  in  the  investiga- 
tion of  the  probleoie  of  life  with  the  exact  and  clear  anatomy  to  deer  to  hnn.' 
Nor  did  Harvey,  any  ttv  re  than  Vesalius,  pay  heed  to  chemical  learning.  The 
scientific  men  of  his  time  ignored  and  degpLsed  the  beginning  of  that  chemical 
knowledge  which  in  later  years  was  to  become  one  of  the  foundations  of  physiology 
and  the  mainttay  of  the  art  of  medione. 

The  earliest  to  recognise  this  important  conn-^tion  was  one  whose  name  is 
usually  associated  more  with  charlatnnry  tlian  with  truth,  namely,  Paracelsn«.  and 
fifty  years  after  the  death  of  that  remarkable  and  curious  personality  his  doctrines 
were  extended  and  developed  by  van  Helmont  In  apite,  however,  of  ▼«&  Hel- 
mont's  remarkable  insight  into  the  processes  of  digestion  and  fermentationi  lua 
work  was  marred  by  the  mysticism  of  tho  day  which  calh^d  in  the  aid  of  aapo^ 
natural  agencies  to  explain  what  could  not  otherwise  be  folly  comprehended. 

In  the  two  hondrad  and  fifty  years  that  have  interfened  between  the  death  of 
van  Heknont  and  the  present  day  alchemy  became  a  nnva  and  more  exact  zdeuoB, 
and  changed  its  name  to  chemistry,  and  a  few  striking  names  stand  out  of  men 
who  were  able  to  take  the  new  facts  of  chemistry  and  apply  them  to  phyaiolo^cal 
wes.  Of  theaa  one  may  mention  Mayow,  Lower,  Boeihaave,  Rtenmnr,  BorsUi, 
Spallanzani,  and  Lavoiaiflr.  Mulder  in  HoUand  and  Idebig  in  Qtarrnhny  bring  us 
almost  to  tho  present  tim»»,  and  1  think  they  may  be  said  to  share  the  honour  of 
being  regarded  as  the  father  of  modern  chemical  physiology.  This  branch  of 
aeienoe  was  flmt  placed  on  a  firm  baeia  by  Wfihtor  when  he  showed  that  organic 
oompoonda  can  be  built  out  of  their  elementa  in  the  laboratory,  and  hia  first  aw- 
cessnil  experiments  in  connection  with  the  comparatively  simple  substar.cp  urea 
have  been  followed  by  numberless  others,  which  Jhava  made  oiganic  chemistry  the 
vast  subiect  it  is  to-diay. 

Sir  Mm'***^^  Fcater's  book  on  the  History  of  Physiology,  from  which  I  have 
already  quoted,  treats  of  the  older  workers  who  laid  tide  foundations  of  our  science, 
and  whow  names  I  have  not  done  much  more  than  barely  mention.  Those  inter- 
ested in  the  giants  of  the  past  should  consult  it.  But  what  I  propose  to  take  op 
this  morning  ii  the  work  or  tho<(e  who  have  during  more  leeent  day*  been  engaged 
in  the  later  stages  of  the  building.  The  edifice  is  far  from  completion  even  now. 
It  is  one  of  the  charms  of  physiological  endeavour  that  as  the  older  areas  yield 
their  secrets  to  the  explorers  new  ones  are  opened  out  which  require  equally 
oareftU  inveatigaiion. 

If  even  a  supfrficial  survey  of  modern  pliyslolop'ical  literature  is  taken,  one  ii 
at  once  struck  wilh  the  frreut  prepondt'rauce  of  papers  and  books  which  have  a 
chemical  bearing.  In  this  the  physiological  journals  of  to-day  contrast  veiy 
markedly  with  thooe  of  thirty^  twenty,  oi  even  ten  years  ago.  The  aiatsr  acfanee 
of  chemical  pathology- is  makinq- similar  rapid  strides.  In  some  universities  the 
importance  of  biological  chemistry  is  recognised  by  the  foundation  of  chairs  which 
deal  with  that  subject  alone ;  and  though  in  the  United  Kingdom,  owing  mainly  to 
lack  of  toda,  this  aapeet  of  the  advance  of  aeienee  ia  mit  v«r^  evident,  there  ars 
aigna  that  the  date  cannot  be  far  distant  when  eveiy  weJl-equipped  university  or 
university  college  will  follow  the  example  aet  va  at  many  seats  of  on  the 

Ck)ntinent  and  at  LiverpooL 

With  these  introductory  remarks  let  ma  now  proceed  to  deacribe  what  appear 
to  me  to  be  the  main  featurt  ri  of  chemical  physiology  at  the  present  time. 

The  first  point  to  which  1  .shall  direct  your  attention  is  the  rapid  way  in  which 
chemical  physiology  is  becoming  an  exact  science.  Though  it  is  less  than  twenty 
yean  since  X  began  to  teach  physiology,  I  can  remember  perfectly  well  a  time 
when  thoee  who  devoted  their  work  to  the  ohemioil  ode  of  the  aeiaM  m^gkt 
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almost  Iw  eoimted  tm  tlra  fingen  of  one  ud  whea  ebonutts  loolied  "with 
acttoely  veiled  contempt  on  moht  was  at  that  timo  called  physiological  cliemlstry: 

they  stated  that  physiologists  dealt  with  messes  or  impure  materials,  and  therefore 
aoything  ia  the  nature  ol  correct  knowledge  was  not  possible.  There  was  a  good 
deal  of  troth  in  thote^atatMbciit^  and  if  physiologists  to-day  camiot  qoito  say  that 
thay  have  changed  all  that,  they  can  at  any  late  aaaert  with  truth  that  they  are 
chan^ng  it.  This  is  due  to  a  fn"<^wnij  mpprochement  between  chemists  and 
physiologists.  Many  of  our  younger  physiologists  now  go  through  a  thorough 
preliminary  chemical  training ;  and  on  the  other  hand  there  is  a  growing  numoer 
of  chemists — of  whom  EmilFiicher  may  be  taken  as  a  type — ^who  are  beg^ning  to 
recognise  the  importance  of  a  systematic  study  of  substances  of  physioloprical 
interest.  A  very  striking  instance  of  this  is  seen  in  the  progress  of  our  knowledge 
of  the  carbohyarates,  which  has  culminated  in  the  actual  synthesis  of  several 
memben  of  the  sugar  group.  Another  instance  is  seen  in  the  accurate  informa- 
tion we*  now  po88e.«8  of  the  constitution  of  uric  acid.  When  ^^i'"^r!l  r  bt  gan  his 
work  on  tlie  chemical  composition  of  tlie  nuclei  ot"  cells,  and  SfparatM  from  them 
the  material  he  called  nuclein,  he  little  foresaw  the  wide  practical  application  of 
his  work.  We  now  know  that  it  is  in  the  metabolism  of  cell-nuddi  that  we  have 
to  look  for  the  oxidative  formation  of  uric  acid  and  other  substances  of  the  purine 
family.  Alrondy  the  chemical  relationships  of  uric  acid  and  nuclein  have  taught 
practical  physicians  some  of  the  secrets  that  underlie  the  occurrence  of  gout  and 
allied  ^Bsoraers. 

With  the  time  at  my  disposal,  it  would  be  impossible  to  discuss  all  the 
chemico-vital  problems  which  tne  physiologists  of  the  preeent  day  are  attempting 
to  solve,  but  there  is  one  subject  at  which  many  of  them  are  labouring  which 
seams  to  me  to  he  of  supieme  importsnee— I  mean  the  ehemical  eonstitation  of 
TBN/Uad  or  albuminous  substances.  Proteids  are  produced  only  in  the  living 
laboratory  of  plants  and  animals ;  proteid  metabolism  is  the  main  chemical 
attribute  of  a  living  thing ;  proteid  matter  is  the  all>important  material  present  in 
protoplasm.  But  in  spite  of  the  Ofverwhelmbg  importaooe  of  the  sahjeet  ehemists 
and  physiologists  alike  have  far  too  long  fought  shy  of  attempting  to  unravel 
the  constitution  of  the  proteid  molecule.  Tlii?  molecule  is  the  most  complex  that 
is  known :  it  always  contains  five,  and  often  six,  or  even  seven  elements.  The 
task  of  thoroughly  understanding  its  eompositkm  is  necessarily  Test,  and  adTaaee 
alow.  But  little  by  little  the  puzzle  is  being  solved,  and  this  final  conquest  of 
organic  chemistry,  when  it  does  arrive,  will  furnish  physiologists  with  new  light 
on  many  of  the  dark  places  of  physiological  science. 

The  leTiTal  of  the  Titahstic  conception  in  physiological  work  appears  to- 
me a  retrograde  t«  ^ .  To  explain  anything  we  are  not  fully  able  to  understand 
in  the  light  of  physics  and  cnemistry  by  labelling  it  as  vital  or  something  we 
can  never  hope  to  understand  is  a  confession  of  ignorance,  and,  what  is  still 
more  humful,  a  bar  to  progress.  It  mav  be  that  there  is  a  special  force  in 
living  things  that  distinguMhes  them  from  tne  inor^^uuic  world.  If  this  is  so,  the 
laws  that  repnlate  this  force  must  be  discovered  ainl  Tnenj^ured,  and  I  have  no 
doubt  that  those  laws  when  discovered  will  be  found  to  be  as  immutable  and 
regular  as  the  force  of  pavitation.  I  am,  however,  hopeful  that  the  scientific 
workers  of  the  future  will  discover  that  this  so-called  vital  force  Is  due  to  certain 
physical  or  chemical  properties  of  living  matter  which  have  not  yet  been  brought 
into  line  with  the  known  chemical  and  physical  laws  that  operate  in  the  inorganic 
world,  but  which  as  our  knowledge  of  chemistry  and  physics  increases  will  ulti- 
mately be  found  to  he  snhserrient  to  such  laws. 

Let  iiif  taire  as  an  example  the  subject  of  osmosis.  The  laws  Avhlch  regulate 
this  phcnouieiion  througli  dead  membranes  are  fairly  well  known  and  can  be 
experimentally  verified ;  but  in  the  living  body  there  is  some  other  maniiestalion 
of  foroe  which  operates  in  sueh  a  way  as  to  neutralise  the  known  fbree  of 
osmosis.  Is  it  necessary  to  suppose  that  this  force  is  a  new  one  ?  May  it  not 
rather  be  that  our  much  vaunted  knowledge  of  osmosis  is  not  yet  complete?  It 
is  quite  eas^^  to  understand  why  a  dead  and  a  living  membrane  shoudd  behave 
difnraitly  in  lebtioii  to  sahstancss  that  are  passing  through  them.  The 
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molecules  of  the  dead  membmie  are,  comparatiTely  speakiog,  ptanfo  aad  staUa; 

the  molecules  in  a  membrane  made  of  living  cells  are  in  a  constant  state  of 
chemical  inteirration  and  disintegration ;  they  are  the  most  unstable  moU-cules 
we  know.  Is  it  to  be  expected  that  such  molecules  would  allow  water,  or 
•ttbetances  dissolved  in  wattr,  to  pMi  between  them  and  nmaiB  entiwiy 
inactive?  The  probability  appears  to  me  to  be  all  the  other  way;  the  sub- 
stances passing,  or  attempting  to  pa-iS,  between  the  molecubs  will  }>e  ca'i-'l 
upon  to  participate  in  the  chemical  activities  of  the  molecules  tiiembclves,  and  m 
the  boildjiig  up  and  breaking  down  of  tbe  compoanda  ao  formed  there  inll  bo  a 
transformation  of  chemical  energy  and  a  liberation  of  what  loolc?  like  a  new  force. 
Before  a  phypicist  decides  that  his  knowledge  of  osmosis  is  tinal,  let  him  attempt 
to  make  a  membrane  of  some  material  which  ia  in  a  state  of  unstable  chranical 
equilibriaiBy  a  atote  in  aome  way  comnaraUo  to  what  ia  called  HMtabblini  in 
living  protoplasm.  I  cannot  conceive  that  such  a  task  is  insuperable,  and  when 
accomplished,  and  the  behaviour  of  such  a  membrane  in  an  osmometer  or  dialyaer  is 
studiea,  I  am  convinced  that  we  shall  find  that  the  laws  of  osmosis  as  fonniilated 
for  tmrh  dead  aabatanoaa  aa  wo  hare  hitherto  uaad  wiU  ba  foond  toieqniio  nmoa. 

Such  an  attitude  in  toforaoce  to  vital  proUania  appears  to  be  infinitely  ftite^ 
able  to  that  wliich  too  many  adopt  of  poatiTO  content,  aaying  the  pheaomengii  ia 
Tital  and  there  is  an  end  of  it* 

When  a  adentifio  man  aaya  thia,  or  thbt  Tital  phonomeooo  eannot  be  fnralamiwl 
by  the  laws  of  chemistry  and  physics,  and  therefore  must  be  regulated  by  laws  of 
some  other  nature,  he  most  unjustifiably  assumes  that  the  laws  of  chemistry  and 
physics  have  all  been  discoverea.  He  foigets,  for  instance,  that  such  an  important 
dotail  aa  the  eonatitntionof  the  proteid  mobcdo  baa  atiU  to  be  made  out. 

The  re^nt  history  of  adence  gives  an  emphatic  denial  to  aodi  a  snppoeitiQB* 
All  my  listeners  have  within  the  last  few  years  seen  the  discovery  of  tlie  Kontgen 
rays  and  the  modem  development  of  wireless  telegraphy.  On  the  chemical  side 
we  have  witnessed  the  discovery  of  new  elements  in  the  atmosphere  and  the 
introduction  of  an  entimlT  naw  branch  of  chemiatry  called  physical  chemistry. 
With  such  examples  ready  to  our  hands,  who  can  say  what  further  di.<;roverie!!i 
^ill  not  shortly  be  made,  even  in  such  well-worked  tields  as  chemistry  and  physics  ? 

The  mention  of  physical  chemistry  brings  me  to  what  I  may  term  the  second 
head  of  my  discourse,  the  second  striking  characteristic  of  modem  chemical 
physiology:  this  is  the  increasing-  importance  which  physiolon-isrs  recognise  in  a 
atudy  of  morganic  chemistry.  The  materials  of  which  our  bodies  are  composed 
are  mainly  organic  compounds,  among  which  the  proteids  stand  out  as  pre- 
eminently important;  bat  everyone  knows  there  are  many  substances  of  the 
mineral  or  inorganic  kingdom  pre'^ent  in  addition.  I  need  hardly  mention  the 
importance  of  water,  of  tike  oxygen  of  the  air,  and  of  salts  like  aodium  chloxade  and 
calcium  phosphate. 

The  new  Drench  of  inorgame  chemistry  called  nhysical  chemistry  has  giTen  na 

•entirely  new  ideas  of  the  nature  of  solutions,  ana  the  fact  that  electrolytes  in 
solution  are  broken  up  into  their  constituent  ions  is  one  of  fundamental  import- 
ance. One  of  the  many  physiological  aspects  of  this  subject  is  seen  in  a  study  of 
the  action  of  mineral  aalta  in  aolntlon  on  Uving  organiama  and  parte  of  otganisma. 
Many  years  ago  Dr.  Hinger  showed  that  contractile  tissues  (heart,  cilia,  &c)  con- 
tinue to  manifest  their  activity  in  certain  saline  solutions.  Howell  goes  so  far  as 
to  say,  and  probably  correctly  say,  that  the  cause  of  the  rhythmical  action  of  the 
heart  ia  tbe  preaanee  of  theae  inmganie  aabatancea  in  the  blood  or  h  mpL  whUk 
usually  bathes  it.  The  subject  has  more  reoentiv  been  taken  up  by  lioeb  and  hil 
colleagues  at  Chicago  :  they  confirm  Ringer's  original  statements,  but  interpret  them 
now  as  ionic  action.  Ck>ntractile  tissues  will  not  contract  in  pure  solutions  of  noa- 
electrolyte  like  sugar  or  albnmin.  Bat  diffuaot  contractile  tiaanea  diiler  in  the 
nature  of  the  ion.s  which  are  their  most  favourable  stimuli.  An  optimum  salt 
solution  is  one  in  whieli  ^^'inmlating  ions,  like  those  of  sodium,  are  mixed  with  a 
certain  small  amount  of  those  which  like  calcium  restrain  activity.  Loeb  considers 
that  the  iooa  tot  bacavaa  they  aifeet  either  the  physical  copdHian  of  tha  eoHoidal 
aabataneae  (proteid,  Ac.)  in  pvotoplaam  or  tho  rapidity  of  chamieal  pfocpaatt. 
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Amo'boul  movpmont,  ciliary  movement,  the  contraction  of  muscle,  cell  division, 
atid  karyokinesis  all  fall  into  tkd  same  category  aa  being  maiolj  dependent  on  the 
atimulating  action  of  ions. 

Loeb  has  efven  gone  to  &r  as  to  eonsidar  that  the  process  of  fertiUsation  is 
mainly  ionic  action ;  he  denies  that  the  nuclein  of  tlie  malo  crll  is  essi-ntial,  but 
asserts  that  all  it  doas  is  to  act  as  the  stimulus  in  the  due  adjustment  of  the  pro- 
portions of  the  surrounding  ions,  and  supports  this  view  by  numerous  experiments 
on  ova  in  which  without  the  pfcuKnoe  or  spennatoioa  ho  nas  prodaoed  larve  by 
merely  altering  the  saline  constituents  and  so  the  osmotic  pressure  of  the  fiuid 
that  surrounds  them.  "Whether  such  a  sweepinpr  and  almost  revolutionary  notion 
will  stand  the  test  of  further  verihcation  must  be  left  to  the  future;  so  also 
must  the  equally  important  idw  that  itorrous  impulses  are  to  be  mainlj  eacphuned 
on  an  electrolytic  basis.  But  whether  or  not  all  the  details  of  such  work  will 
stand  the  test  of  time,  the  experiments  1  have  briefly  alluded  to  are  sufficient 
to  ahow  the  importance  of  physical  chemistry  to  the  physiologist,  and  they  also 
Ibm  a  useful  commentafy  on  what  I  was  saying  just  now  about  yitalism.  Such 
eminently  vital  phenomena  as  movement  and  fertilisation  are  to  be  ozplained  in 
whole  or  in  part  as  due  to  the  physical  acti<in  of  inorganic  substances.  Are  not 
such  suj^stions  indications  of  the  undesirabiUty  of  postulating  the  existence  of 
any  special  mystic  vital  force  P 

I  have  spdcen  up  to  this  point  of  physical  chemistry  as  a  branch  of  inorganic 
chemistry;  there  are  already  indiration?  of  its  importance  also  in  relation  to 
organic  chemistry.  Many  eminent  chemists  consider  that  the  future  advance  of 
organic  chemistry  will  be  on  the  new  physical  lines.  It  is  impossible  to  forecast 
where  this  will  lead  us;  suffice  it  to  say  that  not  only  physiology,  but  also 

Eathology,  pharmacology,  and  even  therapeutics,  will  xcoeiTO  new  aooessions  to 
nowle4f?e  the  importance  of  which  will  be  enormous. 

1  have  now  briefly  sketched  what  appear  to  me  to  be  the  two  main  features  of 
the  chemical  physiolojry  of  to-da^,  and  the  two  lines^  organie  and  anoiganie,  along 
which  I  believe  it  will  progress  in  the  future. 

Let  me  now  press  upon  you  the  importance  in  physiology,  as  in  all  experimental 
sciences,  of  the  uecesbity  first  of  bold  experimentation,  and  secondly  of  bold 
theorising  from  experimental  data.  Without  experiment  all  theorising  is  futile; 
the  discoverv'  of  gravitation  would  never  Imve  seen  the  light  if  laborious  years  of 
work  had  not  convinced  ^sewtoIl  thut  it  could  be  deduced  from  his  observations. 
The  Darwinian  theory  was  similarly  based  upon  data,  and  experiments  which 
occupied  the  ffieater  part  of  its  authors  lifetime  to  collect  and  paform.  Futeur 
in  France  ana  Virchow  in  Germany  suj^ply  otlu  r  instances  of  the  same  devotion 
to  work  which  was  followed  by  the  promulgation  of  wide-sweeping  generalisation?. 

And  after  all  it  is  the  general  law  which  is  the  main  obJ|ect  of  research ; 
isolated  ftefes  nay  be  interssting  and  are  often  of  ynluop  but  it  is  not  untU  &ets 
ate eorreUted  and  the  discoverers  ascertain  their  intsmlationships  thatanythiog 
of  epoch-making  importance  is  given  to  the  world. 

it  is,  howsTer,  frequently  the  case  that  a  thinker  with  keen  insight  can  see  the 
menllaw  even  bet  ore  the  facts  upon  which  it  rests  ate  fully  worked  out.  Often 
such  bold  theorisers  are  right,  but  even  if  they  ultimately  turn  out  to  be  wrong, 
or  only  partly  rifrht,  they  liave  given  to  their  fellows  some  general  idea  on  which 
to  work if  the  general  idea  is  incorrect,  it  is  important  to  prove  it  to  be  so  in 
Older  to  discover  what  is  right  later  on.  No  one  has  ever  seen  an  atom  or  a 
molecule,  yet  who  can  doubt  that  the  atomic  theory  is  the  sheet  anchor  ot 
cli»^mistry  P  Mendeleetf  formulated  his  periodic  law  before  many  of  the  elements 
were  discovered ;  yet  the  accuracy  of  this  great  generalisation  has  been  such  that 
it  has  actually  led  to  the  discovery  of  some  of  the  missing  elements. 

I  purpose  to  illustrate  the»e  general  lemsiks  by  a  brief  allusion  to  two  typical 
sets  of  researches  carried  out  during  recent  years  in  the  region  of  chemical  pnysio- 
logy.  I  do  not  pretend  that  either  of  them  has  the  same  overwhelming  import- 
ance as  the  great  discoveries  I  have  alluded  to,  but  I  am  inclined  to  think  that  one 
of  them  comes  very  near  to  that  standard.  The  investigations  in  question  are 
those  of  Ehrlich  and  of  Pkwlow,  The  work  of  £hrlich  mainly  illuatintet  tiie  useful 
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part  ployed  by  bold  llieoriiiing,  the  work  of  Pawlow  tluit  plajred  by  th»  intiodiie* 
tton  of  now  and  bold  niethod8  of  expt^riment. 

I  will  take  Pawlow  iirst.  This  energetic  and  original  Kaesian  phydolc^st  kaa 
br  bis  new  netbode  eocceeded  in  tbrowiog  an  eiil3i«lj  new  %ht  on  tbe  proce«see 
of  digestion.  Ingeniously  devised  surgical  operations  hare  enabled  hiai  to  obtam 
tbe  Tarioua  digestive  juices  in  a  state  of  nb«<olute  purity  and  in  large  quantity. 
Their  composition  and  their  actions  on  the  various  foodstuffs  have  thus  been  ascer- 
tained  in  a  manner  never  before  aoeomplished ;  an  apparently  unfailing  resource- 
fulness in  devising  and  edniting  experimental  mtitbou  has  enabled  hun  and  bie 
fellow  workers  to  discover  the  paths  of  the  various  nerve  impulses  by  which  secre- 
tion in  the  alimentary  canal  is  regulated  and  controlled.    The  importance  of  the 

riychical  element  in  the  process  of  digestion  has  been  experimentally  verihed.  If 
were  asked  to  point  out  what  I  considwed  to  be  tlio  most  important  oatoomo  of 
all  this  painstaking-  work,  I  should  begin  my  answer  by  a  number  of  negative^,  and 
would  say,  not  the  discovery  <»f  the  !5*»cretory  nerves  of  tlii^  jifomach  or  pancreas; 
not  the  correct  analysis  of  the  gajstric  juice,  nor  the  fact  that  the  intestinal  juice 
bas  most  use  All  digestive  functions;  all  of  these  an  diaooretiee  of  wbieb  anyooo 
might  have  been  rightly  jiroud  :  but  after  nil  tliey  are  more  or  les.^  i.-olated  facts. 
The  main  thing  that  Pawlow  lias  shown  is  that  digestion  is  not  a  succession  of 
isolated  acts,  but  each  one  is  related  to  its  predecessor  and  to  that  which  foiiowa 
it ;  tbe  prooeee  of  digestion  ia  tbua  a  continnoua  whole  ;  for  example,  Uia  aeidHj 
of  the  gastric  juice  provides  for  a  delivery  of  pancreatic  juice  in  proper  quantity 
into  the  intestine ;  the  intestinal  juice  acts  upon  the  pancreatic,  and  so  enaole:^  the 
latter  to  perform  its  powerful  actions.  I  am  afraid  this  example,  as  I  have  tersely 
atated  it,  preeents  tbe  subject  ntber  inadequately,  bnt  it  will  smve  to  diow  wbs(fc 
I  mean.  JFurtber,  tbe  composition  of  the  various  juices  is  admirablv  adjusted  to 
the  needs  of  the  organi^im  ;  when  there  is  niTtch  proteid  to  be  dig^este^ .  tbe  proteo- 
lytic activity  ofthe  juices  secreted  is  correspondingly  high,  and  the  same  is  true  for 
Uie  other  constituents  of  tbe  food.  It  is  such  genem  conclusions  aa  these,  tbe  ooi^ 
relation  of  isolated  facts  leading  to  tbe  formiuation  of  the  law  that  the  digestif 
procoFs  18  continuous  in  the  sense  T  have  indicated  and  adapted  to  the  needs  of  tbe 
work  to  be  done,  that  constitute  the  great  value  of  the  work  from  tbe  Hus^ian 
laboratory.  Work  of  this  sort  is  sure  to  stimulate  otbers  to  fill  in  tbe  gaps  and 
complete  the  picture,  and  already  has  borne  ihdt  in  tbis  direction.  It  has,  fat 
instance,  in  Starlinp'f  hands  led  to  the  discovery  of  a  chemical  stimulus  to  pan- 
creatic secretion.  This  is  formed  in  the  intestine  as  the  result  of  the  action  of  tbe 
gastric  acid,  and  taken  by  tbe  blood-stream  to  tbe  panereaa.  Wbetber  tbis  tecretm 
as  it  is  called  may  h-  one  of  a  ^Toup  of  similar  chemical  stimuli  wbicb  operate  in 
other  parts  of  the  body  hns  still  to  be  found  out. 

The  other  series  of  researches  to  which  1  referred  are  those  of  Ehrlich  and  his 
colleagues  and  followers  on  the  subject  of  immunity.  This  subject  is  one  of  such 
importance  to  every  one  of  us  that  1  am  inclined  to  |)lsce  the  discovery  on  a  level 
with  those  great  (lipcnveries  of  natural  laws  to  which  I  alluded  at  the  outset  of 
this  portion  of  my  Address.  1  hesitate  to  do  so  yet  because  many  of  the  details 
of  the  theory  still  await  verification.  But  up  to  the  present  all  is  working  in  that 
direction,  and  Ehrlichia  ideas  illustrate  tbe  value  of  Imd  theorising  in  tiia  haadta  of 
clear-sii:hted  and  far-sneinp-  individuals. 

But  when  I  say  that  the  doctrine  is  bold,  I  do  not  mean  to  infer  that  tbe 
experimental  facts  are  scanty  ;  they  are  just  the  reverse.  But  in  the  same  way 
that  a  chemist  baa  never  seen  an  atom,  and  yet  be  believes  atoms  exist,  so  no  one 
has  yet  ever  seen  a  toxin  or  antitoxin  in  a  state  of  purity,  and  yet  we  know  they 
exist,  and  this  knowledge  promises  to  be  of  incalculable  benefit  to  au&riiig 
humanity. 

It  may  not  be  uninteresting  to  state  briefly,  for  tbe  baneflt  of  fboae  to  whm 
ibe  subject  is  new,  tbe  mam  faeta  and  an  outime  of  tbe  tbeoij  wblcb  ia  based 

upon  them. 

We  are  all  aware  that  one  attack  of  manv  infective  maladies  protects  a» 
agamst  anotber  attack  of  tbe  same  disease.  The  person  ia  add  to  w  Mnjmoii 
enber  partially  or  oompletelT  against  tbat  diaeaae.  Vaccination  prodoeea  in  a 
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pfttieot  an  attack  of  cowpox  or  vaccinia.  This  disease  is  related  to  smallpox,  and 
some  still  hold  that  it  is  smallpox  modifiL'd  and  rendered  less  maligrftnt  by  passing^ 
through  the  body  of  a  calf.  At  any  rate  an  attack  of  yaccinia  renders  a  person 
immune  to  bmallpox,  or  variola,  for  a  (x:rtain  uumber  of  Tears.  Vaccination  is  an 
ipBtMice  of  whftt  is  caUed  prtiUeHvB  inoeulatim,  whicn  ia  now  pnustised  iHth 
more  or  less  success  in  reference  to  other  diseases  like  plag^ue  and  typhoid  fever. 
The  study  of  immunity  has  also  rendered  possible  what  may  be  called  curative 
tnoaUatiotif  or  the  injection  of  antitoxic  material  as  a  cure  for  diphtheria,  tetanus, 
make  poiwnnng,  ftc. 

The  power  the  blood  possesses  of  slaying  bacteria  was  first  discovered  when 
the  effort  was  made  to  gjow  various  kinds  of  bacteria  in  it ;  it  was  looked  upon 
aa  probable  that  blood  would  prove  a  suitable  soil  or  medium  for  this  purpose. 
It  wai  found  in  some  iniitiftnww  to  havo  eiactly  the  opposite  eifeet.  The  enenMcal 
characters  of  the  substances  which  kill  the  bacteria  aia  not  fully  known ;  indeed, 
the  same  is  true  for  most  of  the  substances  wo  have  to  Hpeak  of  in  this  connection. 
Absence  of  knowledge  on  this  particular  point  has  not,  however,  prevented 
important  diaDoveriee  firom  bebg  made. 

So  fiur  aa  ia  kKmn  at  present,  the  substances  in  question  are  proteid  in  nature. 
The  bactericidal  powers  ot  blood  are  destroyed  by  heating  it  for  an  hour  to  56°  C. 
"Whether  the  substances  are  enzymes  is  a  disputed  point.  So  also  is  the  question 
irlietber  they  are  derived  from  toe  leoeoeytes;  the  lakoiee  of  evidence  sman  to 
me  to  be  in  &vour  of  this  view  in  many  cases  at  any  rate,  and  phag(x-\  tosia  Deoomea 
more  intelligible  if  this  view  is  accepted.  Tlie  substances,  whatever  be  their  source 
or  their  chemical  nature,  are  sometimes  called  alexins,  but  the  more  usual  name 
now  applied  to  them  is  that  d  baeieruhfymns. 

Closely  allied  to  the  baetericidal  power  of  blood,  or  Uood-eemm,  is  ita 
globulicidal  power.  By  this  one  means  that  the  blood-serum  of  one  animal  haa 
the  power  of  dissolving  the  red  blood'corpuscles  of  another  species.  If  the  serum 
of  one  animal  is  injected  into  the  blood-stream  of  an  animal  or  another  species,  the 
feanlt  ia  a  destruction  of  its  red  corpuscles,  which  may  be  so  excessive  as  to  lead  to 
the  passing  of  the  liberated  haemoglobin  into  the  urine  (hsemoglobinnria).  The 
substance  or  aubstanoes  in  the  serum  that  possess  this  property  are  called 
hcemolysijUy  and  though  there  ia  some  doubt  whether  bacterio-lysins  and  heemo- 
lyrina  aie  ahaolntely  identical,  there  ia  no  donht  that  they  ave  doeeiy  related 
Mbetances. 

Another  interesting  chemical  point  in  this  connection  is  the  fact  that  the 
bactericidal  power  of  the  blood  is  closely  related  to  its  alkuimity.  increase  of 
aUndinit^  meane  inereaee  of  hacterieidal  power.  Venous  hlood  contains  mora 
diffusible  alkali  than  arterial  blood  and  is  more  bactericidal;  dropsical  effusions 
are  more  alkaline  than  normal  lymph  and  kill  bacteria  more  easily.  In  a  condition 
like  diabetes,  when  the  blood  is  less  alkaline  than  it  should  be,  the  susceptibility 
to  infeetiooa  diieeeee  la  inereased.  Alkalinity  is  probably  beneficial  became  it 
favours  those  oxidative  processes  in  the  oella  of  the  body  whidi  are  bo  eeeential 
for  the  maintenance  of  healthy  life. 

Normal  blood  possesses  a  certain  amount  of  substauees  which  are  inimical  to 
the  fife  of  our  baeterial  foee.  Bot  suppose  a  person  ^ets  ran  doini;  sTeiyone 
knows  he  is  then  liahle  to  '  catch  anythmg.'  This  coincides  with  a  dloDunntion  in 
the  bactericidal  power  of  his  blood.  But  even  n  perfectly  healthy  person  has  not 
an  unlimited  supply  of  bacterio-lysin,  and  if  the  bacteria  are  sufficiently  numerous 
he  will  iUl  a  Tieom  to  the  disease  they  produce.  Here,  however,  comes  in  tho 
remarkable  part  of  the  defence.  In  the  struggle  ho  will  produce  more  and  more 
bacterio-lvsin,  and  if  he  gets  well  it  means  that  the  bacteria  are  finally  vanquished, 
and  his  blood  remains  rich  in  the  particular  bacterio-lysin  be  has  produced,  and  so 
win  lender  him  immune  to  farther  attacks  ftmn  that  partienlar  ^edee  <^  baote* 
num.  Bvsfy  baeterium  seems  to  cause  the  development  of  a  specific  bacterio-lysin. 

Immunity  can  more  conveniently  be  producea  gradually  in  animals,  and  this 
applies,  not  only  to  the  bacteria,  but  also  to  the  toxins  they  form.  If,  for  instance, 
the  bacilli  which  produce  diphtheria  are  grown  in  a  suitable  medium,  they  produce 
the  dijphtheiia  poiaoD,  or  toxm,  much  in  the  same  way  that  yeast-oeUa  wiu  |mduoa 
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alnohol  when  gjown  in  a  solution  r,f  su{?ar.  Diphtheria  toxin  is  associated  with 
a  proteose,  as  is  also  the  case  with  the  poison  of  soake  venom.  If  a  certain  small 
dose  called  a  *  lethal  doee' is  inj^ted  into  a  guinea-pig  the  result  is  death.  Bat 
if  the  guinea-pi^'  receives  A  smaller  dose  it  will  recover ;  n  few  dftysafltr  it  will 
stand  a  rather  larger  dose  {  and  this  may  be  continued  until  after  many  successive 
gradually  increasing  doses  it  will  finally  stand  an  amount  equal  to  many  lethal 
doses  without  any  ill  effects.  The  gradual  introduction  of  the  toxin  has  called 
Ibith  the  production  of  an  antitoxin.-  If  this  it  done  in  the  horse  inaleid  of  th« 
guinea-pig  the  production  of  antitoxin  is  still  more  marked,  and  th^^  H»'rurrt  h- 
tain^'d  from  th»'  blood  of  an  irnmiini"»p(l  harm  may  be  used  for  injecting  into  human 
beiugs  butreriug  from  diphtheria,  and  rapidly  cures  the  disease.  The  two  actions 
of  the  blood,  antitcnde  ud  uUhMtanal,  are  fnqoeiitly  tMOOtftted,  Imt  mmj  b* 
entirely  distinct. 

The  antitoxin  is  also  a  prot»Md  probably  of  the  naturo  of  a  globulin  ;  at  any 
rate  it  is  a  jproteid  of  larger  molecular  weight  than  a  proteose.  This  soggests  a 
pmetioal  point.  In  the  oaae  of  niBko-bite  the  poison  gets  into  the  Uood  rapidly 
owing  to  the  comparative  ease  with  which  it  diffuses,  and  so  it  is  quicUj 
carried  all  over  the  body.  In  treatment  with  the  antitoxin  or  antivenin,  spe^  m 
evervthing  if  life  is  to  be  saved ;  injection  of  this  material  under  the  skin  is  xK>t 
araeh  good,  Ibr  the  diffusion  into  the  blood  is  too  slow.  It  should  he  injected 
straight  away  into  a  blood-vessel. 

There  is  no  doubt  that  in  these  cases  the  antitoxin  neutralises  the  toxin  much 
ia  the  same  way  that  an  acid  neutralises  an  alkali.  If  the  toxin  and  antitoxin 
eve  mixed  in  s  test-tabe,  sad  time  sUowed  fSvr  the  intertetion  to  oosoTf  the  reenh 
is  an  innocuous  mixture.  The  toxin,  however,  is  merely  neutralised,  not  destrov*  I ; 
for  if  the  mixture  in  the  test-tube  is  heated  to  (>8°  the  iv"t*<^^»  is  ooeguiated 
and  destroyed  and  the  toxin  remains  as  poisonous  as  ever. 

Immunity  is  distii^ishsd  Into  nUim  and  fktmve,  Aetire  immunity  is  pio» 
dooed  by  the  develfmment  of  protective  subetances  in  the  body ;  pssBve  immunity 
by  the  injection  of  n  piotcetiTe  serum.  Of  the  two  the  formsr  is  the  moie 
permanent. 

Hiein^  the  poisonons  protnd  of  castoiK>il  seedi^  and  o&rm,  that  of  tiw  Jequirity 
bean,  also  proauce  when  gradually  given  to  animals  an  iflununity*  dns  to  tlks  pro* 

duction  of  antiricin  and  antiabrin  respecti\  cly. 

Khrlich's  hy]^thesis  to  explain  such  facti  is  usually  spoken  of  as  the  gide^kain 
Hkeoty  of  immunity.  He  considers  that  the  toxins  are  capable  of  uniting  with  the 
forotoplasm  of  living  cells  by  possessing  groups  of  atoms  hke  those  by  which  nntri* 
live  proteids  are  united  to  cells  durinp  normal  assimilation.  He  terms  these 
haptophor  groups,  and  the  groups  to  which  these  are  attached  in  the  ceUs  he 
terms  receptor  groups.  The  introduction  of  a  toxin  stimulates  an  excesdve  pro- 
duction of  receptors,  which  are  finally  thrown  out  into  tiie  circulation,  and  the 
free  circulating  receptors  constitute  the  antitoxin.  The  comparison  of  the  process 
to  assimilation  is  justified  by  the  fact  that  non-toxic  substances  like  railk  intro- 
duced gradually  by  successive  doses  iuto  the  blood-stream  cause  the  formation  of 
anti-sttbstancee  capable  of  coagulating  them. 

Up  to  this  point  I  have  spoken  only  of  the  blood,  but  month  by  month  workers 
are  bringing  forward  evidence  to  show  that  otht  r  ct'lls  of  the  body  may  bv  sirailfir 
measures  be  rendered  capable  of  jproducuig  a  corresponding  protective  mechanism. 

One  further  development  of  the  theory  I  must  menticMi.  At  least  two  diflmant 
substances  are  necessary  to  render  a  serum  bactericidal  or  globulicidal.  The 
bacterio-lysin  or  haemolysin  consists  of  these  two  substances.  One  of  these  is 
called  the  immtme  bodjf,  the  other  the  complement.  We  may  illustrate  the  use  of 
these  terms  by  an  examnls.  The  repeated  injection  of  the  blood  of  one  aaimsl 
(e.^.,  the  goat)  into  the  blood  of  another  animal  {e  g.,  a  sheep)  aftff  a  time  renders 
the  Intter  animal  immune  to  further  injections,  and  at  the  same  time  causes  the 
production  of  a  serum  which  dissolves  readily  the  red  blood-corpuscles  of  the  first 
animal.  The  sheep's  serum  is  thus  hmmolytie  towards  goata  blood-eotpnsdas 
This  power  is  detftKnred  bv  heating  to  66*  C.  for  half  an  hour,  but  returns  when 
fiesh  foal*s  serum  is  adiled.  TIm  speeiiie  immnwiwng  substaaoe  fonned  in  the 


Digitized  by  Google 


TBARBACnOirS  OP  SBCnON  I 


779 


eheep  is  called  the  immune  body;  the  ferment-like  substance  destroyed  by  heat  Ia 
tlie  complement.  The  latter  in  not  specidc,  aiuce  it  is  farnibhed  by  the  blood  of 
non-immunised  animals,  bnt  it  is  neverthelMa  eeseotial  for  hmnolysia.  Ehrlii^ 
believes  that  the  immune  body  has  two  side  p^roupa — one  wliich  connects 
with  the  receptor  of  the  red  corpuscles  and  one  -which  unites  with  the  luipto- 
phor  group  of  the  complement,  and  thus  renders  possible  the  fermeut-Iiiie  aciiou 
of  the  eomplemeiit  on  the  led  corpuedee.  Vanout  antibeeterial  senmui  which 
have  not  been  the  success  in  treating  disease  they  were  expected  to  be  are  probably 
too  poor  in  complement,  though  they  may  contain  plenty  of  the  immune  U)dy. 

Quite  distinct  from  the  bactericidal,  globuUcidal,  and  antitoxic  proj^rties  of 
blood  is  its  agglutinatiiip  aetion.  Tms  is  another  result  of  infeetion  with 
many  hinds  of  bacteria  or  their  toxins.  The  blood  acquires  the  property  of 
rendering  immobile  and  clumping  together  the  specific  bacteria  used  in  the  infec- 
tion. The  test  applied  to  the  Uood  in  cases  of  typhoid  fever,  and  generally  colled 
Widal*s  rea<^0D,  depends  on  this  fiiet. 

The  substances  that  produce  this  effect  are  called  agglutinins.  They  also  are 
probably  proteid-like  in  nature,  but  are  more  resistent  to  heat  than  tlie  lynns. 
Prolonged  heating  to  over  60°  C.  is  necessary  to  destroy  their  activity. 

*' Lastly,  we  come  to  a  question  which  moia  directly  appeals  to  the  ph^sioloo^it 
tlian  the  preceding,  because  experiments  in  rdation  to  immunity  hare  Aimished 
us  with  what  has  hitherto  been  laddog,  a  means  of  distinguishiBg  human  blood 
from  the  blood  of  other  animals. 

The  discovery  was  made  by  Tchistoritch  (1899),  and  his  original  experinmit 
was  as  follows  :— Rabbits,  dogs,  goats,  and  guinea-pigs  were  ino^ated  with  eel- 
serum,  which  is  toxic:  he  thereby  obt&ined  from  these  animals  an  antitoxic  perum. 
But  the  serum  was  not  only  antitoxic,  but  produced  a  precipitate  when  added  to  eel- 
serum,  but  not  when  added  to  the  serum  of  any  other  animal.  In  other  words,  not 
only  has  a  spsdfic  antitoxin  been  produced, but  also  a  specific  vredpitin.  Numerous 
observers  have  since  found  that  this  is  a  general  rule  throughout  the  animal  king- 
dom, including  man.  If,  for  instance,  a  rabbit  is  treated  with  human  blood,  the 
eerum  ultimately  obtained  from  the  rabbit  contains  a  specific  precipitin  for  human 
blood;  that  is  to  say,  aprscipitate  is  formed  on  adding  such  a  rabbit's  serum  to 
human  blood,  but  notwben  added  to  the  blood  of  any  other  animal.'  The  great 
value  of  the  test  is  its  delicacy  :  it  will  detect  the  specific  blood  when  it  i-*  greatly 
diluted,  after  it  has  been  dried  for  weeks,  or  even  when  it  is  mixed  with  the 
Uood  of  other  animals. 

I  have  entered  into  this  subject  at  some  length  because  it  ?o  admirably  illus- 
trates the  kind  of  research  which  is  now  in  progress ;  it  is  alao  of  interest  to  others 
than  mere  physiologists.  I  have  not  by  any  means  exhausted  the  subject,  but  for 
ftar  I  may  eothaust  my  audience  let  me  hssten  to  a  condusiott.  1  began  by 
Oldogising  the  progress  of  the  branch  of  science  on  which  I  have  elected  to  speak- 
to  you.  Let  me  conclude  with  a  word  of  warning  on  the  danger  of  over- 
^^ialisatioD.  The  ultra-specialist  is  apt  to  become  narrow,  to  confine 
huBself  so  closely  to  Ids  own  groovo  that  he  forgets  to  notice  what  is  occurring 
in  the  parallel  and  intercrossing  grooves  of  others.  But  those  who  devote  them- 
selves to  the  chemical  side  of  physiology  run  but  little  danger  of  this  evil.  The 
eubiect  cannot  be  studied  apart  from  other  branches  of  pbvsiology,  so  closel^r  are 
both  branches  and  roots  intertwined.  A  s  sn  illustration  ci  uiis  may  I  be  permitted 
to  speak  of  t^orae  of  my  own  work  ?  During  the  past  few  years  the  energies  of 
my  laboratory  have  been  devoted  to  investigations  on  the  chemical  side  of 
nervous  activity,  and  I  have  had  the  advantage  of  co-operating  to  this  end  with 
s  number  of  inTest^ators,  of  whom  I  may  psrtieulatly  mention  Dr.  Hott  end 
Dr.T.  r:.  Brodie.  But  we  soon  found  that  any  narrow  investigation  of  the  chemical 
ropcrties  of  nervous  matter  and  the  changes  this  undergoes  during  life  and  af^er 
eath  was  impossible.  Our  work  extended  in  a  pathological  direction  so  as  to 
inmtigate  the  matter  in  the  brains  of  those  suffering  from  nervous  disease ;  it 

^  There  may  be  H  slight  reaction  with  the  blood  of  allied  animals ;  for  instance, 
with  monkey's  blood  in  the  case  of  man. 
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ertended  in  a  Idatokgical  direetiaii  ao  as  to  determine  the  chemical  meamng  of 

various  staining  reactions  presented  by  normal  and  abnomnfil  structures  in  the 
brain  and  spinal  cord ;  it  extended  in  an  experimental  direction  in  the  elucid»> 
Uon  of  the  phenomena  of  fatigue,  and  to  ascertain  whether  there  was  any  differ^ 
eneeiamedullatedandnoa-llieaullated  nerve  fibres  in  this  respvct :  it  extended  into 
what  one  may  call  a  pharmacological  direction  in  the  inTe.-tip^ati<in  ■  f  the  action 
of  the  poisonous  products  of  the  breakdown  of  nervous  tissues.  1  think  I  have 
said  enough  to  show  you  how  intimate  are  the  connections  of  the  chemical  with 
the  other  aspects  of  pnydology,  and  althoQ|:h  I  have  given  you  but  one  instance, 
that  which  is  freshest  to  my  mind,  the  same  cnuM  be  said  for  almost  SBf  other 
well-planned  piece  of  research  work  of  a  bio-chemical  nature. 

We  have  now  before  us  the  real  work  of  the  Section,  the  reading,  hearing,  lind 
seeing  the  researches  which  will  be  brought  finward  by  members  of  the  Associa- 
tion, and  I  must,  in  thanking  you  for  your  attention,  apologise  for  the  length  of 
time  I  have  kept  you  from  these  more  important  matters. 


Ihe  following  I^apcrs  were  read : — 

1.  The  Hydrolysis  of  Glycogen. 
By  W.  A.  OsBOKNE,  D.Sc.f  and  S.  Zobel. 


2,  On  the  JfUMrveUioti  «md  MimemmU  of  ihe  Siomaek, 
By  W.  Paok  Mat»  MJ>, 


3,  Tht  Functions  of  the  Rods  and  Cones  of  the  Relinokm 
My  F.  W.  £dbi]>G£-Gb££n,  M,D. 


FRIDAY,  8EPTSMMBR  IS. 

The  following  Papers  were  read  ; — 

1.  Ojn,  tht  Diuretic  Action  of  Pitu  itary  Extracte* 
By  Professor  £.  A.  Schafsb,  i\£.S. 


2,  On  the  Behtiw  JSjffeeiB  <if  Section  of  the  Pyramidal  TraeU  and  Anterier 
Columne  in  Ae  Monley.   By  ftof eesor  K  A.  SchIfbh,  FJLS, 

The  experiments  show  that  seetioD  dfher  of  the  pyramidal  tracts  m  the 
medulla  omongata  or  of  the  anterior  columns  of  the  spinal  cord  is  followed  hf 

paralysis  of  voluntary  motion  in  the  parts  of  the  body  helow  the  section.  Since 
the  descending  fibres  of  the  anterior  columns  are  in  the  main  derived  from  the 
cells  of  Deitets*  nadens  in  the  meduUa  oblongata,  and  Deiters*  nndeas  is,  en  ^ 
other  hand,  related  to  the  part  of  the  anditory  nerve  whidi  is  connected  to  the 
semicircular  canals,  and  since  further  destruction  of  the  semicircular  canals  has 
been  proved  to  be  followed  by  loss  of  tone  of  the  muscles  of  the  body,  it  seems 
probable  tiiat  the  effect  of  section  of  the  anterior  columns  in  causing  paralysis  is 
also  due  to  loss  of  tone,  in  the  same  way  that  section  of  the  posterior  roots  of  the 
nerves  supplying  a  limb  may  cnuse  voluntary  paralvsis  of  the  mnsdss  of  that 
limb  by  producing  loss  of  tone  in  the  motor  nerve  cells. 
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3.  A  Com  ^  Paraljfn$  of  Converffinee* 
By  OmL  Sbaw,  M,D, 


T" 


4.  Determination  of  thn  L'^ast  PercepWJ''  Tow-difference  among  the  People 
qfthe  Torres  iitraiU  and  qf  Scotland,   Hy  C.  S.  Mtbbs,  M.A,^  M.D,^ 


5.  Some  new  Featuret  in  1^  Jniimaie  Siruoture  of  the  Human  Cerebral 

Cortex,  By  Jonv  Turnbb,  M,B, 

I.  The  new  features  referred  to  are  : — 

(1)  A  beaded  network  enveloplnff  the  pyramidal  cells  of  the  cortex  and  their 
dendrites,  which  although  it  haa  hoea  seeu  iu  auimaU  by  intra-vitam  staining  haa 
not  before  heen  demonstrated  in  hnmsii  beings. 

(2)  An  intercellular  plexus  of  nerve-fibrils  which  has,  I  belit^ve,  not  before 
been  actually  demonstrated.  The  method  employed  consists  in  staining  pieces  of 
brain  tissue  in  a  mixture  of  methylene  blue  and  peroxide  of  hydrogen  direct  on 
their  removal  firon  the  bod;|r,  i.e.,  without  pfevions  hardening  or  fixing.  The 
tissue  is  eubtegue/Ufy  fixed  in  solution  of  molybdate  of  ammoniai  dehydrated, 
and  cut  in  paraffin. 

IL  The  points  dealt  with  are 

(1)  The  perifieUnlar  netwoilc 

(3)  The  differentiation  of  the  cells  into  pale  and  dark  yarieties. 

(3)  The  origin  of  the  network  from  the  dendrites  of  the  dark  ceils. 

(4)  The  junction  of  collaterals  also  with  the  network. 

(5)  The  mtercellnlar  plexus  of  fine  fibrils. 

1,  Thp  Xetirork. — It  is  phown  to  envelope  the  body  and  the  protoplasmic 
process  of  the  pale  or  pyramidal  system  of  cells,  and  it  is  not  a  closed  structure 
Moeeeding  from  the  arborisation  of  a  single  fibre,  but  shows  numerous  delicate 
nbrils  passing  to  it  on  all  sides ;  and  as  tbese  can  be  shown  to  proceed  from 
different  cells,  it  follows  that  such  cells  must  be  in  organic  continuity  with  each 
other.  The  beads  on  the  network  appear  to  form  the  nodal  points  for  the 
meshes. 

It  is  suggested  that  the  appearance  of '  thorns '  on  the  protoplasmic  processes 
of  the  pyramidal  cells  shown  by  Golgi's  method  is  really  an  artefact,  caused  by  a 
deposition  of  the  silver  about  the  little  tags  which  pass  oif  nearly  at  right  angles 
finun  the  heads  of  the  network,  both  from  the  oeU-body  sod  its  dendrites. 

S.  The  DiffermUkaion  of  the  Cells  into  Pale  and  park  VarieUet^TtM 
pyramidal  cells  are  very  lightly  stained,  and  as  a  rule  their  processes  cannot  be 
followed  far;  other  cells  and  their  processes  are  very  darkly  stained,  almost 
Uadr  hi  man^  eases. 

This  division  of  cells  is  also  maintained  in  the  cerebellar  cortex^  where  the 
•niler  cells  are  pale  and  the  basket  and  small  cortical  cells  are  dark. 

There  are  other  distinctions  which  mark  oti'  the  two  varieties,  e.^.,  the  dark 
cells,  unUln  the  pyramidal,  show  no  definite  orientation :  ther  are  of  Tarious  shapes 
and  sises,  but  are  generally  small  and  most  often  oval  or  pofygonalin  shape ;  ther 
occur  scattered  about  throuo-hout  the  cortex,  at  least  from  the  second  to  the  fourtn 
layers  inclusive,  but  are  most  numerous,  roughly  speaking,  about  the  iunction  of 
tfaie  outer  and  middle  thirds  of  the  cortex,  and  more  numerous  in  the  urontal  and 
oodpttal  regions  than  in  the  so-called  motor  (ascending  firontal) ;  some  of  them 
have  ascending  axis  cylinders  (Martmotti  s  cells),  others  have  descending. 

3.  The  dendrites  of  the  dark  cells  branch  into  delicate-^eaf/^^^i  librila,  and  it  can 
be  demonstrated  that  these  are  directly  united  to  and  in  fact  form  the  pericellular 
network* 
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Tkem  delicate -beaded  Vranches  and  also  fine-headed  ttBiiolm,  iriudi  eoiM  off 
in  great  numbf^n<  from  the  couier  biuchet  (giving  tham  ft  dbi^ggf  apfMniiea)^ 
form  the  intercellular  plexaa. 

4.  OoUaCamli  gif«n  off  from  tlw  uia  cjluiders,  probably  of  pynunidftl  eella, 

can  aUo  be  demonstrated  to  join  to  the  networic. 

6.  Th^  InterceUuIar  Ple  nu. — This  consists  of  a  dense  mass  of  eitremelr  fine- 
beaded  fibrils  intersecting  each  other  in  all  directions,  bat  probftbljr  not  joinii^  at 
the  iateneelaoaa. 

It  eaa  be  demonstrated  to  proceed  from  the  dendrites  of  the  daik  eeOs  aad  to 

pass  to  the  pericellular  networK.  In  fjirt  the  network  is  merely  an  extension  of 
the  plexu9,  but  apparently  except  at  Uus  network  the  individual  fibree  which 
meet  together  on  all  sides  to  form  it  do  not  j<Hn  but  merely  overlap. 

This  plexus  ditfers  essentially  from  those  eoneneetfby  (but  never  deaaonatrated) 
Gerlfich,  GoIf^M,  or  Nevil,  inasmvi'^h  as  it  is  not  a  derivative  from  th<>  protop!i\-;r:i" * 
proces-es  of  the  pyramidal  cellij  aud  is  only  indirectly  concerned  with  tbe-f>  cell* 
by  means  of  the  junctions  of  the  collaterals  already  referred  to,  and  whidi 
proliaUlj  are  given  off  from  tlw  azla  cyliadera  of  tiio  pyramidal  eella. 

CoiM/unon. 

TIm  aboTO  obaervatioaa  ahow 

(1)  That  there  iaoqriiem  of  oortioal  nenr»«eUa  which,  by  means  of  their 
protoplasmic  prococ«4>«<,  are  in  organic  continuity,  through  the  mediooi  of  o  pmi- 
cellular  network  wbich  envelopes  the  pyramidal  cells. 

(2j  That  collaterals,  arising  in  all  probability  from  the  axes  cylinders  of  the 
pyramidal  cells,  also  join  on  to  this  network. 

(3)  And  that  theiofora  praetioaUjr  all  the  nenre-oaUa  of  the  eoiiex  are  in 
organic  continuity. 

(4)  It  is  sug^sted  that  the  difference  in  staining,  shape,  &c.,  of  the  two 
irarietiea  of  cells  implies  a  corresponding  diflTerence  in  flnetaon,  and  aa  w%  liave 
good  ground  for  Msociatinjr  the  pyramidal  cells  with  motor  functions,  that  the 
dark  cells  are  associated  with  sensory  functions — in  other  words  that  ther  are 
hearers  and  distributors  of  afferent  stimuli,  and  that  by  this  method,  therefore, 
wo  h«Te  o  meana  of  aliowiDg  where  ingoing  emmnta  «nd  and  when  outgoing 
Cttirents  are  initiated. 

(6)  But  if  the  dark  cells  are  bearers  of  afferent  stimuli  thia  further  implies 
that  nerve-currents  do  not  invariably  flow  in  one  direction — viz.,  from  the  dendht«» 
to  the  cell  and  from  tlie  eeU  oat  by  way  of  the  axis  cylinder,  a  fioir  very  generally 
held— but  that  in  ioma  caaea  it  flowa  into  tba  call  hj  the  asia  cjUnder  and  out  by 
the  dendritea. 


6.  The  Nervcnts  System  of  the  Cattiel, 
By  W.  Pagb  May,  M,D, 


7.  Regeneration  oj  Nerves. 
By  W.  D.  Haluburtov,  M.D^  F.BJS.,  and  F.  W.  Morr,  MJ)^  FJLSi 

Some  ozperimanta  whidi  we  performed  on  the  nonroa  of  cato,  and  wbieb  M 

for  their  object  the  study  of  the  process  of  degeneration  in  nerre-fibna^  havo  kd 
us  during  the  past  year  to  take  up  the  related  question  of  re^neration. 

From  the  microscopic  study  or  the  distal  portions  of  divided  nerve-trunks  we 
arrited  at  the  conelvsion  that  the  actiTtty  of  the  nenrflemmal  eella  baa  aooie  leb- 
tion  to  the  development  of  the  new  nerve-fibres.  These  cells  elongate  and  become 
connected  end  to  end,  and  thus  lead  to  the  formation  of  whet  look  like  embijoaiB 
nerve-fibres. 

Those  who  baTe  worked  at  the  regenentton  of  aflffOiAbiia  may  he  divided  into 
two  ichoola:  thoee  who  believe  that  the  new  flbcea  iprout  oat  from  the  eentml 
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■tmnp  of  the  divided  nerv9»  and  those  wbo  consider  that  the  new  fllnee  hare  s 

peripQeral  origin.  Those  who  hold  the  lattvr  view  rely  almost  exclusively  on 
nistological  evidence;  a  strand  that  looks  like  a  ner?e-fibre  to  the  microscope 
cannot  be  a  nerre^fibre  unless  it  is  shown  experimentally  by  stimulation  to  be  both 
ezdtaUe  Mid  eapehla  of  eoDdnctiiig  nervo-impulsee.  Amoogr  reoent  writef8» 
HoweU  and  Huber,  who  have  used  both  histological  and  experimental  methods^ 
hare  arrived  at  the  conclusion  that  although  the  peripheral  structures  are  active 
in  preparing  the  acaffoldingi  the  axis  cylinder,  the  essential  portion  of  a  nerv»- 
fihn,  oas  an  exdnaively  cential  origin.  Oar  experiments,  wueh  have  been  mad* 
on  monkeys,  are  at  present  inooBplete,  and  this  commimication  moat  therafore  be 
regarded  as  only  of  a  preliminary  nature.  But  so  far  as  we  hm  gone  at  pnseot 
our  conclusions  tend  to  confirm  those  of  Howell  and  Huber. 

One  ezperiment  which  we  have  done  was  suggested  to  ns  hj  PMifeaMr  €k)teh. 
and  the  result  was  very  striking.  A  large  nerve  was  divided  and  the  ends  sutured 
together.  After  a  sufficient  length  of  time  had  passed,  restoration  of  function  led 
us  to  suppose  that  regeneration  had  occurred.  The  nerve  was  exposed ;  the  union 
of  the  two  ends  was  foand  to  have  been  aceomplishedy  and  the  nerve  was  excitable 
below  and  above  the  junction.  A  piece  of  the  nerve  was  then  excised  a  little 
distance  below  the  junction,  and  on  histological  examination  of  this,  new  nerve- 
fibres  were  discovered  in  it.  After  this  second  operation  the  wound  was  closed 
up  and  the  animal  allowed  to  liye  for  ten  days  longer.  It  was  then  killed^ 
and  the  nerve  both  above  and  below  the  second  cut  examined;  no  degenera> 
tion  was  found  in  the  nerve-fibres  above  the  lesion,  but  there  wasdistinct  evidence 
of  the  degenerative  process  in  the  fibxes  of  the  peripheral  end,  which  was  quite 
inexcitable.  This  showed  us  that  the  defeneration  process  which  followed  the 
difaetion  of  growth  had  occurred  in  a  penpheral  direction  only,  and  is  a  strong 
piece  of  evidence  that  prowth  had  not  started  from  the  periphery  centralward?,  or 
at  anv  rate  that  the  direction  of  nutritive  control  is  from  the  centre  towards  tho 
periphery. 

Other  experimenta  whieb  we  have  done  illustrate  the  important  influence  of 

Btimulus  in  the  repenerativo  process.    A  monkey's  arm  was  rendered  immobile  by 
the  division  of  a  number  of  the  upper  posterior  roots.    The  anterior  comual  cell* 
from  which  the  motor-fibres  originate  are  thus  not  subjected  to  stimuli  from  the 
periphery,  and  the  arm  is  aa  much  paralysed  as  if  the  anterior  roots  had  been  cat. 
Warrington  has  already  shown  that  under  these  circumstances  the  anterior  horn 
cells  undergo  the  chromatolytic  change  which  is  associated  with  inactivity.  A 
large  nerve  in  the  arm  (ulnar  or  median)  was  then  divided,  and  the  sanne  nervo. 
was  divided  on  the  noD*para]jaed  aide  as  a  control  ezperiment.  The  animal  was 
finally  lolled ;  the  interval  between  the  operation  axid  death  varied  in  different 
experiments.    We  have  already  found  that  if  sufficient  time  had  elapsed,  union  of 
the  divided  ends  occurred  on  both  sides  of  the  body,  but  on  the  side  oorre- 
spoodinff  to  that  on  which  the  poefeerior  roots  bad  been  uvidedtha  nerve  was  either 
inexcitable  or  required  veij  atrong  Faradic  stimulation  to  make  it  respond ^ 
histologically  the  nerve  showed  a  much  looser  texture,  and  new  nerve-fibres 
though  nresent  were  less  numerous  than  on  the  control  side,  where  the  microscope 
reveaiea  that  r^geneiatioa  bad  ooenrred  in  the  uanal  way,  and  the  new  nerve- 
fibres  responded  to  atimnli  readily.  Tbia  tanda  to  show  the  unportaoceof  ftlmiilu» 
to  the  fifaiative  pioeesa. 


8ATUBDAY,  SEPTEMBER  18. 
The  Section  did  not  meet. 
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MONDAY,  SBPTEMBSR  15. 

The  following  Papers  aud  Reports  were  read  :— 

1.  The  E$tiination  of  Urea  in  Phynohgical  FlMi, 
By  J.  Baboroit,  JbT^.,  B,8c, 


%  Demomiraiian  of  Edinger'a  Apparahu  fir  HigJier  MagwfieoBtMm  ni 
Stironaer  LighL  By  Ftofenor  Stmivoton,  M.D^  amd  Cksl  Sbav, 


S.       PigmsnU  i^Ox  BUe,   By  W«  A.  Osbobhb, 


4.  The  IndefaiigahUity  of  MediUJaUd  Nerve* 
By  Fn^esMr  IS.  Gotoh, 


5.  Report  on  the  Work  of  the  Mammaiian  Heart, — See  Reports,  470. 


6.  B^»ort  on  the  Miero-chemietry  <^  CelU, — See  Beporti»  pi  4701 
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BionoN  K.— BOTANY. 

Pkesidest  of  mB  Section— Professor  J.  REixoLDa  Grsen,         Sc.D.|  F.R.S. 


THURSDA  r,  SEPTEMBER  11, 

The  Preflident  deliYend  the  foUowing  Addiew : — 

The  visits  of  the  Brit  ish  Associatioa  to  a  particular  city  recur  with  a  certain 
irregular  frequency  and  bring  with  them  a  teraptAtion  to  the  President  of  a  Section 
to  dwell  in  his  opening  Address  on  the  progress  made  iu  the  i^cience  associated 
wttb  thftt  Section  during  the  uitflir?al  bet^roen  such  consecutive  visits.  This 
coiir-<'  possesses  a  certain  fiiaeinntion  of  its  own,  for  it  enables  us  to  realise  how 
fur  lilt'  i)atinut  investigations  of  years  have  ultimately  led  to  definite  advances  in 
knowledge  and  to  appreciate  the  dit&culties  that  have  invoivcd  disappointments, 
and  that  still  have  to  be  surmounted.  We  like  to  look  back  upon  the  struggles, 
to  record  the  triamphSr  to  deplore  the  failurei^  and  to  brace  ounelvee  for  new 
efTorts.  The  opportunity  aflbrded  hereby  for  criticism  of  methods,  for  reconsidera- 
tion of  what  have  bf»en  held  to  be  fundamental  principl«'s,  for  the  laying'  down  of 
new  lines  of  work  baaed  upon  longer  experience,  shows  us  how  desirable  such  a 
periodical  retrospect  may  be. 

Standinfr  as  we  do  uliiiost  at  the  threshold  of  n  ne\r  centurv,  it  seems  particit* 
larly  uilvi>able  that  wo  shall  occupy  our  thoufrhts  with  some  such  considerations 
to-dav.  1  do  not  wbh,  liowever,  so  much  to  dwell  upon  the  past  and  to  lead 
my  netrera  to  rest  in  any  wny  latiafied  with  the  eehieyements  of  the  hist 
century,  phenomenal  as  they  have  been,  as  to  direct  attention  to  the  future  and 
to  place  ]}efore  you  some  of  those  problems  which  at  the  opening  of  the  twentieth 
century  we  find  awaiting  investigation,  if  not  solution. 

I  can  only  attempt  to  deal  with  a  small  portion  of  the  hotanical  field.  These 
are  the  days  of  specialisation,  and  when  anyone  is  said  to  be  a  botanist,  the 
qneetinn  which  arises  at  once  is,  Which  particular  section  of  botany  is  he 
associated  with  ?  The  same  principle  of  subdivision  which  cut  up  the  old  subject 
of  Natural  Hbtory  into  Zoolo^,  Botany,  and  Geology  has  now  gone  further  as 
knowledge  has  increased,  and  tmnse  or  perhaps  four  departments  of  botany  must 
be  recopnijwd,  each  demanding  as  much  study  as  the  whole  subject  seemed  to 
only  fifty  years  ago.  I  shall  therefore  confine  my  remarks  to-day  to  the  field  of 
▼egetable  physiology. 

I  should  like  at  the  outset  to  recommend  this  seetion  of  botanical  work  to 
those  of  the  ynunper  scliool  of  botanists  who  are  con  tern  plat  in*,'  orifiririal  rest^arch. 
To  my  mind  the  possibilities  of  the  living  organism  as  such  present  a  faacination 
which  is  not  afforded  hy  the  dry  bones  of  morphology  or  histology;  valuable  as 
nsearches  into  the  latter  are,  chey  seem  to  me  to  derive  their  importance  very 
largely  from  the  pa<?t,  from  the  possibility  of  indicating  or  ascertaining,'  the  lino 
of  descent  of  living  t'orms  and  the  relation  of  the  latter  to  their  remote  nncestors. 
The  interest  thus  excited  seems  to  me  to  be  rather  of  an  academic  character 
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when  compered  with  the  actuel  probleme  of  preeeot-dey  life,  ita  stroffKleii 

triumphs,  and  defeats  in  the  conflict  for  exist -nee  wapred  to-day  by  .  very  livinsr 
organism.  The  importance  of  the  study  of  physiolo^^y  as  bearing  upon  tb-* 
problems  of  the  morphologist8  ha^,  i  need  hardly  say,  been  folly  recoguieed  by 
the  worken  in  that  field.  I  may  quote  heve  a  aeatenoe  or  two  from  the  Addf«e 
of  one  of  my  distinguished  predecessors,  who  said  at  Liverpool,  *  There  is  a  chnse 
relfttion  between  tneso  two  branches  of  biolo;2'y,  at  any  rate  to  those  who 
maintain  the  Darwinian  position,  for  from  that  point  of  view  we  see  that  all  the 
ehaiaeten  which  the  morphologiet  haa  to  compare  are,  or  haTO  been,  adaptm. 
Hjence  it  is  impossible  for  the  morphologist  to  ignore  the  fonctions  of  thoaa 
organs  of  which  he  is  studying  the  homologies.  To  those  who  accept  the  oiwia 
of  species  by  variation  and  natural  selection  there  are  no  such  things  as  morpwH 
logical  chaneteri  para  and  timple.  Theie  an  not  two  diatiact  catasnriea  of 
characters — a  morphological  and  a  phyaiological  eategocy — totr  all  chaiaeCeia 
alike  aie  physiological.' 

But  apart  from  the  considerations  of  the  claims  of  T^et&ble  physiology  based 
tipon  ita  own  lattinsie  adautific  raloe  and  the  btereat  which  ita  probleiiia  poaaaM 
for  the  worker  himself,  and  upon  the  place  accorded  to  it  as  its  relationahip  to 
morphology,  it  must,  I  think,  be  rccop^nised  as  being  of  fundamental  economic 
importance,  especially  in  these  times  of  agricultural  depression.  For  many  years 
now  it  has  been  reoogniied  that  agriculture  is  baaed  upon  aeienee;  tittt  it 
involves  indeed  properly  tiie  application  of  adentific  principles  to  the  cultivation 
of  th«'  soil.  But  when  we  look  back  upon  what  has  passed  for  afirricuUural 
science  since  the  alliance  between  the  two  has  been  admitted,  we  cannot  bat 
recognise  how  lamentably  deficient  in  breadth  it  has  been.  Tlie  ch«^mif!al 
compoaition  of  the  soil  and  subsoil  haa  been  investigated  with  some  thonmghnsss 
in  many  districts  of  the  country.  The  effect  of  it.s  various  conBtitu^nt?  on  the 
weight  and  quality  of  the  crops  cultivated  in  it  has  been  exhaustively  inquired 
into,  and  a  considerable  amount  of  information  as  to  what  minerals  are  advan* 
tageously  applied  to  the  soil  in  which  particular  plants  are  to  be  aown  haa  bscn 
acquired.  A  kind  of  empirical  knowledge  is  tlius  in  our  possession,  in  aooM 
respects  a  xery  detniled  one,  ^qtiantitjitiv'^  m  well  as  qualitative  records  being 
available  to  the  inquirer.  But  elaborate  as  have  been  the  researches  iu  the^se 
directions,  and  ooetlV  and  troableaome  aa  the  inveatigationa  have  been,  they  have 
been  Imrdly,  if  at  all,  more  than  empirical.  Till  quit*'  recently  tho  physiologicxl 
idiosyncra?ie3  of  the  plants  round  which  all  tbese  inquiries  centn  d  were  almot 
entirely  ignored.  No  serious  attempt  was  made  to  ascertain  the  way  in  which  a 
plant  benefited  by  or  anflMl  from  the  prseenee  of  a  partienlar  ccnatitaent  of  the 
soil.  What  influence,  for  instance,  has  potassium  or  any  of  its  compounds  upon 
the  general  metabolism  of  the  plant  P  Does  it  affect  all  its  normal  nutritive 
processes,  or  does  it  specially  associate  itself  with  some  particular  one  ?  If  so 
which  one,  and  how  doea  the  plant  respond  to  ita  proaenee  or  absence b^  naM>di(ying 
its  1)ehaviaurP  So  with  phosphorus  again;  hardly  any  investigation  can  be 
made  into  the  nutritive  procepses  of  a  plant  without  this  element  becoming  mose 
or  less  prominent.  In  some  c&ses  the  empirical  results  already  referred  to  show 
an  esonnoQB  influence  on  the  crop  exerted  1^  aolaUe  phosplmteB  in  the  acfl  or 
the  manure  applied  to  it.  But  what  can  yet  ba  aaid  aa  to  the  role  played  by 
phospbonif  or  oy  phosphates  in  the  metabolic  proceeses  in  the  plant  ?  Further, 
how  do  ditlereut  plants  show  different  peculiarities  in  their  reactions  to  the^ 
▼arioua  eonatitueata  of  the  aoil  ?  For  the  adTanee  of  agricultore  the  aindj  of  the 
plant  itself  must  now  ba  added  to  the  study  of  the  soil.  The  fact  that  it  is  a 
living  organism  pojoessing  a  certain  variable  and  delicate  constitution,  responding 
in  particular  ways  to  differences  of  environment,  capable  of  adapting  itself  to  a 
aertain  extent  to  its  conditions  of  life,  dealing  in  particular  ways  with  diffiBsest 
nutritiTe  aubetances,  must  not  only  be  leeogniaed,  but  must  be  the  baua  for  the 
researches  of  the  future,  which  will  thus  supplement  and  enlarge  the  conclusions 
derived  from  those  of  tho  past,  in  some  respects  correcting  them,  in  others  esta> 
blishing  them  on  a  firmer  basb. 

In  pianing  npon  the  younger  aehool  of  botaniitB  dm  infoitanee  of  tUi 
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Uae  of  roiOirrh,  I  do  not  wiah  to  aiiuimiiid  the  ditHculties  that  accompany  iU 
DiffiealUM  of  method  iaaumo  oooMidenible  magnitade,  for  we  have  here  no  ^aeetioii 
of  aection  cnUing  end  mieraeoopie examination.  Vegetable  physiology  ie  allied  very 

closely  to  other  sciences,  and  research  into  its  mysteries  involves  more  than  a 
y'reliminary  acauaintance  with  thi^ra.  K-pHci;illy  must  one  ]>oint  out  thf  im- 
portance, indeed  the  necessity,  ol  ac(^uaiiiUiuce  with  a  certain  range  of  ur^^anio 
ehemittry  end  with  ebemical  methods  of  work.  In  oerCam  dinctioney  too,  physiee 
are  aa  much  involved  aa  diemiatry  in  others.  The  bearing  of  theae  aciencea  in 
farticnl  iv  directions  will  be  referred  to  later. 

1  fear  another  obstacle  stand**  at  the  thre.-*ho!(l  of  research  whieh  looks  suf- 
kciently  formidable.  The  so-called  fuudameatal  l'act«  of  vegetable  physiology 
have  been  laid  down  with  auffieient  dogmatiam  in  text4>ooka  bj  many  writers 
vboae  names  carry  with  them  such  weight  that  it  appeaia  alnmat  Imreey  to  question 
tiieir  statem'^nts.  We  have  been  content  to  accept  many  tliintr^  on  the  authority 
of  the  great  workers  of  the  past,  with  the  re.sult  that  the  advance  of  knowledge 
ka^  been  hindered  by  such  acceptance  of  what  were  deemed  facts,  but  were 
real  ly  inaoeurades.  We  may  refer,  for  instance^  to  the  statement  made  by  Boossuh 
ganlt,  and  accepted  by  most  botanists  ever  dnce  his  time,  that  the  absorption  of 
carbon  dioxide  from  the  air  takes  place  by  means  of  solntion  in  the  cuticle  of  the 
epidermal  cells  of  plants  and  thence  passes  by  diffusion  to  the  ^^eat  a  of  photosynthesis. 
Only  comparatively  recently  has  this  been  shown  to  be  erroneous.  If,  however, 
it  is  onee  leoognised  that  anthority  is  fallible  thia  appaient  ohataele  beeomea  the 
opposite.  The  more  evident  qaeations  have  not  yet  been  solved,  leaTing  only 
the  more  difficult  ones  for  the  present^ay  worker. 

Recognising  the  importance  of  work  in  this  tield,  and  renli?*ini^-  that  with  the 
advent  of  a  new  century  new  departures  must  be  taken,  I  have  thought  1  might 
vantoie  to  direct  the  thoughta  of  my  heaieie,  many  of  whom  I  may  call  my 
OoUeagaes,  to  the  present  position  of  certain  problems  which  have  long  been  the 
wbjectA  of  speculation  ana  which  offer  the  prospect,  if  not  of  complete  solnti<my  at 
any  rate  of  considerable  advance  if  investigated  by  modern  tnethous. 

I  turn  hrst  to  a  few  que^itions  connected  with  the  uutntive  problems  of  plants 
ingsneraL 

There  are  aeveral  theories  abroad  as  to  the  progress  of  events  during  photo- 
synthesis, none  of  which  can  be  recrarded  as  entirely  satisfactory.  For  many 
ri-n-ons  it  8»'ems  desirable  that  tliit>  que.stion  shall  be  thoroughly  in vestig^at^d  in 
tlie  light  of  the  present  condition  of  both  chemical  and  physical  science.  I  may 
perhaps  Tentnie  to  lecall  to  yon  the  principal  hypotheses  of  carbohydrate  fom^ 
tion  which  have  been  advanced,  so  that  ita  present  position  may  be  pioperly 
appreciated. 

The  view  that  has  met  with  the  widest  acceptance  is  that  of  Baejer.  On  his 
hypothesis  the  carbon  dioxide  absorbed  is  decomposed  under  normal  conditions  to 
yield  oarbon  monoxide  and  oxygen ;  a  corresponding  and  coincident  deeompooition 
of  water  leads  to  the  production  of  free  hydrogen  and  oxygen.   The  oxygen  from 

both  sources  is  exhaled,  while  the  carbon  monoxide  and  hydrogen  combine  to  form 
formaldehyde.  The  i'onualduhyde  gives  rise  by  a  process  of  polymerisation  to 
some  form  of  sugar. 

A.  modification  of  this  hypothesis  has  been  advanced,  which  anggeats  that  the 

preliminary  decomposition  of  the  carbon  dioxide  and  the  water  may  not  take 
plaoH,  but  that  by  a  rather  less  violent  reaction  between  them  the  formaldehyde 
may  be  formed  and  the  oxygen  liberated. 

Erlenmeyer  has  suggested  a  somewhat  different  course  of  reaction,  yielding 
Mantially  the aame  reenlta.  He  thinks  it  possible  that  the  first  tnteraetioiiof 


carbon  dioxide  and  water  leads  to  the  formation  of  formic  acid  and  hydrogen 
P'mide,  and  that  these  subsequently  interact  witb  each  others  yielding  fun* 
tidehyde  and  water  and  giving  off  oxygen. 

Many  years  after  the  views  of  Baeyer  appeared,  a  hypothesis  of  a  diderent 
Mne  was  proposed  by  Grato.  He  suggests  that  the  carbon  dioxide  after 
tbwrpticn  becomes  ortho-carbooic  acid,  and  that  this  remains  in  solution  in  the 
ttU  sap.  iniia  add  has  the  itmettue  of  a  cloaed  beueoe  ring  in  which  us. 
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moleenlM  are  linked  togeHier.  Thie  beeomes  decompoied,  libaratii^  n  mI^^ 
of  water  and  six  moIecnlM  of  oxygeo,  and  forming'  a  hfloamdaot  pknol  vUtb 

aubsequently  undergoes  a  molecular  rearrangement  and  becomes  glucoK'^. 

Yet  another  suggestion  was  made  by  Bach  in  1803.  He  pomtii  out  tbs.t  -^h^. 
sulphurous  acid  is  exposed  to  light  it  becomes  trausformcKi  to  suiphunc  itac, 
•nlphar  and  water  being  split  off,  and  be  arguee  tbat  m  firnmaa  aaaAogoos  «tt 
this  maj  take  place  in  a  leaf.  The  carbon  dioxide  nnilii^  witb  water  would  km 
carbonic  acid,  and  this  might  then  split  up  in  the  same  way  as  tho  .«ii]phuT«TOi 
add.  The  carbon  and  the  water  thus  split  off  are  on  this  hypotli-j-i-;  n  t  ^ 
separately,  but  in  combination  as  formaldehyde.  The  higher  c^bon  acia,  to  wiki 
Badi  aaeribea  the  ibimiUa  H9CO4,  splits  up  into  eatbon  dioxide  aad  hvdiog»a 
peroxide,  and  the  latter  is  decomposed  into  water  and  fine  oxygen. 

Lieben  has  still  more  recently  put  forward  the  view  that  f-»nnjc  acid  ii>d  ir* 
formaldehyde  is  formed  by  the  first  decompositions.  He  lia-  f  »und  that  Irarr^s  if 
grasses  and  various  trees  yield  formic  acid  among  other  products  when  mixed  witb 
thMr  own  wdgbt  of  water  oontaining  a  trace  of  aal|»hiirie  aeid,  and  ^eCillidvilb 
steam.  Moreover,  when  carbon  dioxide  ia  acted  upao  bj  naaoent  hjdvofn  tfca 
only  product  is  formic  ncid. 

Tiiese  sperulations  alibrd  many  points  which  might  be  well  nmd»'  th*^  -•srtirur 
places  of  research.  The  views  of  Jiaeyer  have  met  with  most  acceptance,  thou^a 
but  little  auocees  baa  attended  the  ibw  eff»rta  that  have  bean  made  to  ealaUab 
them  by  experiment 

They  involve  several  definite  stages  of  action,  of  which  the  most  importict 
R'em  tlir  pntdiirtion  of  carbon  monoxide  and  hydrogen,  the  formation  o*  f^m- 
aldfhyde,  and  the  construction  of  a  sugar.  The  last  two  questioiis  ariae  su«a  lu 
connection  with  the  hypotheeia  of  fiaeb.  ' 

If  we  examine  the  work  that  has  been  published  baring  on  the  probafaifi^<f 
the  fnn7iatinii  of  carbon  monox!dt»  in  the  plant  wt>  find  little  that  is  5ati=!kc*'^rr. 
The  >t;it(  nit'Tit9  that  hav;.'  l)o»'n  made  art'  opposed  to  ihe  idea  that  carbon  monoiiii* 
is  of  value  iu  nutrition ;  it  is  ^aid  that  when  supplied  to  a  plant  instead  01  cark>a 
dioxide  it  doee  not  lead  to  the  formatioa  of  car bobydimtea.  It  la  further  mtnatti 
that  this  gas  is  of  a  very  deleterious  nature,  and  if  fonoed  would  result  in  tbe 
speedy  death  of  the  protoplasm  of  the  cell  in  which  it  originatesi.    This  idea  i*.  f 
course,  ppeciou!" ;  hut  it  does  not  appear  to  be  well  foun<led.  The  deatlly  ch&rji<  trr 
of  carbon  monoxide  when  inhaled  by  a  human  being  depends  upon  a  pecui<^ 
interforenoe  which  it  cauaea  with  the  oxyRen-oarryin^  power  of  tiie  lea  bleed 
corpuscles.  The  pigment  hraoglobin  to  which  theae  httte  bodiea  owe  their  ase> 
fulness  forms  a  loose  chemical  combination  with  oxygen,  the  compound  b-ein? 
formed  in  the  hlofKi  vessels  of  the  lungs  and  being  decomposed  with  th»^  libersri in 
of  the  oxygen  iu  those  of  the  tissues  of  the  body.    It  is  evident,  Lhereiore,  that  Vir 
value  of  the  corpueolea  aa  oxy^en-cartien  depends  upon  their  InenMiglobin.  When 
this  pigment  is  expoeed  to  carbon  monoxide  it  eombineaidthit  in  the  same  way  as 
it  does  with  oxygen,  forming,  however,  n  more  stable  compound.    The  affinity  r 
this  gas  which  the  pigment  manifests'  is  \  ery  considerable.    Hr^nce  th*^  p<^ist-»n.»t5' 
nature  of  carbon  monoxide.    It  is  easily  seen  that  the  latter  is  a  poison  because  it 
tfarows  out  of  gear  and  temporarily  paralysea  a  moat  eeaential  part  of  timmedHaiai 
of  respiration^  eflfootually  preventing  oxygen  from  reacMng  the  tamnea  of  the  hed||^ 
There  is  no  evidence  here  that  it  exerts  even  a  deleterious  influence  np^n  th^  lirlT^ 
sabstance  it»»eir.    The  only  poisonous  etVect  it  would  be  able  to  exert  on  rhe  pl^t 
would  necessarily  be  of  the  latter  character,  for  there  is  no  O-vygen-carn i:^ 
mecbaaiam  that  conld  be  intarftted  with.  We  cannot  laj  voj  utraw,  tli»aibi%ea 
the  olgection  to  BaefBK'a  Tiewy  baaed  npon  the  acticii  of  caibon  BMnoiiie  wfm 
the  human  organism. 

Another  possibility  may,  however,  be  mentioned.  As  we  shall  s»?t»  later,  then 
are  certain  re^jemblances  between  haemoglobin  and  chlorophyll,  the  vegetable 
pigment  oonoemed  in  pbotoayntbeaiB.  May  not  oaibon  monoxsde  eater  into  soaie 
lehrtionahip  with  the  latter,  and  thereby  indirecdj  binder  ita  activity  ?  Of  that, 
however,  there  is  no  reliable  OTidence^  the  facta  Imown  to  ob  rather  poiatiif  ia  the 
opposite  dixection. 
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Tha  idea  of  the  poisonoas  nature  of  this  gas  may  easily  be  subjected  to  experi- 
gnental  eiaminatioiL  It  woakl  appear  ea«y  to  expose  a  plant  to  an  artificial 

^SL^moephere  made  up  to  different  partial  preasures  of  carbon  monoxide,  to  expose 
i^t  in  such  atmosphere  to  various  conditions  of  warmth  and  illumination  and  to 
laote  the  effect  produced.  It  would  seem  possible  to  examine  a  great  variety  of 
plants  in  that  way,  to  try  both  aerial  and  aquatic  formsi  and  indeed  to  test  the 
TTiattar  axhaoatively.  It  mnat  be  borne  in  mind,  howem,  that  tha  aolnbility  of 
oarbon  monoxide  in  water  is  extremely  small,  and  that  there  may  be  a  great 
xlifficulty  in  g-etting  it  brought  within  the  scope  of  the  iniiuence  of  the  living 
fiubetance  on  that  account.  It  must  necessarily  be  in  solution  in  the  cell  sap  belore 
it  ean  affect  the  aetiTity  of  the  chloroplast.  Even  the  relations  of  solubuity  are 
not,  however,  oataide  toe  lange  of  experiment,  and  it  may  be  that  the  slightly  add 
43eU  sap  has  not  the  same  peculiarities  as  water  as  a  solvent  for  the  gas. 

It  is  important  again  to  take  into  account  in  such  work  the  factor  of  sunlight, 
on  which  the  power  of  photosynthesis  depends.  Should  carbon  monoxide  prove 
45apable  of  serving  as  a  basis  ibr  the  formation  of  carbohydrates,  the  question 
^vould  arise.  Is  me  activity  of  the  chlorophyll  in  sunlight  confined  to  the 
preliminary  formation  of  carbon  monoxide  from  the  dioxide,  or  is  the  eneigy 
derived  from  the  lipht  brought  to  hear  upon  the  subsequent  constructive  pro- 
oeii^es  ?  We  have  httie  or  no  accurate  information  as  to  the  way  in  which  the 
«no|ngy  is  utilised  after  absorption  by  the  chlorophyll. 

'i&M  opens  u|p  a  very  important  but  very  difficult  line  of  work,  which  hrinf^a 
home  to  us  tbe  mtimate  dependence  of  vegetable  physiology  upon  physics.  The 
Jkbsorption  of  energy  from  without,  in  the  form  of  the  radiant  enerjn^  of  the  solar 
rays,  is  certainly  a  fact,  and  to  a  certain  extent  we  can  picture  to  ourselves  the  way 
in  which  it  is  secured.  The  spectrum  of  chlorophyll  shows  ns  a  number  ot 
mboorption  hands  whose  position  oonresponda  with  me  position  in  the  spectrum  of 
places  where  oxygen  is  liberated  in  photosynthesis.  But  the  transformation 
and  applications  of  enerp-y  in  the  body  of  the  vegetable  organism  need  mueh  closer 
examination.  The  intimate  relationship  between  the  ditferent  manifestations  or 
forma  of  energy  and  the  ways  in  which  they  can  be  transformed  into  one  another 
liaTO  heen  verj  nunately  scrutinised  in  recent  times.  What  then  should  hinder 
us  from  learning  something  much  more  definite  than  we  at  present  know  about 
these  transformations  in  the  role  of  vegetable  life?  The  electrical  phenomena 
connected  with  the  movements  of  the  leaves  of  the  Venus's  fly-trap  {Dionaa 
snusc^pula)  have  been  examined  with  considerable  completeness  hj  Burdon 
Sanderson,  and  we  hsTO  learned  that  the  vegetable  and  animal  oiganisms  show 
considerable  similarities  in  this  respect.  Recently  again  Bose  has  made  important 
contributions  to  the  subject  of  the  electrical  response's  to  stimulation  that  can  be 
observed  under  particular  conditions.  A  promising  beginning  has  thus  been  made, 
Irat  only  a  banning.  The  electrical  conoition  of  the  normal  plant  under  different 
conditions  of  rest  and  activity  has  still  to  be  investigated.  If  we  return  to  the 
subject  of  photosynthesis  and  the  work  done  b^^  the  chloroplast,  may  we  not  hope 
to  discover  sometbinp;'  ahont  the  transformation  and  utilisation  of  the  radiant 
•energy  associated  somehow  with  this  structure  ?  Considering  the  relations 
between  the  manifestations  of  energy  which  we  appreciate  respectively  as  light  and 
electricity,  it  does  not  seem  wildly  improbable  to  imagine  that  the  energy 
absorbed  as  the  former  may  lead  to  a  possible  electrolysis  of  carbonic  acid  under 
the  influence  of  the  chloropln.^t,  with  the  formation  of  carbon  monoxide  and 
oxygen.  Pfeffer  has  suggested  that  perhaps  the  decomposition  of  the  ^as  is  not 
duo  to  the  light  rays  at  all,  and  that  they  may  exerdse  onl^  a  stimulatmg  influ- 
ence upon  the  chloroplast,  the  energy  concerned  being  derived  from  heat  rays 
directly  absorbed,  or  neat  vibrations  doived  from  the  more  rapidly  vibrating 
light  rays.  In  this  case  is  the  decomposition  brought  about  directly  by  the  heat 
vibrations,  or  have  we  a  transmutation  into  ^orae  other  form  of  energy  P  The 
whole  subject  seems  at  all  events  a  promising  subject  for  inquiiy. 

Another  problem  connected  with  the  action  of  ehloropnyll  is  associated  with 
the  absorption  of  radiant  energy  by  the  different  r^ions  of  the  spectrum.  Bands 
of  considerable  inteoaity  are  notioeabia  in  the  blue  and  violet,  though  the  deepest 
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alworption  take^  ^  lace  in  the  red.  Yet  Kn^relmann's  classic  bacteriom  roetbod 
phowf^  us  that  vt  ry  little  evolution  of  oxypt'ii  takes  place  iu  tho  position  of  tbese 
bands  iu  the  blue  and  violet.  The  fact  that  abaorption  ot  radiant  energy  and 
photo^thotie  aetinty  ahow  no  qnantitati've  fdatioMhip  ia  ftf  eounaiiot  new,  bafe 
the  reason  remains  still  to  he  discovered.  Van  Tieghem  haa  suggested  an  explana* 
tion  which  recalls  to  us  the  bypotht*?»is  advanced  by  Pfeffer,  just  alluded  to.  This 
explanation  is  that  there  are  two  lactors  concerned  in  tlie  action  of  chiorophjU, 
alaetiva  alMorptitm  of  Ught,  ahowB  by  the  occnnmoe  of  the  abaorption  Daada 
in  the  spectrum,  and  the  calorific  energy  of  the  absorbed  radiations.  The  failure 
of  the  rays  of  the  blue  and  violet  to  ertect  photosynthesis,  in  spite  of  their  nb^orp- 
tioo,  woidd  on  this  view  be  attributable  to  their  poeeessing  but  little  calontic 
anargy.  ^  The  latter  ia  aMociated  maeh  more  itioiigly  with  ue  deep  band  in  the 
red,  which  ia  the  seat  of  the  maximum  evolution  of  oxygen  when  the  apadgmn  ia 
thrown  upon  a  collection  of  active  chloroplasts.  The  heating  rays  alone  are 
inefTectual,  as  shown  by  the  fact  that  there  is  no  liberation  of  oxygen  in  the  region 
ef  the  infi«.red,  doe  no  doabt  to  the  iket  that  chlorophyll  doea  not  abaoib  ttom 
rays. 

Timiriazeff,  in  hi*  f  ln«sical  rp«e»rches  on  the  liberation  of  oxTjren  bv  the  leaves 
of  the  bamboo  when  exposed  m  tubes  of  small  calibre  to  a  laq,;e  spectrum,  foutnd 
that  the  amouDt  of  earbon  dioxide  decomposed  by  leaTee  is  proportional  to  the 
diatiibation  of  efleetiTe  calorific  energy  in  the  apecbnim. 

Van  Tiephem'?  hypothe?!,"  tlijit  this  is  a  matter  of  calorific  energy  may  prove 
to  be  erroneous,  and  yet  his  views  may  re»t  on  fcome  sound  basis.  It  may  be  a 
matter  in  which  electrical  rather  than  calorific  energy  may  be  concerned. 

Betoniiilg  now  to  the  chemical  steps  demanded  by  Baeyer's  hypothesis  thcfO 
are  c<"rtain  considerations  which  may  be  urped  in  favour  ol  the  view  that  carb->n 
monoxide  really  occurs  in  pbotosynthesis.  It  has  bt'en  aaeertained  by  N>>rn3an 
Collie  that  when  a  mixture  uf  gases  containing  a  large  pro^rtion  of  carbon 
dioxide  is  exposed  at  low  prefsures  in  a  Tacoum  tabe  to  the  actum  of  an  electric 
dibcharpe  from  nn  ii.ducticui  coil  there  is  a  vtry  large  formation  of  the  monoxide, 
to^'etbtr  %vith  oxygen,  in  some  caaea  aa  much  aa  70  per  cent,  of  thegaj»  under* 
goni^  decomposition. 

Appealing  to  the  experience  of  Tarious  obeerren  tbete  aeemt  on  the  whela  to 
be  a  balance  of  evidence  in  favour  of  the  power  of  plants  to  live  and  prc^pex 
in  an  atmosphere  contnininp  a  very  con.'*ideraDle  ]>ercentage  of  carbon  raonc.viue. 

The  question  of  the  possibility  of  the  latter  replacing  the  dioxide,  as  the 
theory  appeaie  to  require,  ia  complicated  very  Mriooaly  by  the  difiereneea  cf 
eolubility  between  them.  Carbon  dioxide  dissolves  very  readily  in  water  and  in 
cell  sap  ;  carbon  monoxide  b  almofit  insoluble  in  either.  As  the  amount  of  a  irms 
taken  up  b^  a  aohent  depends  not  only  on  its  solubility,  but  upon  its  partial 
preeaore,  it  la  very  evident  that  we  cannot  compare  the  two  gasee  by  admiitiaf 
the  same  quantity  of  both  to  plants  oader,  aimmtaneous  compari^on.  It  is  only 
necefsary  to  supply  the  dioxide  in  the  proportion  of  four  part8  in  lO.OOC' ;  but  the 
almost  insoluble  nature  of  the  monoxiae  makes  it  inevitable  that  from  two  to  l^re 
per  cent,  diall  be  experimented  with.  The  same  qucation  of  aolnbili^  mahca  H 
almoatOUt  of  the  question  to  experiment  with  an  aquatic  plant. 

It  would  be  ol  considerable  interest  from  this  point  of  view  also  to  inquire 
whether  if  carbon  monoxide  is  liberated  at  the  outset  of  the  photosynthetk  pro- 
eesaea  ita  combination  with  other  groupings  can  take  place  apvt  fttm  the  action 
of  chlorophyll.  If  so  the  fungi  Miould  be  capable  of  carbohydrate  construction 
if  .6upp1ie<l  under  proper  conditions  with  the  monoxide  nr.d  with  hvdiugen.  The 
proper  couditiont!,  however,  might  be  extremely  diiticult  to  establish. 

The  next  stage  in  the  constroctiTe  proceses  affords  still  ample  room  ier 
investigation,  llie  presence  of  formaldehyde  i«  not  the  hypothesis  of  Kaefsr 
alone,  but  is  demanded  according  to  Bach's  views,  though  the  stapes  of  its  hypo- 
thetical construction  are  not  the  same.  We  have  therefore  to  ask  whether  form- 
aldehyde can  be  detected  in  plants,  and  if  so  whetber  the  conditions  under  which  it 
ma^-  exist  admit  of  its  being  considered  an  up-grade  product  in  photosynthen^ 
Objectiona  to  the  theory  of  ita  formation  may  be  advanoed  baaed  opoB  ita  an* 
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doubtedly  poisonous  nature.  Of  all  the  antiseptics  now  nrailable  to  the  bacterio- 
logists it  is  perhaps  the  most  potent,  even  traces  hein^  fatal  to  the  form  of 
vegetable  protoplann  which  ia  fbuna  in  haeteria.  We  may  argue  that  it 
mu&t  be  eqaaliy  deletenons  in  the  oell  eontainiDg  chlorophyll  said  to  the  chloro- 
plast  itself,  as  we  have  no  reason  to  suppose  that  any  ditierence  in  vitality  exists 
between  the  protooiasm  of  different  plants.  At  lirst  sight  this  appears  an  almost 
inaaperable  mflSeulty  in  the  way  of  the  theory.  Formudehyde  has,  howerer,  the 
properties  of  aldehydes  in  genend,  one  of  which  is  the  power  of  condensation  or 
.  polymerisation.  It  passes  with  extreme  readiness  into  a  much  more  inert  form, 
para-formaldehyde^  a  body  in  which  three  molecules  of  the  formaldehyde  are 
0ptouped  together.  It  is  therefore  possible  that  it  may  be  prevented  from  exercising 
Its  dieletaious  properties  by  a  transformation  at  <moe  into  this  oomparatively 
harmless  modification.  This  will  slowly  deoomposo  under  pioptt  oonditioM, 
giving  off  the  free  aldehyde. 

PoUacci  has  stated  that  it  is  possible  to  extract  formaldehyde  from  leaves.  In 
his  experiments  he  took  such  as  nad  been  exposed  to  light  for  a  veiy  considerable 
period  and  thon  rancerated  them  in  water.  After  n  sufficient  extraction  he  dis- 
tilled th*'  h  aves,  tofjether  with  the  wator  in  which  they  had  been  steeped.  The 
first  portions  of  the  distillate  yielded  reactions  indicative  of  the  urtijeiice  of  form- 
aldehyde. His  experiments  do  not  enable  us  to  say  that  free  rarmaldehyde  was 
there,  for  the  more  Etable  jxira-^oTm  would  be  likely  to  dt'Compo';i'  diirinf,'  the 
distillation,  so  that  the  reactions  would  be  explained  without  demanding  the 
presence  of  the  free  aldehyde  in  the  leaves. 

Bat  little  sueeem  hss  attended  hitherto  the  attempt  to  show  that  formaldehyde^ 
in  the  presence  of  chlorophyll,  or  preferably,  we  mny  say,  of  chloroplasts,  can 
give  rise  to  carbohydrates.  We  have  nothing  more  satisfactory  than  LJokorny's 
experiment's,  in  which,  after  failing  to  set  up  photosynthesis  in  a  filament  of 
Spixogyra  feid  with  formaldehyde,  he  succeeded  when  he  supplied  the  alga  with  ita 
compound  with  sodium-b^drogen-sulphite.  Experiments  on  a  more  comprehensive 
scale,  conducted  on  a  Tanety  of  plants  of  different  habit8y  are  needed  before  we 
can  regard  the  process  as  satisfactorily  established. 

We  have  farther  to  pursue  tiie  problem  hy  an  inquiry  as  to  the  nature  of  the 
sugar  first  formed.  Certain  60n8iaerati(»is  lesd  to  the  view  that  it  b  probable 
that  a  sugar  of  the  aldose  typo  must  1m?  accompanied  in  the  plant  by  a  ketose.  The 
hypothesis  as  stated  by  Baeyer,  and  so  far  accepted  till  quite  recently,  took  no 
account  of  the  latter.  The  aldose  grape  sugar  was  the  one  alwaya  sumsted, 
and  from  this  all  othets  met  with  have  been  held  to  be  constructed.  The  first 
appearance  nf  a  ketose,  levulose,  or  fruit  sugar,  has  been  n^snciated  with  the 
hydrolytic  decomposition  of  cane  tu^ar,  itseli  constructed  presumably  from  the 
grape  sugar.  I  fear  raffident  attentKm  has  not  been  paid  to  piobahilii^  or  to  the 
normal  course  of  chemical  action  in  framing  our  hypotheses,  for  it  is  rather 
difficult  to  see  how  some  of  the  transformations  scmewhat  dogmatically  affirmed 
can  possibly  take  place.  I  may  reter  in  passing  to  the  statement  that  in  the 
digestion  of  fat  or  oil  during  germination  part  of  it  is  converted  into  starch  or 
sugar. 

But  to  return  to  the  construction  of  sugar.  The  condensation  of  formaldehyde, 
which  can  be  brought  ahout  by  the  action  of  basic  lead  carbonate,  leads  to  the 
formation  of  several  sugars,  each  yielding  its  characteristic  osazone.  How  far 
the  condensation  in  the  plant  follows  this  is  still  uncertain.  It  is  quite  possible 
that  stages  intervene  between  formaldehyde  and  sugar  of  any  kind.  It  has  been 
snprp-estod  that  formaldehyde  in  the  presence  of  water  may  under  the  conditions 
obtaining  in  the  leaf  give  rise  to  glycolaldehyde,  a  body  which  forms  sugar  verv 
readily  indeed.  The  formation  of  sugar  directly  ftom  formaldehyde  is  a  much 
longer  process  and  is  attended  with  greater  difficulty. 

I  may  call  your  attention  here  to  the  vifws  of  Brown  and  Morris  traversing 
the  theory  of  the  primary  carbohydrate  being  grape  sugar.  In  their  classical 
paper  on  th»  diraoistry  and  phyriology  of  foliage  leaves  they  have  adduced  strong 
evidence,  based  upon  analyses  of  the  sugar-content  of  leaves  of  Tropaolum  majut, 
that  in  this  plant  at  any  rate  the  first  sugar  to  be  formed  is  cane  sugar.  Whether 
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or  no  tins  is  tlie  cub  in  plants  gmerallj  cannot  at  pnaent  lie  eiid,  Uttmg^  it 

appears  from  many  considerations  probable. 

The  part  played  bj  chlorophjil  in  pbotoeyuthesia  baa  already  been  toached 
upon.  Kemarkably  little  it  known  about  chlorophyll  itaelf.  It  naa  to  far  been 
found  impossible  to  eztiaet  it  from  the  ehloroplaet  withoat  eauring  its  deeooi- 

position,  and  hence  our  id^as  of  it8  constitution,  such  as  tbry  an*,  aro  based  upon 
the  examination  of  something  differing  in  tiome  not  well-ascertained  particulara 
from  the  pijnnent  itself.    A  remarkable  relAtionship  is  known  to  exist  between 
the  latter  and  iron,  for  unions  this  metal  is  supplied  to  a  plant  its  chloroplasts  do 
not  become  green.    But  the  condition  of  the  iron  in  the  plant  is  uncertain  ;  it 
sef  ms  probable  that  it  dt)es  not  fnter  into  the  molecule  of  the  pigment  at  all. 
A  remarkable  series  of  resemblances  between  derivatives  of  cbloropbyll  and 
derivatiTes  of  hnmatin,  the  colouring  matter  of  haemoglobin,  bas  bean  awwmht  to 
light  by  the  researcbfs  of  Sohuiick  and  Marchlew>lvi,  which  is  very  supr*  >*tive. 
Thf  8anie  leaning  towards  iron  in  found  in  the  two  pi^rments,  but  in  the  cai>f  if 
baematin  our  knowledge  is  further  advanced  than  m  that  of  chlorophyll.  The 
iron  ia  known  to  he  part  of  ita  molecule.  It  een  by  appropriate  treatment  be 
removed,  and  a  body  Known      htematojHirjiht/n'n  is  t^en  formed,  which  y^refents 
a  moBt  striking  similarity  to  a  derivative  of  chlorophyll  which  has  been  named 
pkylloporpkyrin.    The  two  pigmenta  are  almost  identical  in  their  percenta^ 
Mmpodtuffiy  the  hmnatoporphyrin  oontaiirfnff  a  little  more  oxygen  than  tlie  otiier. 
Both  seam  to  be  derivatives  of  pyrrol,   llie  most  striking  similarity  between 
iSbfm  is  their  abwrption  spectra,  their  ethereal  solutions  both  showing^  nine  baoda 
id  identical  width  and  depth,  those  of  bajmatoporphyrin  being  a  little  more 
towarda  the  red  end  of  the  spectrum.  Their  eolutiona  In  alcohol  and  ether  Aam 
the  nma  colour  and  the  same  fluorescence.   Thoa^  they  differ  in  eertain  other 
respects,  notably  the  facility  with  which  they  form  cryptals,  it  i*»  impo-^pihle  to 
deny  that  a  close  relationsbi]^  seems  probable.   If  this  is  established  we  may  by 
analogs  perhaps  leam  eomething  about  the  part  played  by  Iron  in  the  aetioB  eif 
the  chloToplast,  which  so  far  haa  proved  as  obscure  as  the  relation  of  the  metal 
to  the  pigment.    It  is  very  suggestive  torecfill  tlie  reBemblances  between  the  two 
pigments,  the  one  playing  eo  prominent  a  part  in  animal,  the  other  in  vegetable 
lira.  Both  are  assodatoi  with  a  stroma  of  proteid,  or  posriUy  protoptamie^ 
nature,  in  which  a  solution  of  the  pigment  is  retained*  apparently  liler  the  finhion 
of  a  sponge.    Both  are  cono»^rned  in  mrtRbolio  pToce8se><  in  which  gaseous  inter- 
changes play  a  prominent  part.    Both  are  in  64^)me  way  dependent  on  the  presence 
of  iron  for  their  individuality,  even  if  iron  is  not  actually  present  in  the  molecule 
of  both.    The  iron  being  remofed,  the  derivatives  which  are  found  are  almoit 
identical.    Further  researches  may  throw  a  li^'ht  on  this  curimis  relntiiinship,per» 
hajM  showing  that  chlorophyll  may  enter  into  a  combination  with  carl)on  dioxide 
as  hsematin  does  with  oxygen.    .Such  a  combination  might  well  be  the  precursor 
of  the  decomposition  of  the  carbon  dioxide  which  hM  been  already  spoken  of. 

nipf't  with  another  pigment  in  many  plants  the  physiological  siguificanoe 
of  which  ha.'^  in  recent  years  begnn  to  attract  some  attention.  This  is  the  rwl 
colouring  matter,  anthocyaUf  apparently  related  to  the  tannins,  which  i£  developed 
especially  in  the  young  leaves  oi  shade^oving  plants  when  they  beoome  expoasd  to 
illumination  exceeding  the  intensity  which  they  normally  encounter.  The  forma- 
tion of  this  pigment  is  greatest  in  tropical  plants,  where  it  is  found  usually  in 
the  epidermis  of  the  young  leaves,  though  in  some  cases  it  extends  to  the  met^^phvll 
as  weU.  The  pigment  seems  In  eome  way  to  be  supplementUT  to  chlorophyll,  mr 
its  absorption  spectrum  shows  that  it  allows  all  the  rays  useniliD  photosynthesis 
to  pass  through  it.  It  is  nulikely  that  it  takes  any  shiuv  in  photosynthesis. 
Several  theories  have  been  advanced  to  explain  its  preeenoe ;  it  may  be  simply  to 
proteet  the  delleate  cells  from  the  destructive  action  of  too  Intense  light,  or  to 
avert  the  evil  of  overheating  from  the  solar  rays.  It  has  been  suggested  that 
certain  rays  hinder  the  translocation  of  starch,  and  that  the  pigment  shield."  the 
cells  from  the  incidence  of  such  ravs.  Again  the  view  has  been  advanced  that  the 
red  colour  is  important  In  aeoeleiatiDg  the  develomnsnt  of  diiBtaBe  from  ill 
•nteeedent  aynugen,  whiofa  has  been  found  to  take  piaee  vnder  the  inflnsnoa  of 
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tiie  nyt  of  s  ootiiii  refpoo  of  the  ifmstnun.  While  all  these  Tiewe  have  heea 
•dvaooed,  however,  there  is  little  poeitive  inlbnnetion  beeiu^  upon  either  the 
CDrmation  or  th»>  function  of  tin  pjg-ment. 

Very  little  progress  ha;*  boeu  made  with  the  problem  of  the  construction  of 
proteid  matter  in  we  plaot,  which  8tiU  coufronts  us.  The  quention  of  it«  relation 
to  the  mechaiiMBn  of  photoijntheeiii  liae  leoeiTed  aoaie  attention  without  leading 
to  any  8atiafiu!tor3r  conclusion.  Wioogradakrs  suooees  in  cultivating  the  nitrate 
bacteria  upon  purely  inorgftnic  matter  reveals  an  unexpected  constructive  power 
in  some  forms  of  v^etable  protoplasm.  The  question  of  the  energy  made  use  of 
in  ptoteid  construction  is  in  an  equally  unsatisfactory  condition.  Laurent, 
Ifamal,  and  Carpianx  hare  stated  that  the  rays  of  the  Tiolst  and  nltn^Tiolet 
Mfpon  of  the  spectrum  are  absorbed  and  devoted  principally  to  the  construction 
of  nitrfygen  compounds  from  the  nitrates,  or  the  compounds  of  ammonia,  which  are 
absorbed  by  the  plant,  while  the  intervention  of  the  chlorophyll  apparatus  is 
unnecessary  for  this  purpose.  The  experiments  which  they  give  in  considerable 
detail  upon  this  absorption  carry  mneh  weight  and  appear  OMidosive.  Unfortu- 
nately other  obeenreia  have  iailad  to  oonfiim  theoSf  ao  toat  at  piaeent  the  mattsc 
muet  be  left  open. 

Among  the  problems  connected  with  the  nutrition  of  the  plant,  the  part 
played  by  alcohol  has  recently  come  into  prominence.  Alcohol  was  originally 
associated  only  with  the  lower  fungi,  and  especially  .with  the  vesst  plant.  Bio- 
logical problems  of  grave  importance  arose  in  connection  with  the  Saccharomyces, 
apart  from  what  seemed  at  tirst  the  larger  question,  viz.,  the  nature  of  fermentation. 
A  prolonged  study  of  the  latter  phenomenon  led  Pasteur  to  the  view  that 
alconolic  fermentation  is  only  the  expression  of  the  partial  asphyxiation  of  the 
yeaet,  and  its  effmrta  to  obtain  oxygen  by  the  decomposition  of  the  aogar. 
It  is  hardly  necesmry  here  to  renund  you  of  the  controversies  that  centred 
about  the  question  of  fermentation  and  the  theories  held  and  abandoned  as  to  its 
cauee.  The  biological  phenomena  liave,  however,  a  claim  now  upon  our  attention 
in  the  li^ht  of  some  very  remarkable  researches  that  are  calling  for  our  attention 
and  eritwiam  to-day.  Fiuteai^a  explanation  of  the  behaviour  of  the  yeast  was,  as 
we  have  seen,  such  as  to  connect  it  with  the  respiration  of  the  plant.  When 
oxygen  was  withheld  from  active  yesBt  00  feO  parts  of  sugar  diaappeared  for  one 
part  of  yeast  formed.  When  oxygen  was  present  not  more  than  ten  parts  of  nugar 
were  decomposed  for  the  same  amount  of  yeast  production.  UndoulKedly  the 
atimaloa  of  aq>hyziation  materially  atimnlated  the  yeast  metaboHaoa, 

But  certain  observations  did  not  agree  with  PasteurV^  explanation.  An 
energetic  fermentation  takes  place  in  the  ])resence  of  oxygen,  the  plant  multiplies 
extremely  quickly,  and  its  metabolii»m  appeals  very  active.  Schiitzenberger  argued 
against  Fasteur's  explanation  with  some  force,  emphasising  these  points  of  disagree- 
ment  between  his  hypotheaia  and  the  facts,  and  claimed  that  the  matter  rather 
concerned  nutrition  tnan  rei^iration.  He  based  his  view  on  experiments  eanied 
out  to  aM^ertain  how  respiration  was  affected  under  changed  conditions. 

The  results  he  obtained  were  brietiy  the  following: — 

(1^  In  a  watery  liquid  without  sugar,  but  containing  oxygen  in  solution,  the 
quantity  of  oxygen  absorbed  in  unit  time  by  a  gramme  m  yeast  ia  constant, 

whatever  proportion  of  oxygen  is  present. 

(2)  In  a  saccharine  liquid  containing  albuminous  matter  as  well  fis  supar,  and 
with  oxygen  in  solution,  the  same  result  is  obtained^  except  that  the  quantity 


(8)  In  two  digestions  carried  on  side  by  sde  for  some  time,  one  being  supplied 
continuously  with  oiygea  aad  the  other  depitTed  of  it,  the  foimar  pfodiioed  most 

alcohol. 

If  the  decomposition  of  the  sugar  had  been  tiie  result  of  the  respiratory  activity 
of  the  yeast  cells  at  the  expense  of  the  combined  oxygen  of  the  su^ar,  it  would 
seem  tnat  Ibimentation  should  either  not  have  taken  place  at  all  in  the  presence  of 
free  oxygen,  or  that  it  should  have  been  much  less  than  in  the  other  case,  whereas 
the  reverse  is  what  is  found.  Hence  Schiitienbeiger  adyocated  the  yiew  that  the 
sugar  is  alimentary  and  not  respiratory. 
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Certain  facts  more  recently  discovered  support  strongly  the  view  thst  ti# 
nutrition  of  the  yoaft  is  the  chief  object  ot  the  procefs  normallv,  thougii  »• 
cannot  deny  that  when  partial  asphyxiation  emts  in  fermentation  resomd  a 
bv  the  plant  in  its  difficulty,  that  it  may  obtain  the  energy  Dormallj  sappbed 
the  reflpintory  pirocesses.'  The  mode  of  decomposition  of  the  eugaXf  mfnm, 
the  formation  of  alcohol  and  carbon  dioxide,  raises  a  question  at  t»  lb 
exact  form  in  which  the  nutritive  material  is  suppliM  to  t!ie  ]>rotop]a^. 

Of  these  more  recent  discoveries  the  work  oi  Devaux  on  the  trunks  of  mt» 
may  be  mentioned  first,  as  it  seems  to  point  to  a  similar  problem  to  the  cot  eet- 
neetod  with  yeaat.  Defmnz  examined  the  compodtioii  of  the  air  in  tba  iilmr 
of  woody  stems  ffrowing  under  normal  conditions,  and  found  that  the  propcvtios 
of  oxyg-en  it  contains  often  sinks  as  low  as  10  per  cent.,  while  in  a  !-xr  ««, 
in  the  most  internal  part  of  the  tree,  he  found  thia  gas  to  be  entirely  absent,  Iht 
disappearance  of  oxygen  becomes  easier  with  evefy  increase  of  tan^tmm. 
This  partial  asphyxiation  is  attended  by  the  fomiation  of  alcohol  in  the  Btnig|iiif 
tissue,  the  spirit  being  detected  by  cutting  up  the  branches  of  the  trtes  mm 
di«!tilling  thorn  with  a  lai^  excess  of  water.  Devaux's  experiments  wer*»  mwHi 
upon  a  considerable  variety  of  trees,  among  which  may  be  noted  Cattanea  vuigtau, 
PyTU9  dometticQy  Alnut  gluiinosa,  Ulmus  campetirU^  SanUmeus  ni^ra^  oi 
^teus  Carioa. 

Similar  results  have  been  obtained  hy  Maz^  in  some  researches  on  meh. 
When  a  number  of  these  are  suhmerped  in  water,  micro-organisms  beinir  yr'>- 
periy  guarded  against,  they  do  not  readily  germinatSi  but  their  weight  neverthk^ 
somewhat  rapidly  dimimshes.  In  some  of  Jf  ai^s  experimeofa  with  peu  bt 
ascertained  that  this  diminution  was  attended  by  a  consideiable  formation  of 
alcoliol.  Three  parcels  of  fort^  peas  were  examined,  weighing  respectively  10, 17, 
and  '27  pramraes,  and  the  experiments  lasted  six,  twelve,  and  twenty-seven  days. 
found  the  proportion  of  alcohol  to  the  original  weight  of  the  peas  was  41^4 
and  6*66  per  cent.  As  the  peas  were  submerged,  and  so  kspt  out  of  oGBtaet  mik 
air,  it  sesnui  possible  to  suppose  we  have  here  again  an  eflfect  of  asphyziatiai. 
f  >tfier  experiments,  however,  make  this  view  unsatisfactory.  He  germlotud 
twi'uty  peas  at  'Ji*'^  C.  for  seven  days  under  normal  conditions,  till  their  ax.**  wwt 
about  1^  inch  long.  He  then  covered  them  with  water,  in  some  ca>^s  ieariig 
the  terminal  bud  exposed  to  air.  The  derelopiMiit  of  the  submerged  plsaa 
stopped  at  once,  and  at  the  end  of  five  days  the  fiqiud  oontaioed  ISO  miUigruiBei 
of  alcohol.  The  seedlinfrs  whose  terrninal  buds  were  exposed  to  the  air  continoed 
to  grow  without  showing  any  disturbance.  Maze  conclude.*  that  the  alct^bol  pro- 
duced was  utilised  by  them  in  their  growth,  and  suggests  that  it  is  a  non&al 
and  neeessary  product  of  the  digestion  of  oarbohyteto  matstial  in  seeds  in  eomiB 
of  development. 

lie  goes  on  to  show  that  alcohol  can  be  demonstrated  to  he  present  in  plantlsts 
that  have  germinated  for  forty-eight  hours  at  '23°  C.  under  normal  condition* 

Another  worker  of  great  eminence  who  has  found  similar  conditions  to  eut 
in  normal  Tegetation  is  Berthelot.  He  put  Uades  of  wlieat  and  leaTss  of  tks 
hazel  in  flasks,  displaced  the  air  by  hydrogen,  and  distilled.  In  the  case  of  th^ 
wheat  he  heated  the  flask  to  04°  C,  in  that  of  hazel  he  conducted  the  distiUsticia 
by  passing  steam  through  the  flask.  In  both  he  found  the  distillate  coctair-d 
alcohol.  The  quantity  was  not  large,  but  still  measurable ;  from  10  kilos,  of 
leavea  be  obtained  10  grammes  of  aleohol* 

MaxiS  claims  to  have  found  alcohol  undernonnaleonditioDa  in  thostsms  mi 
leares  of  the  vine. 

Maz^  finds  further  that  tlie  weight  of  a  seedling  of  maize  approximates  &t  isj 
moment  during  the  early  stages  of  germination  to  half  that  ioat  by  the  rmm 
store  in  the  endosperm. 

From  his  experiments,  and  those  of  the  other  authors  allmWil  to^  bis  eoMiate 
that  alcohol  is  formed  in  the  livinsr  cells  of  seeds  at  the  evpt-n-e  of  irrapf  «ufiT 
by  virtue  of  a  normal  diastasic  process,  which  makes  them  approach  yr-a.-?  cell* 
more  closely  than  has  been  suggested  by  any  of  the  experiments  hitherto  pubUched. 
We  may  in<iuire  further  howar  tlie  Ofidme  points  to  the  probabihty  thai  the 
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lolecule  of  sugar  is  split  up  iu  that  waj  into  alcohol  aod  carbon  dioxide,  and 
liat  the  aloolv)!  10  tne  mitritiTe  part  of  the  sogar  moleeale.  '  GertaiiilT  Maa6^« 
cperiments  on  the  submerged  seeds  with  the  plumule  exposed  above  the  water 

re  not  inconsistent  with  that  view.  Duclaux  has  spoken  more  definitely  still 
n  this  point,  und  has  Haid  that  the  alcohol  formed  becomes  a  true  reserve 
naleriai  to  be  used  for  nutriment. 

We  have,  ttowerer,  further  evidence  that  to  some  pleats,  at  all  etents^ 
iloohol  is  a  food.  l4kboide  has  published  some  res.  arc  lies  conducted  Upon  a 
'angup.  Tlurotioptit  Oayoni^  which  point  tmmistakably  to  this  conclusion.  He 
•ultivated  it  in  a  solution  containing  only  the  mineral  constituents  of  Kawlin's  fluid 
ind  a  certain  percentage  of  alcohol,  u£>uaUy  from  four  to  live  per  cent.  The  plani 
iprew  well,  fbnniag  little  eiicnlar  patches  of  myoeliiimy  whieb  enlaiged  nMually 
13  the  growth  progressed.  The  mycelium  became  very  dense  in  the  centre  of 
the  patches,  ana  the  funjnip  evidently  tlirived  well.  As  it  grew  the  alcohol 
''U'wly  disappeared,  the  rate  being  about  equal  to  that  ot  sugar  in  a  similar 
:;ulture  in  which  this  substance  replaced  the  alcohol.  The  mycelium  in  some 
ezperinieiits  was  cultivated  quite  mm  the  spores.  Earotiopsis  is  a  fungus  which 
hss  the  power  of  setting  up  aleoholtc  fermentation  in  saccharine  solutions.  When 
cultivated  in  these  alcohol  is  accordingly  produced,  and  subsequently  used,  but 
the  growth  of  the  mould  is  not  so  easy  under  these  conditions  as  when  the 
alcohol  is  supplied  to  it  at  the  outset. 

Doclanx  nas  shown  that  in  the  case  of  another  fungus,  the  well^knowe 
ArtperfjiXhu  niger^  though  alcohol  kills  it  while  it  is  in  course  of  germination 
irom  the  spore,  it  can  utilise  for  nutrition  G-8  per  cent,  when  it  becomes  adult^ 
continuing  to  grow,  and  putting  out  aerial  hyphce.  Eurotiopsis  is  more  pro- 
nounced in  its  liking  for  alcohol,  for  it  thrives  in  a  mixture  containing  10  per 
cent. ;  even  if  submerged  eatirsly  it  continues  to  grow  and  flourish  In  an  eight 
per  cent,  solution. 

The  peculiarity  relates  only  to  ethyl  alcohol ;  methyl  alcohol  will  serve  as  ti 
nutritive  medium  for  only  a  little  time,  sulticient  only  for  the  commencing 
development  of  the  spores  into  a  mycelium  and  disappearing  very  slowly  from 
the  culture  fluid.  The  higher  alcohols^  propyl,  butyl,  aod  amyl,  not  only  give  no 
nourishment,  but  are  poisonous  to  quotes.  A  vevy  soaall  tiaoe  of  any  of  them  can 

be  used  by  the  adult  mould. 

Laborde  claims  to  have  established  as  the  result  of  his  investigations  that 
Eurotiopsis  normally  makes  alcohol  from  the  sugar  to  nourish  itself  with  it,  just 
fts  yeast  makes  iuTert  sugar  from  cane  sugar  because  it  is  the  nutritiTe  material  it 

likt^B  best.   The  ensyme  symsse  is  present  in  the  fungus  and  plays  the  part  of  an 

alimentary  enzyme.  Its  consumption  laJ»tM  twice  as  long  as  t  hat  of  a  corresponding 
weight  of  glucose  \  it  con  serve  twice  as  long  for  the  nutrition  of  the  same  weight 
of  plant. 

These  remarkable  results  lead  us  to  the  consideration  of  the  mode  in  which 

^>  <  carbohydrates,  and  particularly  the  sugars,  are  assimilated  by  the  plant.  We 
have  held  t!ie  view  tliat  the  sugar  molecule  is  capable  of  entering  with 
little  if  any  alteration  into  that  of  protoplasm.  We  have  found  no  direct  evidence 
hssring  upon  its  fate.  It  is  possible  to  detect  sugar  in  the  axis  of  a  plant  t'dl  quite 
ocsr  its  growing  |)oint.  Then  the  reaction  ceases  to  be  obtainable,  and  we  know 
that  assimilation  is  taking  place.  But  we  have  still  to  investigate  the  steps,  no 
very  easv  problem  to  undertake.  Mav  it  pog5«ihly  be  thnt  it  is  the  alcohol  moietv 
of  the  sugar  which  the  protoplasm  tukes  up,  part  of  the  carbon  dioxide  evolved  by 
the  growing  organ  being  au  expression,  not  of  respiration,  but  of  a  fermentation 
preliminsiT  to  Msimilstion  ? 

But  I  feel  I  have  dealt  at  sufficient  length  with  this  question.  I  pass,  there- 
^'»re,  to  consider  bri^Jiy  another  nutrition  problem  of  a  rather  ditlerent  kind.  The 
germination  of  seeds  is  a  question  that  might  be  thought  to  have  been  fairly 
wtHsd  by  the  investigations  of  the  latter  half  of  the  last  century.  We  have  come 
to  the  conception  of  the  seed  as  fundamentally  a  young  embryo  Iving  quiescent 
'^'ithin  its  testa,  and  provided  with  a  store  of  nourishment  deposited  either  within 
Its  ovn  substance,  or  lying  round  it  in  the  tissues  TSguely  named  endosperm  os 
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perispenn.  The  noonahmeDt  has  been  held  to  he  praetieellT  leady  Ibr  its  vm, 

needing  only  a  certain  amount  of  enzyme  action  to  be  applied  to  it  to  convert  the 
foo<l  8tore  from  the  r^  st  rve  to  the  nutritive  condition.  >Ve  have  recognised  here 
etarch,  proteids,  and  glucosidei^i  and  have  ascertained  that  the  embryo  can 
fanMi  th9  appro^iete  enfymee  for  their  digeitum.  %keh  neerve  eton  haa 
apparently  heen  quite  indepeodeiit  of  the  rest,  and  die  embiyo  has  had  confeidL  of 
the  whole. 

Certain  conaideratiou8|  however,  lead  uu  to  the  view  that  for  albuminoua  seeds 
at  any  rate  this  mode  of  looking  at  the  nettw  ia  no  lon^^r  satiifaetofy.  We  auy 

first  ask  how  far  the  embryo  is  the  controlling  factor  in  the  diofestion.  Patting 
the  matter  in  another  form,  is  the  influence  of  the  parent  plant  lost  when  a  stable 
atore  of  food  lias  been  provided  lor  the  offspring,  and  does  it  leave  its  utilisatioa 
entirely  to  the  latter  P  Is  the  gaonetophyte  prothallus  merely  to  heoomeadeed 
or  inactive  structure  as  soon  aa  it  has  developed  its  young  sporophyte,  or  may  iti 
influence  ext^^nd  for  the  longer  peiiofl  of  germination?  "There  are  many  rea^ns 
for  thinking  this  is  the  case,  indeed  the  view  has  been  put  forward  by  some 
ohaerreta  at  intarvala  tot  aome  yean.  Giia  elahned  to  have  shown  it  in  1864 ; 
hat  it  was  oppoaed  hy  Sachs,  who  said  that  the  ensymsa  whieh  cause  decompch 
eitlons  in  the  reserve  mRterial!»  are  always  formed  in  tho  young  plnnt  or  embryo 
and  are  excreted  by  the  latter  into  the  endosperm.  ISome  careful  experiments  on 
the  point  were  ooMseted  by  Van  Tieghem  and  were  pahliahed  hy  him  in  1877. 
Hii  work  waaearried  outou  the  seeil^  of  the  caatorHnl  plant.  Ue  deprived  the  aeeda 
of  their  embryos  and  exposfd  them  for  some  weeks  on  damp  moss  to  a  tpmj>#-rHtnre 
of  25-30**  C.  After  several  days  of  this  exposure  he  found  the  isolated  endosperms 
were  growing  considerably,  and  at  the  end  of  &  month  th^  had  doubled  their 
dimensions.  In  the  interior  of  the  eells  he  found  the  aleurone  grains  to  be 
gradually  dissolving,  and  the  oilv  matter  to  be  diminishing,  though  slowly. 
The  dissolution  extended  througliout  the  mass  of  the  endosperm,  and  wns  not 
especially  prominent  in  the  side  that  had  been  nearest  to  the  cotyledons.  He 
BOtedy  ton,  that  though  starch  did  not  normally  appear  in  the  germinating  endo> 
fperm,  under  thf  condition  of  non-removul  of  the  products  of  the  decomposition,  it 
<lid  appear  in  the  cells  in  the  form  of  small  grninf*,  though  not  till  after  several 
<iay8  had  elapsed.  Van  Ti^hem  also  observed  that  the  progress  of  the  decom- 
positions could  be  arrested  and  the  endospemis  made  to  reassume  a  quiescent 
condition,  and  that  then  the  aleiirone  grains  again  hecaxne  formed,  though  in  less 
quantity  than  before. 

In  some  experiments  on  Kicinus  which  I  carried  out  in  1889  I  found  much  the 
eame  aequenoe  of  events  aa  Van  Ti^hem  had  described.  Hie  mdospsna 
unquestionably  became  the  seat  of  a  renewed  metabolism,  in  the  cotir.«e  of  which 
many  interactions  between  the  various  reserro  materials  became  noticeable.  It 
was  remarkable  that  the  activity  of  this  metabolism  was  much  more  pronounced 
when  the  emhi^  or  parts  of  it  were  left  in  oontaet  inth  the  endospenns. 

An  observation  or  a  similar  character  has  been  made  bv  Ilaberlandt  and  by 
Brown  and  Morris  in  the  case  of  tlie  seeds  of  grasses.  T^he  conversion  of  thie 
reserve  cellulose  of  barley  grains  has  been  shown  by  these  observers  to  be  the 
fesnlt  of  the  aetioo  of  an  ensvme  cj/fass,  which  is  sseieisd  laigel^  by  theeo-caUed 
aleurone  Uyer,  which  is  Ibuna  snnonnding  the  endosperm,  immeduately  imdeniealk 

the  testa. 

ivecently  my  own  work  has  been  bearing  on  this  question,  particularly  as 
regards  the  beha^iomr  of  tfie  seeds  of  Btctnus  during  germination.  The  leseirse 

of  this  seed  are  maialy  composed  oi  oil  and  aleurone  grains,  harden  trace  of 

carboliyd rates  being  pre.sent.  At  the  onset  of  germination  there  is  a  remarkable 
appearance  of  both  cane  sugar  and  glucose,  which  increase  as  the  oil  diminishes* 
The  old  view  advanced  to  explain  this  fact  has  been  the  transformation  of  the  oil 
directly  into  the  sugars  or  one  of  them,  a  theory  which  it  was  difficult  to  reconcile 
with  the  chemical  jKissibilitics  of  oil.  I  have  found  that  side  by  side  with  the. 
appearance  of  the  sugar  we  have  also  the  formation  of  a  considerable  quantity  of 
lecithin,  a  fattv  body  containing  nitrogen  and  phosphorus.  The  seed  contains  a 
eompantively  Jaige  amonnt  of  phosphorus  in  the  Ibfm  of  the  W8ll4aB0wn  globoids 
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of  the  aleurone  grain,  a  cbMblo  phosphate  of  caleium  and  magneainm.  The  occur- 
rence of  this  body  points  toa  cousidorablo  intomction  of  various  substances  existing- 
in  the  seeds,  the  phosphorus  apparently  coming  from  th»'  globoids  and  tho  nitrogen 
from  the  proteids.  Instead  therefore  of  the  fat  being  trausfurnied  luto  8ugui-  it 
teema  eertain  that  a  very  oooaderahle  metabolism  is  set  up,  in  which  the  various 
constituents  of  the  endosperm  interact  very  freely  tog-'ther.  I  am  inf  Tmed  by 
Mr.  BiiTin,  who  has  investigated  the  histologicAl  chai);^'es  arcompanying  tht> 
germination,  that  the  protopiatun  of  the  endosperm  cells  appears  to  increase  iu 
amooot  Tsry  gieatly  aarixi^  the  early  stages.  The  ohsenratiomi  suggest  a  very 
vigorous  resumption  of  metabolic  activity  by  the  cells  of  the  endosperm,  in  the 
course  of  which  the  various  reserves  are  brought  into  relation  with  the  living 
substance  of  the  cells  and  a  number  of  new  products  are  formed  to  minister  to  the 
natritioii  of  the  growing  emhiyo.  The  formation  of  1^  augars  may  mors  probably 
be  referred  to  the  renewed  activity  of  the  protoplasm  of  the  parent  gametophyte 
than  to  a  direct  transformation  of  the  fat  under  the  influence  of  the  emnryo. 
Further  researches  upon  a  large  variety  of  seeds  appear  necessary  to  give  us  a  true 
idea  of  the  chemical  processes  of  oermmatioo.  What  now  appears  |»obable  in  the 
ease  of  fatt^  seeds  may  prove  to  he  tma  also  in  the  case  of  uose  which  have  other 
ynrieties  oi  reserve  material. 

I  have  already  alluded  to  the  problems  concerning  the  electric^  phenomena 
nfessnted  by  the  plant  at  rest  and  duiinif  activity.  Very  little  work  has  so  far 
been  done  in  this  diiectioni  and  our  knowledge  of  the  subject  is  materially  less 
than  that  concerning  5>iniilar  plienomena  in  mi>«cl'>  iind  nerve.  Still  a  beginning 
has  been  madei  and  we  have  observations  on  record  due  to  Waller  and  to  liose 
which  are  of  the  greatest  interest,  not  only  because  they  show  a  great  corre* 
spondence  in  behaviour  between  animal  and  vegetable  structures,  but  on  account 
of  their  possible  importance  in  determining  the  character  of  many  of  the  metabolic 
processes  and  tiie  forces  at  work  in  the  tissue^s. 

Some  very  striking  results  were  only  a  few  months  ago  published  by  Boss  on 
the  eleetrio  response  in  ordinary  plants  to  mechanical  stimulation.  He  arrangedi 
a  piece  of  vegetable  substance,  such  as  the  petiole  of  tlie  horse-chestnut,  or  the  root 
of  a  carrot  or  a  radish,  so  that  it  was  connected  with  a  galvanometer  by  two  non- 
polarisable  electrodes.  The  uninjured  tissue  gave  little  or  no  evidence  of  the 
existence  of  dectrical  currents ;  but  if  a  small  area  of  ita  surfooe  was  killed  by  a 
bum  or  the  application  of  a  few  drops  of  strong  ]iotash,  a  current  was  observed 
to  flow  in  the  stalk  from  tin-  injured  to  the  uninjured  area,  just  as  is  the  case  m 
animal  tissue.  The  potential  dill'ereuce  in  u  typical  experiment  amounted  to 
0*12  volt.  The  tissue  was  then  stimulated,  either  by  tapping  or  by  a  torsion 
through  a  certain  angle,  and  at  once  a  negative  variation  or  current  of  action  was 
indicated,  the  potential  difleveuce  being  decreased  by  "026  volt.  Very  soon  after 
the  cessation  of  the  stimulus  the  tissue  recovered  and  the  current  of  rest  flowed 
as  before.  Boss's  investigations  extended  considerably  beyond  this  point,  and 
established  a  Teiy  dose  similarity  in  behaviour  between  the  v^table  substance 
and  the  nerves  of  animals.  Sumraation  effectfj  were  observed,  and  fatigue  eflfects 
demonstrated,  while  it  was  definitely  shown  that  the  responses  were  physiological. 
They  ceaaed  entirely  as  eoco  as  the  piece  of  tissue  was  billed  heating. 

This  remarkable  demoostBation  of  similar  electrical  properties  to  those  possessed 
by  nerve  strengthens  very  greatly  the  view  of  the  conduction  of  stimuli  in  the 
plant  by  means  of  the  protoplasmic  threads  which  have  been  demonstrated  by 
Gardiner  and  others  to  exist  throughout  the  plant,  uniting  csiU  to  cell  into  one 
coherent  whole. 

Much  remains  to  be  done  m  this  field;  indeed,  not  more  than  a  beginning  has 
been  made.  The  electrical  accompaniments  to  response  to  stimuli  have  been 
investigated  by  Burden  Sanderson  in  the  case  of  DuMusa,  but  many  other  instances 
are  still  awaiting  examination.  The  peculiar  phenomena  of  eleotrotonos  and  their 
relation  to  stimulu;^  have  so  far  only  been  observed  in  animals. 

These  observations  strengthen  considerably  the  view  of  the  identical  nature  of 
animal  and  vegetable  protoplasm  which  has  in  recent  years  come  into  prominence, 
and  whksh  ia  noeiwm$  man  and  move  aopport  in  all  wectiooB. 
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These  electrical  currently  following  mechanical  action,  which  nodovbt  is  accom- 
panied by  chemical  rhaiifre,  make  us  ask  wlu^thor  rlertrifal  phenomena  do  not  in 
ell  probability  accompany  the  slow  chemical  actiona  which  we  call  metabolism. 
The  Tiew  that  etoetrical  energy  ia  caaeemed  in  thu  nrooemMi  of  photomtlieids, 
euggested  in  an  earlier  part  of  thia  Addreee,  u  cerlaiifly  not  weakened  tj  a  eoA^ 
■«aeration  of  the.'je  phenomena. 

The  probability  of  the  tran8miasion  of  stimuli  through  vegetable  tissue  along 
'die  protoplasmic  threads,  extending  from  cell  to  cell,  has  been  supported  during 
the  last  year  or  two  by  some  remarkable  obienratk(iu  claimed  to  have  b  en  made 
by  Nemec  on  certain  roots  and  other  organs.  He  says  he  has  succi  ed.  il  in  demon- 
strating a  continuous  fibrillar  structure  in  the  protoplasm  of  the  cells,  fibrils 
passing  along  it  in  a  longitudinal  direction  and  apparently  connecting  the  proto- 
plasm of  a  Imwitiidinal  aeriea  of  cells  into  a  oondoeting  chain.  Theee  oooducting 
strands  pxtenahrf win^n  tlio  ppnfitivp  rpgion — f.f/.,  the  tip  of  the  root — and  the 
region  which  is  prowin^r,  nnd  which  i.s  causeil  )iy  the  stimulus  to  curve.  Nemec 
c>ay8  that  the^e  conducting  strands  can  bti  made  evident  by  the  use  of  appropriate 
«taining  reagente.  They  vary  in  number  and  pontion,  bat  appear  to  be  wwtineJ 
to  sennitive  and  motile  organs. 

It  is  clear  that  the  mjiit*'r  cannot  rnst  where  it  i^.  The  statements  made  by 
Ivemec  call  for  investigation  by  both  histological  and  physiological  methods.  It  is 
poteible  that  appropriate  reagente  may  lead  to  the  reeognitton  of  etractnre  in  what 
dae  been  hitherto  regarded  as  undifferentiated  protoplasm. 

Before  concluding  this  Address  I  may  call  attention  to  the  vast  field  opening 
up  in  connection  with  the  pathology  of  plants.  The  work  done  by  our  |>re- 
^deoeeeori  baa  been  more  largely  work  on  the  morpholo^cal  pecoliaritieeof  vanoot 
fungi  than  upon  the  physiological  changes  which  constitute  pathology,  properly  eo 
called.  It  is  only  recently  that  attention  has  b«'en  given  to  the  broad  questions  of 
disease  in  plants.  Even  now,  however,  certain  advances  have  been  made,  and  the 
direetkm  of  reeeareh  is  taldng  shape.  In  the  seienee  of  pathology  little  in  recent 
years  has  bean  ao  fiMflinatinff  as  the  qnestion  of  immunity  against  tixe  aitades  of 
•certain  diseases,  either  hereditary  or  acquired.  It  has  been  bound  up  with  the 
Tery  large  question  of  toxins  and  their  attenuation,  their  opposites,  the  antitoxins, 
nnd  matters  of  a  similar  nature. 

Great  results  have  been  obtained  in  human  pathology^  with  which  it  is  not 
for  me  to  deal.  I  mention  them  here  because  we  are  face  to  face  with  the 
possibility  of  treating  some  of  the  diseases  of  plants  in  a  similar  way,  and  perhaps 
<m  the  tfareehold  of  very  ikr-reaching  disoovanes. 

I  may  call  attention  to  the  researohee  of  Bay  and  of  Beanveiie  upon  the  genenl 
ijuestion  of  plant  infection,  and  especially  upon  a  disease  set  up  by  a  fungus 
known  as  Jiotrytit  cinerea,  which  attacks  grapes,  begonias,  and  other  plants. 
The  fungus  exists  in  three  forms,  one  of  whicn  is  a  harmless  saprophyte,  another 
%  destriictiye  parasite,  and  a  third  intermediate  between  the  two.  The  first  is  a 
very  common  fungus,  developing  on  decaying  plants  and  bearing  ordinary  gonidia 
or  spores.  The  second  ia  completely  filamentous  and  bears  no  reproductive  organs. 
It  is  produced  when  the  air  is  lieavily  charged  with  moisture  and  the  temperature 
kigh,  conditions  of  common  occurrence  in  forcing  houses.  The  third  is  an 
attenuated  form  intermediate  between  the  other  two.  It  bears  gonidia  like  thv\<e 
■of  thi^  first,  and  in  addition  others  which  germinate  without  falling  otf  the  pan  nt 
plani  and  elongate  into  long  threads.  Many  plants  cau  bear  the  iuvaaion  of  this 
-plant  without  aufoing  greatly,  though  it  cannot  be  called  harmleas.  It  oooui 
chiefly  when  a  high  temperature  is  associated  with  a  oonsidarabb  ainmiBt  of 
moisture  in  the  air. 

It  is  not  ditHcult  to  cultivate  this  attenuated  form  of  the  Botr^tis  in  sterilised 
«oQ.  Beauverie  describes  one  ezpninent  made  with  it  wMch  u  ywf  atrikiqg. 
Damp  earth  was  sterilised  in  a  Fetri  dish  of  larg«  surface,  sown  with  spores 
of  the  Botrytis,  and  kept  at  a  temperature  of  about  16°  C.  After  three  days  the 
eurface  of  the  dish  was  covered  with  a  loose  mycelium,  which  bore  numerous 
^nidiophoras.  The  fungus  was  allowed  to  grow  for  soma  time  under  tha» 
conditional  and  riie  infected  earth  was  than  tnuuteedtolMi  pole  in  whieh  wan 
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lacpd  cuttinjrs  of  b+'f?ojiias.  The  plants  <jrew  well  and  were  not  sensibly  atTected 
y  the  presence  of  the  fungus  in  the  substralum  or  in  its  surface.  Placed  subee- 
quentlj  in  eonditioiia  wUen  were  eminently  euiteUe  to  the  development  of  the 
parasitic  form,  thoy  re^istod  its  action  porfectly,  thnu<rh  control  plants  which  had 
not  been  cultivated  in  the  pronnd  infected  by  the  ntt»'nuat^'d  form  were  killed  very 
quickly.  From  their  experiments  the  authors  claim  to  have  shown  that  the  form 
of  S^tiyiU  wnma  intermediale  hetween  the  gonidiil  and  the  sterile  fonn  can 
make  plants  immune  to  the  attacks  of  the  latter. 

Researches  of  a  somewhat  kindred  nature  dealing  with  the  infection  of 
particular  plants  by  specitic  fungi  have  been  communicjited  recently  to  this  Section 
oy  PMiliMsor  Hannali  Waid  in  his  paper  read  last  year  on  the  Bromes  and  their 
brown  rust.  Thoy  brought  to  light  man^  very  important  facts  connected  with 
the  question  of  adaptive  parasitism  and  immunity.  Few  questions  in  vegetable 
physiology  can  compare  in  economic  importance  with  these  when  we  think  of 
th«r  possible  derelopment  in  relation  to  agricnltnre. 

I  have  now  somewhat  hurriedly  surveyed  certain  parts  of  the  field  of  vegetable 
physiology.  It  has  been  impossible  in  an  Address  like  this  to  do  more  than  indicate 
what  seem  to  me  some  of  the  more  important  problems  awaiting  investip^ation. 
Jiasj  we  hope  that  all  such  work  wlU  be  vigorously  conducted,  mL  that  the  con- 
clusions reached  will  be  scrutinised  with  the  greatest  care  and  aul^ected  to 
repeated  examination?  Great  hindrances  to  the  advance  of  the  science  resulted 
from  dogmatic  assertions  made  b^  eminent  men  in  the  past,  their  personal  in- 
fluence having  led  to  their  conclosions,  not  altt^ther  accurate,  being  nevertheless 
almost  universally  accepted.  Many  years  subsequently  these  conclusions  have 
needed  re-examination,  the  result  being  tlio  destruction  of  a  whole  fabric  that  had 
been  reared  upon  this  unworthy  foundation.  I  may  close,  as  I  b«^gan,  by  an 
appeal  to  the  younger  school  of  botanists  to  take  some  of  this  work  iu  hand,  and 
by  assiduous  and  critical  escperiment  and  observatum  to  contribute  to  the  solution 
ox  the  problems  piesaing  upon  us  in  this  field. 


The  following  Papers  and  Reports  were  read : — 

1,  Exhibition  of  Forma  o/* Erica  Tetralix yrojH  Connemara, 
By  Professor  I.  Batley  Balfoub,  F.R.S. 


%  JfotsB  on  a  Centut  of  thp  Fhra  of  the  Australian  Alps,   {Part  /.) 

My  James  Stirling. 

In  preparing  this  census,  with  accompanyin^r  notes  on  the  orders  represented, 
the  author  has  in  view  an  inquiry  into  the  origin  and  distribution  of  the  mixtni 
types  of  plants  now  growing  on  the  highest  altitudes  over  south-east  Australia, 
end  the  subsequent  conelanon  with  other  Alpine  and  the  Tertiary  floras  of  the 
l^on. 

From  1875  to  1888  he  collected  1,018  species  of  plants,  of  which  678  were 
i^hanerogams  and  Hii  (Jryptooams. 

Over  one-tBOth  of  the  total  of  the  plants  of  the  Australian  continent  are  fcund 
in  the  Australian  Alps  at  elevations  between  2,000  and  7,000  feet. 

The  area  investigated  includes  the  main  wattTshed  line,  separating  the  streams 
fiowinff  northerly  into  the  Murray  from  those  tiowing  southerly  into  the  Gipps- 
land  Lakeaand  the  Sonthetn  Oeean--^.«.  ftom  the  heads  of  the  Yarra  River  on 
the  west  to  the  Kosciusko  plateau  on  the  north-cast,  over  a  distance  of  15,000 
square  miles.  It  embraces  also  the  high  tablelands,  between  4,000  and  6/)0Oleet, 
which  form  expansions  of  the  lateral  watershed  line. 

An  outline  of  the  physical  features  is  given  with  lefeience  to  the  geological 
Structure  and  to  the  clunatic  conditions  of  the  area. 

The  outlines  of  a  number  of  the  principal  mountains  are  mainly  of  the  relict 
class  of  Professor  Geikie,  formed  by  denudation  and  erosion  from  an  extensiTe 
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tableland  which  eovend  the  gvetter  part  of  the      daring  Eomm  nd 

times. 

The  adjacent  valleys  of  the  high  lat«ral  tablelands  have  been  eroded  down 
to  a  depth  of  4,000  feet  helow  the  original  level  of  the  older  Tertiary  Tillejs. 
Some  of  iha  high  peeks  may  be  indaded  in  the  Teetonic  elaat,  ench  ae  Matni 

Cobberas,  itc. 

An  idea  of  the  general  botanical  features  is  given  by  referring  to  the  character 
of  the  jiriiicipAl  species  of  each  nataral  order  now  flonriehing  ateMratiQiie  hrtweo 
6,000  and  7,000  Tt^t,  which  r*  ferred  to  as  the  Alpine  area;  that  hetween  S,jOOO 
and  5,000  feet  is  CAHed  sub-Alpine. 

It  is  shown  that  eommiogled  with  a  majority  of  Antarctic  types  of  plants  at 
the  higher  aMtndes  aie  ah»  some  European,  Sooth  Afiiean,  and  Polynesians, 
thus  indicating  ofldllatin^  land  surfaces  and  alternating  climatic  conditfona,  pes^ 
mitting  waves  of  vegetation,  or  tho  migration  of  plants  across  land  surfaces  now 
submei^ged,  since  early  Tertiary  times,  when  the  vegetation  of  a  tropical  character 
ovenpiead  the  area. 

The  dominating  influence  of  climate  in  the  erolotion  of  varieties  of  plants 

oTpr  that  exerted  by  gf^oloj^ieal  formations,  or  the  soils  derived  therefrom,  is 
eapeciaily  referred  to,  and  numerous  cases  cited,  particularly  in  regard  to  the 
eucalyptus  vegetation. 

The  strongest  affinltjr  undoubtedly  exists,  as  pointed  out  by  Sir  J.  Hoolaery 
with  the  Tasmanian  Worn,  and  Antarctic  types  prevail,  although  theiv  nrp  not 
wanting  evidences  of  affinity  with  South  Athca,  Polynesia,  and  the  mountains  of 
New  Guinea  and  Horooeo.  The  whole  of  the  eyiMee  now  aTsilahle  to  date 
confirms  the  original  forecast  of  Sir  S,  Hooker,  th&t  the  antecedents  of  the  peeoUer 
Australian  flora,  !\<'  a  whole,  may  have  embrsped  an  area  to  the  west  of  the  present 
Australian  continent  analogous  with  South  Africa,  and  that  the  bond  of  nflinity 
between  the  Antarctic  and  South  African  floras  indicate  them  as  members  of  one 
great  v^tation  which  may  have  covered  a.')  large  an  area  as  the  European  dees 
in  tin-  northern  hemispliere.  This  wouhl  al-o  Imply,  in  my  opinion,  not  only  a 
Ifiiul  connection  between  Australia  and  South  Africa  by  way  of  Antarctica,  but 
aUo  land  connections  to  portions  of  Polynesia,  New  Zealand,  and  South  America, 
during  Tertiary  times. 


The  orders  reprettcnted  by  the  greatest 
number  of  npeciea,  taking  the  first  tmhra 
of  tlie  whole  flora,  eie:— 

Musci  96 

Legaminosea}  .  .  .  .76 
Compofllten  .  .76 

Filiccs  •       •      .  .00 

Myrtaceas  .      •      .      •  .42 

CyperaoesB  36 

Graminee  35 

Lichcna  35 

Proteaoeas  30 

Oiohldesi  36 

Bntnceo}  24 

LabiatesB  '17 


Above  the  .'i.OOO-foot  level  the  numerical 
relations  of  tha  ipedes  to  the  ocdara 
are  as  loUowa:— • 


Lichens 
CompositesB 
Mnsci 
GramiiH  ir  . 
Legominotieui 
Rntaoee  . 
Epacrideie . 


Myrtacca' 
Cyperaceaj 
ProteacefB ,  . 
Scrophularinea; . 
Caryopbyllese  . 


35 
28 
2& 
22 
19 
II 
9 
8 
7 
7 
7 
7 


A  comparison  with  the  florula  of  a  British  area,  the  Olyde  watenihed  and  tiie 

Isle  of  Arran,  vltdted  by  the  author,  shows  that  there  are  thirty-aix  natural 
orders,  156  genera,  common  to  the  Australian  Alps  and  this  area,  and  pixty-eight 
identical  species.  A  considerable  number  are,  however,  immigrants  to  the 
Australian  area. 

The  proportion  between  the  arboreous,  pemi-arbnreoup,  or  shrubs,  and  the 
herbaceous  plants,  excluding  the  Oiamine®  and  Cryptogams,  is  giTsn. 


■V. 
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3.  OnJjwmnom  Baet&ria.    By  J.  £.  Barnabo  and  Feoieaaof  ALLAH 

Macfadten,  M,J), 

Many  iuataiiceB  of  ligbt-production  occur  in  naturt>  amongst  plaoto  and aaiiBalt. 

Thia  luminosity  is  most  strikingly  exhibited  by  marine  animals  and  by  minute 
vegetable-cellB  belont;;Ln^  to  the  group  of  the  ^lacteria.  Light-production  by  living 
protoplasm  is  a  proceM  ultimately  bound  up  veiih  the  life  of  tne  organ  ism,  as  in 
the  case  of  the  luminooa  baetaria.  The  luniBoaity  of  minmal  and  other  inert 
bodies  is  dependent  on  an  extraneous  light  source. 

Amongst  light-producing  organisms  our  knowledge  of  the  process  is  most 
eiaet  in  tne  cane  of  the  bacteria.  Their  limple  aemioelliilar  struoture,  and  the  faet 
that  modem  bacteriological  methods  enable  us  to  isolate  and  aiudy  particular 
organismfl,  renders  it  somewhat  mor*'  easy  to  <^tudy  the  conditions  under  which 
light-production  can  best  occur.  The  obhervations  which  are  embodied  in  tliia 
neper  were  made  on  luminous  bacteria.  These  organisms  are  to  be  found  mainly 
in  aeihwater  and  on  dead  marine  aninnil*^.  They  are  widely  dietiilwted  in  this 
respect.  "We  have  obtained  and  studied  the  most  important  types.  About 
twenty-five  varieties  have  been  described,  but  it  is  probable  that  some  of  the.^e  are 
very  closely  related,  if  not  identical.  A  hitherto  undescribed  form  lias  been 
isolatod  from  sea-water  in  the  cour8««  of  investigations  made  by  one  of  us  at 
Plymouth.  It  belongs,  like  most  of  tliH  other  specifts,  to  the  group  of  tlie  bucilli. 
The  temperature  conditions  as  r^^ards  growth  vary  considerablji  and  range  from 
aero  to  37°  C. 

The  luminofli^  of  the  sea  is  mainly  due  to  higher  forms  of  marine  life  and  not 

to  bacteria,  at  any  rate  in  northern  latitudes.  On  the  otlier  baud  the  phoe* 
phorescence  of  dend  objects,  such  as  fish,  Sec,  is  due  to  bacterial  forms  of  life. 

We  have  uot  been  able  to  conhrm  the  statements  that  luminous  bacteria  have 
direei  infective  properties  as  regarda  crabs  and  other  marine  animals. 

These  organisms  re(|uire  imriicular  and  e.xact  conditions  in  order  to  exhiUt 
their  luminous  properties.  Tliey  must  have  a  suitable  nutrient  soil  containing 
such  proportions  of  suits  as  shall  render  the  medium  isotonic  Yor  e.\ample,  sodic 
ehlonde,  if  present  to  the  extent  of  8  per  cent.,  vill  render  the  organisms  luminous 
and  ensure  their  remaining  so  for  some  time.  In  thia  manner  they  can  be  readily 
Cttltivated  and  studi^  fl  in  the  laboratory. 

The  luminosity  appears  to  be  a  function  of  the  living  cell  and  can  be  disturbed 
by  any  process  which  inteiferee  with  the  vitality  of  the  cell  itself.  The  dead  cell 
is  non-luminous,  wfailft  antiseptics  which  UU  the  cells  inhibit  at  the  same  time 
their  lumino«ity. 

A  supply  of  free  oxygen  is  essential ;  in  the  absence  of  oxygen  the  organisms 
Uto  but  are  non-luminous.  There  is  no  evidence  of  a  bacterial  product  as  the 
aovrce  of  the  light.  The  process  appears  to  be  the  result  of  an  active  oxidation 
OOSnrring  within  the  cell.  The  light  produced  is  confined  to  a  small  portion  of 
the  visible  spectrum,  and  invisible  radiations  have  not  been  detected.  As  the 
spectrum  of  none  of  these  luminous  organisms  extends  even  to  the  red,  it  may 
safely  ha  assumed  that  no  heat  radiations  are  emitted.  The  light  is  produced 
without  heat.  No  invisible  ra'liations  allied  to  tlio  X-rays  were  detected.  Photo- 
graphs have  been  obtaiaed  by  the  aid  of  the  light  emitted  by  these  organisms.  The 
time-exposure  req^uired  is,  however,  considerable. 

An  exposure  to  the  temperature  of  liquid  air  does  not  destroy  the  luminosity 
of  the  oi^anisrns.  It  has  been  found  pos.sible  to  triturate  bacteria  at  the  tempera- 
ture of  liquid  air  by  means  of  sprcial  niethod.s  devi.sed  at  the  Jenner  Institute  of 
Preventive  Medicme.  The  luminoiu)  bacteria  mechanically  broken  up  in  this 
BMnner  ceased  to  phoepbotesoe.  The  luminosity,  therefore,  is  due  to  the  vital 
processes  of  the  cell,  and  essentially  depends  for  its  origin  on  the  wtaet  organisa- 
tion  of  the  cell. 

We  have  brought  these  results  forward  because  thb  interesting  group  of 
organisms  have  not  hitherto  been  studied  in  this  country  so  far  aa  we  can  trace. 
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5,  Report  on  the  Cyanophyce(f. — See  lieportJi,  p.  473. 


6.  Bepori  on  the  CoUedion  ond  Fretervaiwn  of  Sotaniedl  PhtOograpTu, 

See  Beporti,  p.  i71. 


7.  £xliibUion  of  tome  Characterist  ic  Atistralian  Fla  tUs, 

By  TuoMAS  Steel. 


FRIDAY,  aSPTBMBMB  19. 

The  followinp;  Papers  were  read : — 

!•  JBUctric  Rp^pnn!^*'  of  Ordinary  PlanU  under  MecJtaniexjU  SUmului.^ 
By  Professor  Jaqadis  Chunoeb  Bosk,  JO.,  D^e, 

Eleotrio  veaponae  has  been  jfonnd  Iff  Bnrdon  Stndenon,  Munck,  and  others  to 
occur  in  Bonsitive  plants.  The  present  investigation  waa  direr  tt  d  to  find  wh-  th,  r 
these  responses  were  confined  to  planta  which  exhibit  auch  remarkable  mo¥ements, 
tsA  wlwthflr  they  could  not  also  be  obttinod  fwm  oidmuy  plHilB  wluro  vutbb 
movementi  sm  oompletely  absent.  The  inquiry  had  tlie  fiuiber  importaiit  objaat 
of  dptermininp  whether  throughout  the  whole  range  of  response  pht^nomena  a 
paralit^lidm  iu  every  detail  could  be  demonatrated  between  the  ammal  asd 
vegetable. 

M§tkod  of  experiment. — For  exhibition  of  eleeferie  taapcnue  a  oon-deetrieal 

form  of  stimuliH  is  preferable.  A  mechanical  tapper  gives  laolated  or  superposed 
gtioiuli.  Tliis  form  of  stimulation  labours  under  cortnin  d isad van t aires  :  there  is 
an  unknown  loss  of  energy  due  to  rebound  ;  the  plant  subjected  to  repeated  blows 
IS  liable  to  bo  injined,  and  this  might  give  rise  to  Tanation  in  the  toeeesavo 
•fe8ponse«».  A  more  perfev^t  method  of  >tinmlation,  i.e.,  of  vibration,  has  been 
devised  by  me.  The  mtf'nsity  of  Htimulation  is  found  to  depend  on  the  amplitude 
of  vibration.  In  order  to  maintain  the  efiective  intensity  of  stimulus  constant  it 
is  nscassaij  (1)  to  maintain  the  Tibration  amplitude  constant,  (3>  tho  period  of 
vibiration  constant. 

As  regards  the  obtaining  of  re-sponse  the  method  of  injury  or  negative  varia. 
tion  may  be  employed.  But  a  far  more  perfect  plan  has  been  devised  by  me — that 
of  Uodr. 

The  advantages  of  this  method  are :  (1)  The  response  is  dlltainsd  under  psv> 
fectly  normal  conditions,  the  plant  beinp*  left  intact ;  (2)  every  experiment  may  be 
duplicated  by  corroborative  reversal  experiment.  Many  investigations  which  can- 
not be  attempted  by  the  method  of  injury  can  be  easily  canisd  oat  by  the  meUiod 
ofUoek. 

As  regards  the  record  of  responses  the  following  device  is  very  perfect,  nnd 
enables  demonstration  before  a  large  audience.  Twin  aluminium  cylinders  are 
kept  revolving  at  a  uniform  rate  by  clockwork,  an  endless  band  of  paper  passing 
over  the  cylinders.  The  moving  giU vanoraeter  spot  of  ligiit  is  at  right  ei^^to  the 
motion  of  the  reeovding  paper  and  is  followed  with  a  pen. 

*  For  a  more  complete  account  see  the  following :  Bose,  *  Response  of  Inorganic 

Mntter  to  Stimuli^'  (Friday  Evening  Discourse.  Hoyal  Inttitution,  May  r.*«»n; 
'Electrical  Kesponse  in  Ordinary  Plants  under  Mechanical  Stimulus '  {Jonntal 
IMmem^  SoeUtg,  Mazob  1902);  JSetpotue  in  tk«  ZMt^  mid  Xim-iMnf  (l^ongmans, 
Gfeen,  k  CO.). 
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As  "with  different  animal  tissues,  three  types  of  responses  hare  been  obtained 
with  plants:  (1)  Uniform  ruspouaea;  (J^  response^j  exhibiting  fatigue;  and 
('i)  respoDsee  ochibitini^  *  ttaireuB '  effect.  ^  Singly  imflbetiTe  stimuli  become  effee* 
rive  by  gummation.  Under  continuous  Stimulation  a  maximum  eflbet  is  obtained. 
Increasinf^  stimulus  produces  incrensinp  response,  which  tends  to  appronch  a  limit. 
A»  regards  the  effects  of  temperature  on  response,  the  r»'!jpon.*e  is  at  its  maximnra 
at  the  optimum  temperature,  the  response  declining  above  and  below  the  optimum. 
Tbe  response  dissppesrs  at  the  death^points.  By  do  other  method  can  the  dea^- 
points  De  determined  with  such  an  exactitude.  Under  certain  conditions  a 
•liphasic  variation  is  obtained.  Ordinary  plants  exhibit  electrotonus.  Anajstlietics 
pradually  depress  response;  poisons  abolish  it  alto<rether.  The  elfeet  of  th»j  latter 
sometimes  depends  on  the  dose,  a  small  dose  producing  the  opposite  effect  of  stimu- 
ktioiL  These  and  other  efibela  obtained  with  pkati  tie  ameU^  oonespoDdent 
with  the  eilbets  obtained  In  the  animal  tianiea. 


2.  The  Movements  of  the  Fhiver-luds  <^  Bparmannia  af  ricana. 

By  RiNA  Scott. 

Sj)annannia  africana  is  a  common  greenhouse  plant,  whioh  was  introduced 
from  the  Cape  into  Europe  in  1 790. 

It  is  well  known  to  the  botanist  on  account  of  the  curious  movement  of  its 
•tamensy  which  when  touched  gradually  move  away  from  the  stigma,  leaviog  it 
exposed  and  ready  linr  ferttUsation  by  beea.  A  paper  was  written  on  the  snt^eet 
by  Ch.  Morren  as  early  as  1841. 

The  following  observations  are  on  the  movements  of  the  flower-buds  and 
iiowers  up  to  the  time  of  the  settiug  of  the  fruit. 

At  first  the  buds  hangf  aU  in  one  plane ;  each  bud  has  a  joint  on  the  stalk, 
^bich  is  much  swollen  below  the  flower.  This  joint  regulates  the  position  of  llie 
bud,  flower,  or  fruit  ut  different  times  of  its  derelopmeut,  and  it  is  heie  that  the 
fruit  is  detached  when  ripe. 

Three  complete  inflorescencea  were  drawn  from  bud  to  fruit,  from  February  35 
to  May  1902,  every  day  and  every  night,  and  from  these  data  the  following 
results  were  obtained. 

The  flower-stalk  circumnutates  and  prrows  during  flowerinpr  on  an  avenge 
\\  in.  (4  4  cm.)  in  heiffht ;  tlip  flower-bud  rises  3  inches  (7'5  cm.)  in  heipht. 

The  buds  rise  one  by  one  from  the  drooping  position  to  the  horizontal ;  then 
nake  a  siharp  cnrre  inwards,  and  just  before  flowmog  the  bod  hauffs  down  in  an 
sattctly  vertical  position,  which  is  attained  by  the  niovement  at  the  joint.  The 
flowers  open  during  sunlight  at  a  temperature  not  below  00°  F,  f  IT)  5  0.),  so  that 
on  a  cold  day  perhaps  only  one  flower,  while  on  a  hot  day  three  or  four  may  be  open 
at  the  same  time. 

On  a  sunny,  hot  day  the  flowers  open  very  quickly.  One  bud  began  opening?  at 
12  P.M.,  temperature  70°  F.  (21-1  C),  and  was  completely  open  at  2.6  p.m.,  72r  P. 

(;22'2  C.)  ;  asl.  pp  nt  H  p  ?f.  The  bud,  however,  will  not  go  on  opening  if  for  any 
reason  the  tenipfrature  fjills  below  60°  F.  (15'o  C).  One  bud  begtiii  opening  at 
10.60  A.M.,  temperature  Vl°  F.  (22*2  C),  on  a  bright,  sunny  day ;  at  11  a.m.  it  had 
put  up  two  sepals ;  at  12.10,  66°  F.  (18*8  0.>,  it  was  purang  up  a  third,  when  a 
hailstorm  rsduced  the  temperature  below  60^  F.  (16*o  G.) ;  at  12.40  p.m.,  6b°  F. 
(18-8  C),  it  put  up  ft  third  sepal,  when  another  hailstorm  at  2^0  again  reduced  the 
temperature,  and  the  flower  closed  for  the  niffht. 

Every  night  the  flowers  go  to  sleep ;  the  youngest  go  to  sleep  first.  The  flower 
isbeot  dbwnwards  at  the  joint  and  first  the  petals  close,  one  at  a  time,  and  then 
the  lepals.  A  younrr  flower  may  go  to  sleep  as  early  as  6  P.1I.,  whUe  an  old  one 
aiay  not  be  ash'op  hy  lO.rjo  r.if. 

The  usual  hour  for  wakinjr  is  about  0  a.m.  The  flower  begins  openiufr  soon 
sfter  sunrise.  On  March  23,  at  0.40  a.m.,  the  petals  began  to  expand,  temperature 
48"  F.  (9*"  C.)i  and  the  flower  was  full  open  at  9  This  is  illustrated  by  a  long 
ierifls  of  drawings. 
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Tbe  flowm  reopen  for  eevenl  daje.  Tlie  first  day  the  aligaui  k  ikrt  mk 

the  pollen  unripe*  petals  curved  back;  tibe  second  day* the  stigma  hugrmii 

long  as  the  !*tfinit>n«,  and  tlje  pollen  is  ripe ;  the  third  day  the  petals  rtm^  4c 
opeu,  and  ihertt  is  a  jirofuse  quaotity  of  pollen  ;  during  this  lime  the  dew 

Sraduallv  takes  up  a  veriical  pusiliuu,  pollen  often  being  formed  fur  five  cr  oi  | 
ays.  Then,  if  fertiliaed  by  bees,  the  flower-^talk  fUle  egain  into  die  JutmA 
position,  from  which  it  nsm  again  aa  the  fruit  ripena.   The  fruit  does  not 
ea><ily  in  Eng'land.    llf-'s  Imd  to  Im  introduced  into  the  greenhouae  on  a  *liy¥i« 
the  lenip'Trtture  wa-t  abij\  e        F.  (  211  C.)    The  fruit*  ripeo  aod  iaU  off  li 
joint.    The  metsds  were  germiuuied  and  the  £»eediiugd  drawn. 

The  behanour  of  the  fiowen  in  rain  was  also  deeoribed. 

3.  On  (fir  (jfrminntion  of  Fatty  Seeds,  j 
By  Professor  J.  Keynolds  Gbeen,  F.Ji.S.,  and  H.  Jac&bo5.  ' 


Onihs  Suapenaian  of  Life  at  Low  Temp^^raiurtt. 
By  Allan  Macfadtbit,  M.D.^  ami  Stonbt  Rowlahp,  MJL 

Our  first  experimonts  were  made  with  org:ani8m8  poaeeanng  varying  de^rnt  ol 
leaistance,  the  extremes  in  this  reepeot  being  represented  by  the  sensitive  bpiriiln 
of  cholera  aaiatica  and  the  reaistent  spores  of  naeillus  anthraci.s.     Ten  orjianina 
altogether  were  used  and  cooled  down  to  —  UK)°  (\,  in  the  fir<t  instance 
twenty  hours,  and  eventually  for  seven  days.    These  exposures  did  not  prodaee 
any  appreciable  impairaient  in  the  vitality  of  the  oij^anisms,  either  aa  r^ardi  tUr 
growtn  or  their  eharacterist  ic  phyaiologiral  properties,  audi  aa  pignent  aid  fii 
production,  pathogenicity,  &c.    Amongst  the  organisms  tested  were  photo^nie 
oacteria,  and  the;***  likewise  preserved  their  normal  luminous  properties :  and 
were  able,  through  the  kindness  of  Profesaor  Devvar,  to  apply  a  still  severer  t«»t- 
namely,  an  exposure  to  the  temperature  of  liquid  hydrogen  (about  —  2&?°  C.),a 
temperature  wnieh  is  aa  far  removed  from  that  of  liquid  air  aa  is  thatof  liqaii  or 
from  the  average  summer  temperature.    Ten  hours'  expoauM  to  tbi^  tempaitore 
had  no  appreciable  etl'^  ct  on  the  vitality  of  the  mirrf>-organis>nis  te^tr^d    At  su-k 
temperatures  it  mml  be  tuisumed  that  the  chemical  metaboliiim  of  tae  ceil  ccawi, 
in  the  absence  of  heat  and  moiatore.  At  tbe  same  time  it  appeared  to  us  adfinfeh 
to  teet  the  influence  ot  tt prcUmged  exposure  to  low  temperatiuea  on  the  vilaUlyof 
cells.    The  experiments  were  conducted  with  tbe  aid  of  the  liquid  air  plant  at  tbe 
Jenner  Institute  of  Preventive  Medicine.    The  orgnnisms  employed  were 
B.  typhosus,  B.  coli  communis,  Staphylococcua  pyogenes  aureus,  and  a  iic- 
charomycea.  Tbe  bacteria  were  suspended  in  small  loops  of  platinum  wirterm 
ootton-wool  swabsy  and  directly  immersed  in  the  liquid  air.  Tbe  yeait,  wtAd 
and  preseed,  was  wrapped  in  rice-paper,  and  likewise  directly  immmed  in 
liquid  air.    Saraplcs  %%ere  taken  and  tested  at  intervals  for  a  total  p*  ri«Td  of  s;i 
months.    In  no  instance  could  any  impairment  of  the  vitality  of  the  orgaoiaoube 
detected.   The  yeast  gave  a  good  gi-owth,  and  exhibited  ita  fermenutive  po«Ni 
unaltered ;  the  typhoid  bacillua  retained  its  pathogenie  and  other  prooeriisi;  Aff 
Staphylococcus  aureus  gave  a  characteristic  pigment  growth,  and  the  colon  badllit^ 
responded  to  all  the  typical  tents  that  were  applied  to  it.    Judging  by  the  md% 
the  experiments  might  have  been  prolonged  for  a  much  longer  period  than  ax 
mouths  without  appreciable  influence  on  the  vitality  of  the  organisms  in  quaitiaa 
The  ordinary  manifestations  of  life  cease  at  aero,  but  at  —  190^  C.  wi  h*^ 
every  reason  to  suppose  that  intra-cellular  metabolism  must  also  cease — ass  resili 
of  the  withdrawal  of  two  of  its  cardinal  physical  conditions — heat  and  moisture- 
It  is  diihcult  to  form  a  conception  of  living  matter  under  this  new  cocAM'^ 
which  is  neither  life  nor  death,  or  to  select  a  term  which  will  accun^ 
describe  it. 

It  is  a  new  and  hitherto  unobtained  state  of  living  mattei^-*  wteUs 

dition  of  suttpended  animeUwn, 
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5.  BeMtanu  of  Seeds  to  High  Temperatures,  By  H^nby  H.  Dixon,  D,Se, 

Varioufl  experimenten  have  inTestlgated  tbe  limits  of  temperature  whieb 
spores  of  the  lower  rlants  and  animalit  can  withstand.  The  resiUts  they  have 
obtained  show  thnt  tliopo  «>pore<,  if  dry,  can  perfninste  alter  ♦'xposure  lo  the  lowest 
temperatures  obtainable,  while  the  upper  limit  ior  aimilariy  dried  spores  lies 
between  \iXf  C.  and  ISO*'  C. 

For  eeeds  of  the  higher  pbiota  also  it  baa  been  more  leoentiy  shown  that  the 
lo'^Ast  temperatures  aTailable  are  without  harmful  effects.  This  note  containa 
an  account  of  some  experiments  on  the  maximum  temperatures  seeds  can  with* 
stand  and  after  which  they  will  retain  their  germinative  power. 

Before  exposure  to  the' high  temperatures  the  seeds  were  either  desiccated  over 
sulphuric  acid,  or  dried  in  an  oven  the  temperature  of  which  was  gradually 
raised  to  00**  C.  After  desiccation  the  seeds  were  exposed  for  at  least  one  hour 
to  the  higher  temperature.  After  exposure  the  seed 8  were  sown  on  moist  sand. 
The  following"  temperatures  were  obtained  as  the  highest  alter  exposure  to  which 
the  seeds  of  the  species  mentioned  could  germinate  : — 

Miranlus  mosobatus  . 
M.  luteus  . 
Papaver  somniferum  . 
P.  nndicanle 

Meconopsis  cambrica 
Hcbixope talon  walkeri 
Braesica  mpa  . 
Eschficholtzia  califwnica 
Lactuca  sativa  . 
llelianthns  argophyllos 
Ijoliom  perenne. 

Seeds  of  Lagenaria  vulgaris  and  IL  racleum  giganieum  were  usable  to  germinate 
after  expohure  to  n  temperature  of  00°  C. 

The  eeeds  of  any  one  species  show  conpiderable  individual  differences  in  their 
power  of  resisting  high  temperatures.  Thus  a  large  percentage  of  a  sample  of 
f^eeds,  say  of  Acena  Mtita,  will  germinate  after  ex])osure  to  a  temperature  of 
100°  0.-106**  C.»  while  only  a  very  small  percentage  will  germinate  if  exposed  to 
118°  C. 

The  time  needed  for  germination  is  increased  by  exposure  to  temperatures 
near  the  maximum.  In  u  general  way  the  higher  the  temperature  to  which  the 
seeds  are  exposed  the  longer  will  be  the  period  of  germination. 

I^ng  exposure  to  a  comparatively  low  temper&iure  may  prove  more  fatal 
than  a  short  exposure  to  a  higli  temperature.  Tnu««  seeds  which  will  germinate 
successfully  after  one  hour's  ♦  xposure  to  110°- 120^  C.  will  not  germinate  after 
twdve  days'  exposure  to  a  temperature  of  y6°-07°  C. 


.    105°  C. 

Medicagd  sativa 

121°  C. 

.  112° 

Avena  sativa 

118° 

.  100*' 

Hordenm  distichum  . 

118*» 

.  100* 

Cucurbita  pepo  . 

112» 

.  lOO** 

Ilelianthus  annuos  . 

112^ 

.  105° 

Pisum  sativum  . 

112° 

.  1I0«» 

Tngonella  fennm-graecum 

90" 

.  110° 

Lotus  tetragonolobus 

100» 

,  114^ 

Convolvulus  tricolor  . 

120« 

.  110° 

Nicotiana  tabacum  . 

112° 

.  110** 

Q^tonia  caadicans  . 

105° 

6.  Tli4  Mffect  of  Temjyerature  on  Carbon  Dioxide  Aanmilalion, 
My  MisB  Gabribllk  JL  C.  Matthajbi. 

This  investigation  differs  from  any  which  have  preceded  it  on  the  same  aubjec 

in  the  attention  paid  to  uniformity  in  the  environment  of  the  leaves  he/ore  the 
S-vperifuent.  Recent  work  hn«  shown  that  both  the  nf«<«imilation  and  tlie  res]»ira- 
tionof  a  leaf  depend  on  its  previous  nutrition  and  temperature.  For  this  reut-on 
•  separate  leaf  was  used  for  each  temperature,  care  being  taken  to  keep  them  for 
mne  time  under  exactly  similar  conditions. 

Leaves  of  the  Cherry  Ijaurel  {Prunm  laurocerasvi^vreTC  employed  tliroughout. 

Since  allowance  had  to  he  made  for  the  respiration,  tliis  was  taken  for  each 
tempei^ture  under  exactly  similar  conditions  to  those  existing  in  the  correspond- 
vg  Mriaiilation  experiments.  A  good  curve  showing  the  gradual  increase  of  the 
'^■puition  with  the  tempemtura  was  obtained. 
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The  l0W8«t  temperatun>  at  wblch  assimilation  could  be  detested  WM  —9^0* 
This  is  the  first  well-*'sta1)llshcd  case  of  assimilation  below  0^  C. 

For  temperatures  between  —  6°C.  and  33^0.  it  w&a  luuod  that  a&iimilation  Is 
sffiaeted  in  exactly  the  satne  way  ss  is  resf^tioii.  PioTided  the  illamiiiatioii  is 
sufficient,  the  assimilation  increases  with  the  tempersttin.  At  any  tem- 
perature the  leaf  is  only  capable  of  a  limited  absolute  amount  of  assimilation,  and 
increase  of  illumination  beyond  the  amount  requisite  for  this  msTimsl  smouiit 
produces  no  ftirther  ^eot  at  sU.  A  greater  essimilEtion  osn  onlj  be  obtained  bf 
increasing  the  temperature.  Thus  the  fundamental  condition  regolakiiig  thie 
assimilation  i?  tlie  temjx'rature,  the  intenr^ity  of  tlu^  lig-lit  occupying  a  secondary 
position  .similar  to  that  of  the  percentage  of  carbon  dioxide.  This  simple  concep- 
tion of  the  relation  between  temperatures  and  assimilation  stands  quite  apart  from 
all  provioos  views. 

For  temperatures  above  S  rC.  the  result  w  complicated  by  the  injurious  effects 
of  the  temperature.  Tlie  fatal  temperature  for  Cherry  Laurel  leaves  is  in  the 
region  of  4I-4~>°C.,  but  the  speeitic  resistAnce  of  the  individual  leaves  is  very 
▼ariable.  Death  is  shown  by  a  rapid  decrease  in  the  respiration,  but  it  nay  m 
Several  hour.s  before  tlii«  cease,**  entirely.  I'Apnsnr^  to  litrht  has  a  most  marksd 
efl'ect  in  increa^^injr  the  resistance  of  leaves  to  the  eilect  of  high  temperatures. 

Most  interest ing  results  were  obtained  from  the  prolonged  exiM>sure  of  leaves 
to  high  temperatures.  It  was  found  that  the  r6S|»ration  of  a  leaf  in  the  daik  ftUs 
off  much  more  rapidly  than  that  of  a  leaf  in  the  light,  and  the  former  can  in  no 
case  be  taken  as  a  measure  of  the  latter.  At  fir^t  a-ssirailation  and  respiration  are 
equally  and  similarly  affected  by  the  temperature,  but  later  the  assiaiilation 
osasoB,  while  respiration  is  still  aeliTe. 


I.  On  the  Dwaimntrality  of  the  Podostemarfifi;  with  ref^rnw  io  eurretU 
views  on  Evolution*    Jiy  Jon.v  C.  Willis. 

The  paper  rofu!  is  an  extract  from  a  forthcoming  paper  iti  the  annals  of  the 
lloyal  Botanic  (.ianL  ns,  Peradeniya,  upon  the  Morphology  and  Ecology,-  of  the 
rodostemaceie.  This  order  shows  a  very  far> reaching  dorsiventnility  of  struct aroy 
both  TesetotiTe  and  floral.  Two  lines  of  argument  are  followed— one  morpho- 
logical) Uie  other  ecological.  Conimencin;i  with  the  less  modified  types  found  in 
the  order,  which  nhow  a  slipht  atuount  ot  dor.«iiventridity  in  the  vegetative  system 
and  none  in  thetioral,  a  series  is  traced  through  the  more  moditied  types,  showing 
the  progressive  inersase  in  dornventrality  of  the  vegetative  system  foUowsd 
throughout  by  an  increase  in  that  of  the  iloral,  showing  first  in  the  spathe  and 
braets,  then  in  the  androeceum,  next  in  the  gynaeceum,  and  lastly  in  the  interior 
of  the  ovary.  In  the  next  place,  the  same  series,  regarded  ecologicaliVj  shows  that 
though  the  flowers  are  steadily  mors  and  more  zygomorphic— a  condittun  nanally 
regarded  as  an  adaptation  to  insect  visits  and  accompanied  by  a  horizontal  positioa 
of  the  open  flower — we  have  here  ilowers  which  sUind  stiflly  eiect|  and  are  mors 
and  more  anemophilous  and  autogamous. 

The  most  reasonable  explanation  of  these  fhcts  seems  to  be  that  the  dorsiven- 
traltty  of  the  flowers  has  been  forced  upon  them,  without  reference  to  any  advan- 
taorc  or  disadvantage  in  the  performance  of  their  special  functions,  bvthe  steadily 
increasing  dorsiventrality  of  the  vegetative  system,  the  latter  being  due  to  the 
general  effect  of  the  total  conditions  of  life  acting  on  the  hereditary  peculiarities  of 
the  aixisetml  forms,  whether  directly  or  indfrsetly.  Now  the  dorsiventrality  of 
the  floral  organs  is  a  character  of  high  taxonomic  value,  and  upon  the  various 
degrees  of  it  the  grouping  of  the  Podostemacese  is  chiefly  founded,  while  it  is 
always  regarded  as  important  in  other  families.  The  conclusion  drawn  is  supported 
1^  the  fiwts  (tf  dorstventraiity  in  other  families,  and  if  admitted  as  probable  opens 
up  a  number  of  new  pointo  of  view,  and  raises  questions  whieh  muait  be.asmsd 
one  way  or  the  other. 

If  one  character  of  importance  may  thus  be  forced  upon  an  organ  or  oivajos 
without  rsferanoe  to  any  ad? antagp  to  that  organ  in  the  petfeimaaoa  of  its  mw* 
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tioiUy  it  seems  only  likely  that  others  may ;  aud  cousequently,  that  the  study  of 
adaptatioB  mist  entar  upon  »  new  phase  in  oooneetion  inth  the  study  of  com« 
paratiTe  and  ezpenmratal  moq>hology  and  of  Tariation. 

Another  qtiostion  raised  is  the  inseoarity  of  our  conceptions  of  p'onora  and 
other  taxonomic  groups,  and  the  iiee<l  of  some  more  quantitative  aud  phylogenetic 
basis.  We  divide  the  Podostemaceie,  for  example,  into  ffeuera  and  sub-ordem 
largely  upon  the  degree  of  dorsiiwtnlity  displayed  in  the  flowefs  and  fruita,  bat 
W9  do  not  know  the  real  qoantitative  or  phylo^uetic  value  of  the  dlatinotioiia'  It 
also  follows  from  the  above  conclusion  that  it  is  highly  probable  that  many  genera, 
species,  sub-orders,  or  even  larger  groups,  may  l^e  polyphyletic.  We  can  easily 
ima^ne  a  group  of  allied  or  similar  species,  for  example,  all  becoming  more 
doraTential  in  their  vegetative  systema,  and  at  laat  all  of  them  showinpr  the  eflbet 
in  the  floral  organa.  Aa  the  eifect«  in  the  latter  seem  to  follow  ver^  definite  rulee, 
all  these  species  may  presently  form  a  polyphyletic  genus,  there  bemg  no  ancestor 
which  has  the  generic  characters.  The  sann  reasoning  applies  to  hip-her  groups, 
and.  in  the  very  largest  groups  we  are  already  beginning  to  perceive  clearly  that 
many,  if  not  most,  are  more  or  less  polyphyletic.  It  is  evident  that  this  view,  if 
it  prore  trne  eyen  in  part,  will  help  in  clearing  up  the  darkness  which  aanouiida 
many  of  the  pioUema  of  efolution,  geographical  oistribtttioiit  &c 


8.  Foliar  Periodicity  in  C^  i/lon,    By  Herbert  Wright. 

The  high  temperature  and  humidity  of  the  air  in  most  parts  of  Cfylon  allow 
almost  continuous  growth  of  the  arbore8Ct?nt  vegetation.  There  are,  however, 
nearly  two  hundred  species  which  become  leadess  at  different  times  of  the  year. 

Elxtenial  and  internal  factors  affect  the  phenomena  of  defoliation  and  foliar 
renewal.  The  climatic  effect  is  obvioui  fiom  the  fact  tliat  the  majority  of  our 
(1*^lduou«i  species  become  leaHt'sn  during  our  hottest  and  driest  months.  The 
•leciduouzi  trees  respond  only  to  one  hot  dry  period  of  three  or  four  month?,  and 
not  to  the  dry  part  of  each  monsoon.  Some  species  undergo  complete  defoliatiou 
twice  per  year;  othen  exhibit  incremental  foliar  activity  several  times  per  year^ 
in  adtutioil  to  a  complete  annual  renewal,  and  many  introduced  species  show  great 
variation  during  their  phase  of  acclimatisation.  In  the  northern  districts,  where 
the  rains  of  the  south-west  monsoon  are  very  reel)le  a.s  compared  with  those  at 
Peradeniya,  the  defoliation  is  considerably  delayed.  The  climatic  conditions  in 
OeylcQ  a«e  aol  equable  enough  to  allow  ooDtinned  development  alon^  personal 
lines,  and  hotanista  desiniig  to  study  the  pefiooal  equation  in  plant  life  ahonld 
select  a  more  equable  area. 

Internal  forces  are,  however,  obviously  at  work,  as  evidenced  hy  the  following:— 

(a)  Species  retain  full  possession  of  their  foliage^  or  put  forth  new  leaves  when 
the  temperature  and  dryness  of  the  air  is  at  the  maximum. 

{b)  some  species  drop  their  leaves  aud  remain  bare  during  wet,  cool  month% 
when  transpiration  is  at  tiie  minimusL 

(c)  Fhmta  of  the  same  apedes,  oo  the  aame  pbts,  ara  deeiduooa  at  perioda 
varying  by  many  weeks  and  months. 

(ff)  Tne  same  species  may  undergo  defoliatiou  at  approximately  the  same  timo 
of  Uie  year,  though  imder  the  dissimilar  climates  of  Peradeniya,  Colombo,  aud 
Mannar. 

The  irregularity  of  foliar  periodicity  is  very  pronounced.  There  is  not  a  month 
when  all  the  trees  are  in  full  leaf. 

The  foliar  periodidty  of  the  evergieena  is  as  complex  as  that  of  the  decidooua 
trees,  the  foliar  renewal  taking  place  annually,  hi^annually,  or  weekly,  all  being 
subject  to  individual  variations. 

Complete  defoliation  and  foliar  renewal  in  temperate  and  tropical  zones  often 
results  in  the  differentiation  of  rings  of  growth  in  the  secondary  xylem«  'the 
variatioB  in  our  tropical  speeiea  is  so  great  that  an  exact  knowledge  of  fdia^ 
activity  must  be  at  hand  oeibie  the  time-value  of  the  ringa  of  growth  can  b« 
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determined.  Srtplinjjs  may  undercfo  foliar  repletion  In  the  first  year,  or  several 
vears  mavelapst'  before  this  occurs;  mature  phints  maybe  characterised  by  annual, 
Wannual,  or  incremental  periods  of  leaf  production;  further,  many  trees  are 
tepMtedlj  delblialed  by  the  nvages  of  inflects,  l»te,  and  tniop. 

Foliar  periodiei^  tt  the  most  ptettt  factor  in  determining  the  number  and 
pinTiificnnce  of  flip  rinprs  of  ffrowtli,  but  lor  the  complete  interpretation  of  these  a 
further  knowledge  of  the  rate  of  cambial  activity  and  the  independent  effect  of  a 
hot  dry  eoMon  is  neeess aiy. 

Thenleof  cambial  activity  is  of  e.<4peoial  Tslno  in  determining  fhe  wpag 
significance  of  the  xylem  ditfeieutiatioDS  in  slow-growing  deeidnoos  or  qnidi- 
growing  evergreen  trees. 


SAT  Lit  J). {)\  SEPTEMBER  13. 
The  Sectioii  did  not  neet. 


MONDAY,  SEPTEMBER  IS. 

The  followilig  X^perB  were  read  t~ 

1.  Fossil  Nipa  Fruils  from  Bdgiuin, 
By  A,  C.  Bbwabd^  M.A,t  F.XtS*,  €tnd  £.  N.  Abbbh,  lf.A. 


2.  The  Seed  l  'ikt'  Fntcf ijication  of  MiadeBinia  Meiiilrraiiacea  (Bertrand),  n 
Lycopoduiceous  FldrU  frovi  iJte  Coal  Measures.  By  Maiigahet 
Benson,  D.Sv, 

Thej*e  interesting  forms  Were  first  recopiii>*ed  in  some  Duleejrate  slides  sent  by 
Mr.  Lomax  to  rrolessor  f .  W.  Oliver.  Mr.  Lomax  has  during  the  last  year 
been  able  to  secure  many  further  examples  which  have  oonfiimed  Dr.  8eott*s 
su^^estion  that  they  were  the  missing  sporophylls  of  Bertiaads  new  geuuf>. 
Miadosmia.*  The  foliage  leaf  beiirs  n  Hgule  in  a  longitudinal  groove  with 
thickened  base  and  sides.  In  the  snorophylls  the  sporangia  are  inserted  singly  in 
the  proximal  end  of  the  groore,  ana  are  Islge  and  pedicellate. 

They  lie  in  a  plane  parallel  to  the  lamina.  In  the  megasporophyU  the  ddea 
of  the  groove  are  completely  coherent  above  the  sporange,  and  thus  form  a  velum  ; 
while  the  fimbriated  distal  part,  together  with  the  lamina,  form  a  micropyle  and 
oollecting  apparatus.  The  wall  of  the  mega8])orange  is  composed  of  eererst 
layers  oi  isodiametric  cells,  and  endosM  a  single  thin- walled  megaspore  or  embryo 
sac.  The  microfsporange  has  no  velum,  and  the  wall  is  formed  of  a  palisade  laver. 
The  author's  thanks  are  due  to  \  )r.  Scott,  who  with  rrofeesor  Oliver's  sanction 
placed  the  earlier  slides  at  her  dispoi^a). 

•3.  A  fOtsibU  Calynimatotlifica  Tfj]^  of  Fructification  tkaufing  SirtLcturt, 

By  Margaret  Benson,  D.Sc. 

In  some  Dulesgate  plides  sent  to  the  author  in  May  1902  there  appeared  some 
large  sporangia,  between  3  and  4  mm.  in  length  and  about  1  mm.  in  width, 
which  are  pointed  at  the  apex  and  tapered  somewhat  to  the  haee.  The  wall 
is  composed  of  seTersl  layem  of  cells,  and  is  provided  with  laige  traclieidca. 

^  Bertrand,  *  Sur  vnsnonvelle  Ccntradetmidf,'  Assoc.  Fran^.  poor  TAvancem.  de  la 
Bdenoe,  18M. 
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In  one  of  tlie  slides  theM  tporangU  -were  coherent  in  a  cluster  of  nx  to  eifrht, 
and  bore  a  very  striking:  r<>st>mhlnncu  to  the  Calymmatotbeca  tjpe»  which  hM 
been  so  far  only  known  in  the  lorm  of  impremicns. 

Thttw  nwrangia  are  ajisociated  with  petioles  and  othsr  fragments  of  Zjfffino' 
dendrcn  oldkmnium. 


4.  On  aotm  Netv  Features  in  relation  to  Lyginodeudron  oldhamium. 

By  J.  LoMAX. 

Since  the  year  lis72,  when  the  hite  Dr.  AV.  C.  Willinmsnn  piiblif«he(l  hi« 
Memoir,  part  iv.,  in  the  *  Trans.  Roy.  Soc.'  on  Dictyoxi/hn,  Lyyiuodendron  and 
HeUrangiumi  this  genus  of  foesU  plants  has  nndergone  a  good  many  alterations  or 
nodificfltion.s  at  the  hands  of  the  palfeobotaniat. 

In  tlte  Mt-raoir  above  qnoted  Lif^inoflfnffrnn  oMhofnium  is  described  ns  nn 
unbifurcatiug  stem,  but  giving  oil'  very  small  branches  (see  p.  387|  figs.  14  and  It), 
PI.  zzT.  loc  cit.),  and  in  some  respects  dmilar  to  a  LtpMoekndrmd  stem. 

In  hia  Memoir,  part  vi.  1874,  he  descrihes  fblly  a  stem  to  which  he  originally 
puve  the  name  of  Edro.ty/on,  but  which  now  appears  under  the  nnme  of  Bnchiojy' 
ieris  aspera.  (See  part  vi.,  tigs.  1  to  13,  *  Pliil.  Trans.  Boy.  Soc./  1874.  lig.  13 
he  describes  as  a  petiole  with  pinnules  and  leaflets.) 

In  Memoir,  part  vii.  1875,  he  describi's  a  faeries  of  specimens  under  the  name 
of  Kaloxtjlon  llooherr.    (See  figs.  L'o  to  ;j8,  PI.  ."),  H,  nrrl  7,  loc.  cit.) 

The  small  branclie8  which  Williamson  described  in  1872  under  the  name  of 
'  Kalojcyion '  have  since  been  proved  to  be  the  roots  of  Lyginodendron. 

In  the  esse  of  Jiarhiopten«  a^)era,  it  is  now  well  known  that  it  is  the  leaf- 
stalk or  petiole  of  Lt/ginod^uflnoi,  wliilst  the  fossils  known  as  Sjihenxptevi^ 
Jloninghausi  and  Spheiioptcris  dUtantt  are  the  ioliupB  ot*  Lt/f/inodevdron,  (See 
'Williamson's  Memoir,  1890,  part  xvii. ;  also  Williamson  s  and  Scott's  Memoir,  1895, 
part  lit) 

In  most  cn5PR  when  this  Stem  has  been  deecribed  it  is  as  an  nnbifmcatiDg  or 

unbranching  stem. 

In  l)r.  h.  11.  Scott's  '  Studies  in  Fossil  Botany,'  p.  321,  be  says  that  *  Tso  btem 
hss  ever  heen  obsorsd  to  branch;  it  does  not  follow  that  it  never  did  so,  b«t 

branching  must  have  been  very  rare.'  For  some  time  back  I  have  liad  various 
specimens  in  my  poppes-sion  which  I  have  collected  from  Dulrppate,  near  Tod- 
morden,  Lancashire,  which  to  me  have  had  the  appearance  of  giving  ofi'a  branch; 
hot  during  tlie  last  few  months  I  have  diseorered  two  spedmens  which  have  set 
all  doubt  on  this  point  at  mt  Both  specimens  are  in  a  first-dan  state  of 
pre8er%'ation. 

The  iirst  of  the  two  specimens  wa^  collected  in  March  last,  and  is  now  in  the 
possession  of  Dr  D.  H.  Scott ;  it  shows  a  series  of  twentY>four  sections  cut 
tmsTersely.    The  series  runs  through  two  intemodes;  the  flist  showt^  the  Ienf> 

trace  jupt  about  to  leave  the  periflerm,  and  the  stele  is  commencing  to  take  a 
crescent-like  form  on  the  opposite  side  to  that  of  the  leaf-stalk  which  is  being 
given  off,  and  so  on  till  the  stele  of  the  hrsnch  and  stem  are  coro])]etely  separated, 
and  till  the  st  cond  leaf-stalk  is  given  off.  There  are  also  several  roots  given  off, 
one  or  two  of  which  (li('hotnmi>f  iniTnedialely  after  lenving  the  rortev. 

In  the  above  stem  there  are  a  .series  of  four  double  leaf-trace  bundles.  The 
entire  diameter  of  the  stem  is  |  inch  and  about  3  inches  long. 

The  last  specimen  I  have  discovered  is  also  from  Dulesgate,  from  a  mass  of 
nail  nodules,  one  part  of  which  contained  a  quantity  of  folinp^*',  broken  pieces  of 
Qigillarian  bark,  Pnchioptrri.'*  hlbractcnfin,  and  various  otht  i  traf^njents. 

In  this  there  is  a  series  of  five  leaf-trace  bundles.  This  was  about  \^  inch 
in  diameter  and  ahont  4  inches  long. 

The  Rtem  is  nnt  quite  whole ;  a  portion  of  One  dde  IS  misting|hnt  the  develop* 
ment  of  the  branch  is  seen  quite  perfectly. 

The  above  two  specimens  show  that  Li/yinodt-Jidron  had  a  branching  stem  ;  also 
tiiat  the  hfanch  was  given  off  in  the  one  case  between  two  leai^«taUn  and  in  dote 
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proximity  to  aevenl  footi*  Tim  abows  tiiat  it  liM  1)mb  a  |iUiit  of  oonndmUi 

growth. 

The  position  of  the  roots  ulao  ahows  they  mubt  have  been  aerial  roots,  and  not, 
aa  generally  accepted,  baaal  or  confined  to  toe  bMtl  regions  of  the  eteoi. 

There  is  one  other  point  we  want  to  make  clear,  and  that  is  the  generative 
organs  of  tho  plant.  So  far  tht-y  have  03caped  our  notice,  but  I  orpwt  thnt  we 
maj  before  very  long  be  in  a  position  to  atate  definitely  what  wer»  the  fructitic*- 
tive  or  the  regenerative  organs  of  these  meet  interesting  foaail  plants. 

The  detailed  deeoiption  of  the  atwre  specimen  is  left  in  the  liaodf  of 
Dr.  D.  H.  Soott. 


5.  Sporwujiophorea  as  a  Clm  to  AffimtifH  avwn^  Pteridoph^fia, 
Jhj  D.  H.  Scott,  M,A,,  rh.lX,  FM.S, 

Some  years  ago  the  writer  sup/t  stod  thH>  probability  of  an  homolnsTv  h»^tw-:'on 
the  ventral  sporanffiophoreii  of  iSphcuuphyUum  or  C/irirostrodic6  aind  the  eimilariy 
placed  aynangia  of  the  PsUotea};  on  this  ground,  among  others,  an  affini^  be- 
tween the  toll  and  the  recent  famUj  appeared  tenable.  This  Tiew  has  neentif 

been  supporti"!  hy  Professor  Tliomns  of  Auckland,  N.Z.,  on  evidence  drawn  from 
certain  ruinarkable  variations  which  he  observed  in  the  genus  Tnif fijifm'.i.  In  the 
present  commuuicatiou  the  evidence  Irum  comparative  structure  in  the  typical 
nmas  is  oonddeied. 

On  the  view  suggested,  the  synangium  of  the  Psilotew)  is  neither  a  reduced 
strobilus  nor  a  septate  sporangium,  but  a  ventral  sporangiophore  beariog a  vaxiaUe 
number  of  sporau}^  normally  two  or  three,  according  to  the  genua. 

If  this  interpretatioii  holds  good,  the  nearest  affinities  of  the  Frilotese  would  he 
inth  the  extinct  SphenophyUales  rather  than  with  the  Lycopod  phjlttD,  tho*^ 
relationship  no  doubt  exists  in  lK>th  directions. 

In  the  Sphenophyllalea  and  Pt^ilotese  the  sporangium-bearing  pedicel  is  to  all 
appearance  a  yentral  lobe  of  the  sporophy  11.  Yet  it  presents,  in  certain  eases,  the 
closest  agreeaient  with  the  sporangiopliore  of  the  Equisetales,  which  as  a  mk 
appears  to  represent  either  the  entire  sporopliyll  or  an  independent  outgrowth  from 
the  axis.  PaUeoatachfat  indeed,  suggests  a  possible  transition  from  the  one  type 
to  the  other,  for  here  the  sporangiophores  are  inserted  immediatelj  abofo  toe 
'hnotSy'  almost  as  in  CheiroBtrobm.  It  is  not  aeoessary,  however,  to  striTe  after 
a  uniform  interpretation  in  all  cai*es.  "\Vo  may  regard  the  sporangiophores  either 
(1)  As  independent  reproductive  appendages,  which  may  arise  in  various  positicxis, 
or  (2)  as  representing  specialised  leaves,  or  portions  of  leaves,  as  the  case  may  be. 
For  the  hitter  interpretation  analogies  maj  be  found  smoog  the  Fens. 


6,  Notes  (w>  the  Morphol(nfy  of  the  Araucariece, 

By  HiBILLE  O.  FOHD. 

The  Araucariem  include  the  two  genera  Araucaria  and  If/othisi  they  are 
characterised  by  the  regularity  of  their  brauchiug  and  the  per>>ist«uc6  of  their 
leaves.  Snudl  'eoosssoiy  *  lateral  branehes  may  oecor  in  the  region  of  tko  lateial 
brandies. 

In  mature  leaves  more  than  one  vascular  bundle  is  present  with  coo^cuoos 
transfusion  t  issue  composed  of  large  elements  with  bordered  pits. 

The  apex  of  the  stem  ehows  no  deBnito  apical  cell,  but  a  somewhat  irregular 
dermatofren.  Well-marked  annual  rings  may  be  found  in  the  wood,  and  bordsni 
pits  are  found  on  the  tangential  walls  of  the  latest  formed  summer  wood. 

Owii^  to  the  penustence  of  the  leaves,  the  leaf-traces  are  continued  thioogli 
the  wood  of  the  stem  ibr  some  years.  Markfddt  has  Aown  that  partial  teaiinir 
flie  leaf^tnoe  occurs  from  about  the  third  jear  onwards  in  the  region  of  the 
stem  cambium.   In  Agathix  mhusfa,  howoreTy  tMulqg  najslso  oeonr  Bmnlisns 
oualy  in  other  r^iona  of  thu  trace. 

The  roots  are  dlsich  or  trisieh»  sad  eecondaty  thichening  iiltimsteiy  sssrfts  im 
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the  formation  of  a  ring  of  xylem.  In  Att»oana  kkhoiUU  divuioB  of  tlM  Tiidilav 
strand  into  two  hor»e8hoe-«bap»*<i  raa8»*s  was  observed. 

The  seediings  of  Araucaria,  section  Colymbea,  are  characterised  by  a  much- 
swollen  hypocotyl.  Each  of  the  two  ootyledoos  receives  shout  fliro  vsaeiilsr 
strands  mm  the  hypocolyl;  in  the  leaves  a  singlo  hfiuidle  skno  pssses  ont  irom 
the  stem  to  esch  leul 


7.  On  the  Oecurrefice  of  the  Modular  Concretions  (Coal  BoUs)  in  the  Loww 

Coal  Measures,    By  J  ames  Loma2L 

Biiring  the  last  fourteen  or  fiftt^en  years  that  I  have  worked  amongst  fossil 
coal-pl&nta  1  hare  been  struck  witli  the  diversity  of  ways  iu  which  the  difierent 
genera  and  species  of  plants  occur  In  the  diffiurent  ealeified  nodular  mssass  which 
w  o  find  so  plenttiul  in  the  several  localities  where  they  are  found  emhsdded 

in  the  coal. 

At  the  meeting  at  Bradford  in  lUOO  there  was  a  joint  discu^on  between  the 
Geological  and  Botanical  sections  as  to  whether  the  plants  which  entered  into  the 
compoeitionofthe  difierent  ooal  seams  ^w  in  situ  or  not»  and  from  that  discussion 
I  gatliered  that  the  opinions  were  evenly  balanced.  Consequently,  from  that  time 
to  the  pre.sent  I  have  taken  a  very  preat  interest  in  observin;^  the  position  in  which 
the  nodules  are  embedded  in  the  coal  &cam.  It  is  well  known  that  there  is  onl^  oue 
seam  of  coal  in  which  we  find  these  nodulsr  concretions^  and  to  which  difierent 
names  are  given  in  the  difierent  districts  where  it  is  worked.  In  thf  Yorkshire 
district  it  has  the  nanie  of  the  Halifax  Hard  Bed  ;  in  Oldham,  the  Upper  Foot 
Mine :  Bacup,  the  Mtjuntain  and  Union  Mine ;  Todmorden,  which  includes 
Pulesgate,  the  Union  Mine ;  Shaffield,  the  Gannister  Mine ;  and  so  on.  But»  where 
it  is  found,  in  nearly  all  cases  the  roof  contaiDS  similar  concretions,  with  this 
exception — that  the  fossil  remains  contained  therein  are  of  marine  origin,  while 
those  found  in  the  coal  underneath  are  always  of  vegetable  origin,  tiometimesi 
but  not  vezy  often,  we  may  find  a  stray  stem  in  the  nodnlar  concretions  from  the 
roo^such  as  Dailoxi/lon^  Calamitca,  Lepidodendnm  harcouriii;  and  the  best 
specimen  oi  Rachioptrrh  ijrtiyyj  that  has  ever  been  found  iu  the  English  Goal 
Measures  I  discovered  in  one  of  the&e  nodules  from  the  roof. 

It  is  not  m^  intention  to  wter  into  the  chemical  composition  of  these  concre- 
tions, only  BO  far  as  to  state  that  in  most  esses  they  consist  of  calcium  carbonate 
and  iron  pyrites  in  varying  proportions;  and  in  a  few  places  we  find  that  there  is 
a  mixture  of  silica  with  the  carbonate  of  lime.  I  have  obtained  from  three 
localities  portions  of  the  seam  with  these  concretions  of  various  sizes  embedded 
in  the  coal.  Some  of  the  pieces  I  have  obtained  have  been  over  2  feet  long  and 
1  foot  in  diameter.  I  have  cut  these  in  various  directions  to  show  the  plant 
tissues — how  they  ran,  whether  one  Tiodule  was  coincident  with  its  neighbour 
(that  is,  if  the  tissues  in  the  one  nodule  ran  on  into  the  next),  and  if  the 
tissnee  of  one  nodule  ran  parallel  with  those  of  a  succeeding  nodule  eithmr 
lower  or  higher  in  the  seam.  In  that  olject  I  have  been  very  snoeessful,  as 
the  sp'ciiiKMis  will  show. 

During  tui'sc  investigations  it  has  been  gradually  forced  on  me  that,  at  least 
in  this  esse,  these  plant  remains  have  not  grown  on  the  spot  whers  we  now  find 
them,  and  for  the  following  n^asons : — In  one  nodule  out  of  a  number  whicb  were 
joined  together  by  the  ;*urrounding  coal  we  luive  a  portion  of  a  transverse 
section  of  Stigmariu,  about  one-half  the  whole  section;  and  in  the  nodule 
adjoining  to  the  right  there  is  no  portion  of  this  Stiffmaria  whatever,  hut  a 
fiajgment  of  a  longitudinal  section  of  Amyehn  radicann  and  Stigmarian 
rootlets.  In  the  one  to  the  right  above  it  there  is  still  no  part  of  it,  and  in  the 
one  to  the  left  we  have  no  part  of  it  either.  It  is  so  with  the  various  masses  1  have 
asaniined.  Some  we  have  which  have  contained  nothing  but  SHgrnarian  rootiets ; 
their  neighbours  would  contain  Li/ginodendronf  BackiopterU  bibractcnsis,  and 
so  on,  in  short  pifcos ;  another,  Sdqmarian  rootlets,  with  a  short  piece  of 
Lepidodendroii>  fuliginoeuin,  which  could  not  be  seen  from  the  outside  of 
the  nodule,  but  was  totally  enveloped  by  the  rootlets  j  and  so  on. 
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If  iheec  plants  liatl  grown  on  the  f^pot  wherr  wp  now  finrl  thera,  and  beell 
petrified,  we  «hould  have  certainly  found,  wliero  we  had  an  abundance  of  nodule^i 
that  these  stems  would  have  been  continued  from  nodule  to  nuduie  ;  but  that  is 
not  ao.  Wbtt  we  find  ia  a  quantity  of  fragmeote  of  abort  pieeaa  of  atema,  ftc, 
some  with  the  cortex,  some  without,  aomo  aplit  in  fragmpnt«,  and  so  on.  Tlie 
natural  conclusion  is  that  the  various  portions  of  plants  have  been  carried  into 
their  present  position  after  being  broken  in  fragments,  and  before  petrification,  or 
thay  Atvo  been  cmied  fiom  a  pannt  bed  after  petrifiettkm. 


8.  TJie  Morphology  of  Spornngial  IntegunveiUs, 
By  W.  C.  WORSDBLU 

Theoriea  on  the  nttnte  of  the  iotegimienta  of  the  omile: — 

1 .  Foltar'apprndofff  theory :  The  integumenta  are  the  foliar  appeodagea  of  the 
nucollus.  which  \s  a  stem  structure.   Sapporteis  of  thia  view:  Alex.  BraiiBy  Aug. 

St.  llilaire,  Schleiden,  Paver,  Schmitz. 

2.  Sui  t/enevM  theory  :  The  intejfuments  are  special  protective  outgrowths  of  the 
sporangium,  this  latter  being  an  organ  $ui  generic.  Evidence  for  this  Tiew  ia 
afforded  solely  by  facts  of  ontop^ony  :  Strasburger,  Goebel,  Eichler. 

3.  /"'A'  /ar  thcnrv,  chiefly  elaboralfd  by  thi*  last  of  the  undermentioned  authors. 
Based  entirely  on  the  evidence  of  the  altnornial  metamorphoses  of  the  ovule  ;  theee 
are  of  a  very  cont»taut  character,  subject  to  control  of  ver^'  definite  laws ;  the  two 
integumenta  tend  to  proliferate  into  a  three-lobed  marginal  leaflet  or  aegment  of 
till'  ( iirpt'l,  of  which  the  terminal  1  >b<'.  bt«nrin^'  the  nuceiUua  (when  present)  on  its 
ujipt  r  surface,  represents  the  inner,  while  the  two  lateral  lob«R  represent  the  outer 
integument;  this  is  the  extreme  proliterated  form.  Between  this  and  the  normal 
OTule  every  intermediate  trantitiwmlfurm  hat  been  oheemed,  the  extent  of  pro]iiiB»» 
tion  depending  on  the  atageof  development  of  ovule  at  which  the  tendency  thereto 
sets  in.  Tasea  where  proliferjited  outer  integument  app^-ars  as  a  nmple  lamina 
bearing  normal  cup-shaped  iuner  integument  containing  nucelius  on  its  lower 
aorface ;  thia  %trtieture  arieea  morphologieally  by  fuaion  of  the  inner  margim  of 
the  two  lateral  lobas  of  tlie  leallet  m  the  extreme  proliferated  form  across  the  face 
of  the  latter,  the  terminal  lob«'  at  the  same  time  becoming  inrolled.  The  whole 
structure  aud  mutual  rektionship  of  the  parts  is  well  shown  by  means  of  certain 
abnormal  forma  of  foliage-leaf  in  Syringa.  Hence  the  ovular  int^omenta  are  the 
morphologieal  homologues  of  a  three-Iobod  aegment  of  the  carpel.  Id  the  normal 
ovule  the  upper  surface  of  the  inner  intefrnraont  is  directed  inwards  to  the  nucelius, 
this  latter  being  morphologically  an  emergence  from  that  surface,  while  the  upper 
aurfaee  of  the  outer  integument  ia  directed  outwarda  and  away  from  the  Inner 
iDtegument  Thia  appUea  to  all  caaea :  Brongniart,  Cramer,  Wannu^,  OeUnmhf . 

Gneiacem, 

G  net  inn  h«8  normally  three  envelopea  aturrouoduig  the  nocellus.  Theoriea  as 

to  their  nature : — 

Some  repai-d  out<'r  envo'ope  as  an  ovary,  others  as  a  perianth,  others  again 
as  a  third  integument.  The  view  maintained  here  is  that  it  is  a  perianth,  aa  two 
Integumenta  occur  uniformly  througbout  Gymnoaperma. 

Ephedra  and  JVehrit^chia  earli  possess  two  mtegnmentf.  Theory  as  to  the 
nature  of  outer  integument  in  the  former :  perianth. 

Oom^er^i* 

Viewa  aa  to  natare  of  the  i^oiangial  appurtenanoea: — 

BaUlon,  Farlatore,  Sperk,  and  othera  regarded  the  aingle  envelope  as  the  ovaiy ; 
almoat  all  other  botaoiata  agree  aa  to  ita  integuroental  natoie.  SemjuMfW 
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scale :  Schleiden,  Baillon,  Strasburger,  Masters,  regard  h  as  an  aiial  structure ; 
Snch8  and  Eichler  as  a  liyrdnr  placenta  ;  Delpino  and  Peuzig  as  the  tioo  lateral 
lobe*  of  the  bract  \  K.  Brown  as  a  carjH'l;  Van  ri^hem  as  the  first  and  only  le€^ 
cf  «»  mxQlarjfbmi%  Braun,  Caspary,  Von  Mohl,  Stennl,  Celakoraky,  and  several 
othen  aa  homologous  with  Me  two  first  leawt  (or  their  ovular  repreieniat{ve»)  of 
an  axillary  bud.  ^elakovsky  holds  further  that  throughout  Coniferto  the  ovule 
has  two  ioteguraents ;  in  Abietinere,  TaxodinefC,  Cupressineie,  Amucaiieff,  the 
outer  integument  is  normally  proliferated  as  a  seminiferous  scale,  tbis  being  the 
•zact  eoantarpait  of  Otftain  stages  in  the  proliferation  of  the  o? ule  nS  angiosperms ; 
in  Podocarpus,  QwilatotortM,  TorreyOf  and  Ginkgo  it  h  the  outer  fleshy  coat  of  the 
seed ;  in  Toxum^  mierooaehrye,  Daerjfdmm,  it  is  the  fleshy  aril 

Cyeadaeem, 

Moat  authors  regard  ovule  as  possessing  a  single  integument.  5elakovsky 
tiadeiB  ity  aloqg  with  Cephulotaxu*^  Sec,  as  being  holochlamt/deouSf  i.e.,  haying 
the  two  integumanti  intimately  united,  the  outer  fleshy  and  the  inner  woody. 

JPQieinea, 
Sbtnoiporcut  Leptoiporanglatet, 

Celakovaky*a  view  here  maintained  that  soriferotu  segnmnt  cf  ^linmile^  bearing 
as  a  rule  sporangia  on  its  lower  (dorssl)  surface,  is  the  homolngae  of  the  outer 

intevrument  of  the  ovuin  in  Angiosperms,  and  iiidtuium  that  of  inner  integument. 
Evolutionary  series  can  be  traced  beginning  with  : — (1)  Thi/rsopten'^  and  Ili/ment^ 
phyllacea  where  indusium,  enclosing  sorus,  is  tenninal  to  leaf-segment  =  most 
primitive  type.  (2)  Dicktomat  O^otkim,  DavoUin,  Lyyudiumi  the  indusium, 
along  with  sorus,  is  displaced  on  to  lower  surface  by  outgrowth  of  leaf-segment. 
(3)  Cystopteria,  Cyathea,  &e. :  sorus  ari.«ies  from  earliest  stnge  onward  on  lower 
surface.  (4)  Polypodium^  Pteris  cretica :  indusium  completely  disappeared ;  all 
these  mmditiiiiis  have  thdr  homologues  in  stages  of  the  proliferated  oviue. 

HeterotpoTons  Lepfofporangiatet. 

In  Salviniacea9  the  fruit  is  equivalent  to  an  ovule  with  one  integument ; 
indusium  =  inner  integument,  and  leaf-lobe  bearing  sorus  is  probably  homologous 
with  outer  integument.  Striking  resemblance  between  roonan^ic  sorus  of  Azolla 
and  an  ovule.  In  Marsiliaceae  fruit  =  compound  fruit  of  Salviniacero.  Jn  Ptlu- 
larirt  it  is  homologous  with  tlie  pinnately  4-foliolate  leaf  of  MarnHia  \  in  MarsHui 
with  a  pinnately  multifoUolate  leaf.  Outer  wall  of  sporocarp  is  homolo^'ont^  with 
upper  surface  of  outer  integument  of  ovule  ;  indusium,  enclosing  many  son,  with 
inner  integument  of  latter. 

In  most  FilicinesB  sorus  is  polynngic  ;  in  Schizrr»arpfD  and  Azolla  it  monangic, 
a>^  in  most  Phanerojiams.  In  latter  polysorous  character  occurs  abnormally  in 
Jlesj/eru  and  normally  in  Cupreous,  where  outer  integument  bears  on  its  dorsal 
enrftos  saveial  inner  integuments  eontatdng  nuoellL 

« 

Lya)podiacea. 

Isoetes:  View  of  6elakovsk\*  held  that  velum  is  equivalent  to  indusium  of 
Ferns,  and  iiyuie  to  the  soriferous  leaf-segment  of  latter;  hence  sporangium  aloDg 
with  iheee  two  organs* ovule  with  its  two  integuments. 

Lepiiljcarpon  :  *  Integument'  la  probably  equivalent  to  velum  of  Isoetes,  but 
better  developed,  and  thus  to  inner  integument  of  ovule.  Ligule  is  regarded  as 
leaUy  situated  outside  the  'integument,'  the  latter  being  open  at  the  distal  end. 

Jk  other  genera  either  velum  or  both  this  and  l^le  nave  either  quite  aborted 
or  never  been  developed,  which  is  probably  result  of  efficient  protection  of 
sporangia  by  peltate  ( nds  uf  sporophylls,  \\<  in  Leptdodondron  and  Speneeritet, 

In  Equisetaceffi  peltate  sporophyUs  aiibrd  necessary  protection. 

d»  On  Ancient  and  Modem  Heeds*    By  Professor  i\  VV\  OUVSB,  D*&e 
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TUBSDAT^  SBPTJOIBBR  !«. 

The  followiog  Papers  were  read : — 

1.  On  the  Morphology  of  the  Seed  and  Seedling  of  Torreja. 
Bff  Professor  F.  W.  Olxtbh,  J),iic,  and  MiM  £dith  Cbigk* 

The  eeod  of  Tcrr^a  ia  remarkable  among  Ghfrnnosperins  ia  pnMOwing  t 
ruminated  endosperni.  T!n'>  character,  which  su|rg^tea  a  comparison  witk 
Brooffoiart's  seed  Pachptetta  of  the  i  rench  rermo^CarboDLferoutf,  led  the  auUion 
to  ft  niD  iavestigation  into  the  morphology  of  the  genua.  This  has  hecm  poanUe 
thfough  the  courteay  of  tli«<  Marqueaa  of  Huntly,  in  whose  pinetum  at  Orton 
Lonpuevillc  an  old  tree  of  Torreya  mi/nnfi'^n  reg^ularly  j)roduce8  fertile  s«^ed.  To 
his  head  gardener,  Mr.  A.  Harding,  the  authors  are  indebted  for  a  contiouooi 
supply  of  ovules  and  seeds  in  all  stages  of  derelopment. 

The  youn^  ovules  emerge  firom  the  bud  at  the  end  of  May,  and  are  at  oooa 
pollinated.  The  pollen-tubes  aro  prodiicpd  witbouf  delay,  and  by  St  ptemb^r  the 
archegonia  are  developed.  Fertilisiition  is  accomplished  during  this  month,  and 
simple  stratihed  embryos  are  formed  before  the  winter.  Next  spring  the  embryos 
oontinoe  their  deveh^ment,  the  teed  growa  enomioiialy  in  leogtli,  and  hy  the 
lecond  autumn  is  rip\ 

Whilnt  a  full  account  of  the  development  of  the  5ieed  is  postponed  till  a 
future  occasiioQ  reasons  are  gi\on  for  regarding  the  seed  ^  rotainiiifi"  m&uj  oi 
the  primitiTe  eharactera  diatinetire  of  palsoaoic  gynmoapennoiia  aeede,  and  a& 
attempt  !•  made  to  elneidate  the  •tmctore  of  the  seed  of  Twmjfa  in  tenna  cf 
theee. 

The  structure  of  the  seedling,  in  which  the  cotyledons  are  hypogeal,  ahowa 
a  near  agraeflMBt  with  that  of  Ginkgo^  and,  with  other  featDrea  of  Torret/a,  tenda 
to  ttnDgtheii  the  Imki  oonneetuig  the  Tauoe»  with  the  Cjoada  and  ]iriigutife 
Oymnoapenna. 


%  S^Jfatwreqfihe  Vcueular  System  of  iJie  Stem  in  C^Hain  DieotifMonom 

Orders,   By  W.  C.  Wobsdbll. 

The  object  of  the  present  thesis  is  to  show,  from  anatomical  data,  that  no  haid 
and  fast  line  exists  between  the  two  classes  of  dicotyledons  and  monocotyledons. 
The  hoUow  vascular  cylinder  of  the  stem  of  a  great  number  of  dicotyledonous 
orden,  if  not  of  all,  haa  been  derlTed  from  a  system  of  aoattered  bondleB  anoh  as 
is  characteristic  of  the  stem  of  almost  all  monoootyledons.  The  flowering-stem 
and  peduncle,  as  beinj?  those  parts  of  the  caulome  which  have  underpon^  least 
modification  owing  to  the  necessities  of  adaptation  to  external  conditions,  exhibit, 
a»  a  nile»  moat  eloftrly  the  primiti?e  atnictmn  which  in  the  TegetatiTe  parte  haa 
become  obscured.  The  axial  orgaoa  of  the  seedling,  owing  to  their  limited 
diameter  nnd  the  small  number  of  leaf-traces  concerned  in  the  building"  up  of  the 
vascular  system,  cannot  as  a  rule  poaaibly  exhibit  the  primitive  scattered  arrange- 
ment of  the  bundles. 

Aeihe  stem  inereaaed  in  height  and  became  more  woody,  and  the  leant 
smaller  and  more  numerous,  the  scattered  arrangement  of  bundles  m  the  stem 
(chiefly  a  result  of  the  latter  being  mainly  built  up  of  large  leaf-bases  from  which 
^eat  numbers  of  pluriseriate  bundles  entered  the  axis)  eradually  became  modified 
mto  that  of  a  hollow  cylinder,  which  was  necessary  bo1»  to  support  the  bending* 
strains  from  a  tall  stem  and  to  facilitate  t!io  continuous  centrifugal  addition  of 
new  conduct iii^'-tis-ues  by  minms  of  a  secondary  meri^teni.  The  stems  of  plants 
possessing  8cattered  bunJlcs  support  bending-straius  by  means  of  a  sub-peripheral 
aeleroticband,  vbA,  in  those  cases  where  a  aeeondary  meriatem  ia  proaenft,  inenam 
their  conducting  tissue  by  the  continuous  centnfogal  fonaataon  01  BOW  aeatterad 
bundles  accompanied  by  interfascicular  tissue. 

Aa  far  aa  the  investigation  has  gone,  the  primitive  scattered  anangement  oi 

k  
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bundlea  eta  be  tnoed  in  tlie  ttam  of  about  tlur^  dlootyledmuNiB  ordon,  and  no 

doubt  many  more  will  reveal  it. 

Other  characters  very  frequently  accompanjiog  the  above  feature  in  dicotyle- 
donous stems  are : — 

(a)  y-shaped  xylem ;  {b)  reticulate  and  circular  phloem ;  (c)  bundle  often 
conoentric,  with  oentnl  dreulir  pUoeiBy  and  when  eollatenl  often  with  irregular 

orientation ;  (d)  few,  lax^  vessels  in  i^lem  ;  («)  bundle  rounded  or  elliptic  and 
enclosed  in  sclerotic  sheath  ;  (f)  very  small  development  of  cambium  :  (g)  larpest 
bundles  occur  nearest  centre  of  stem,  the  smallest  nearest  the  periphery  j  (h)  rudi- 
mentary character  of  many  bundles,  representing  those  members  of  the  vanishinii^ 
scattered  eyfltem  which  are  not  destinea  to  form  part  of  the  functional  cylinder  ; 
(t)  limit  between  cortex  and  cylinder  marked  by  a  sclerotic  zone;  (J)  cortical 
gystom  of  bundles  which  are  often  concentric  in  structure;  (k)  trimerous  character 
of  some  or  all  of  the  tioral  whorls ;  (/)  several  orders  exhihit  .Vmerous  single 
perianth»w]iorl  in  flowexa  which,  as  CelalRkTBlc/  has  shown,  is  derived  mm 
two  ttim&tm  whoris  hj  convenion  of  lowermost  perianth^meniDer  into  a  biaet 

In  aome  monoootyledone  the  aeattered  hundlet  have  heoome  very  peripheral, 
and  eren  ndooed  to  a  single  series  or  row  of  bundles. 

In  some  cases  amongst  dicotyledons  where  the  scattered  arrangement  hag 
Tanished  from  the  stem  it  can  still  be  found  in  the  le^  modified  foliage-leaf, 
eepecially  where  the  petiole  ie  cylindrio  in  contour  or  posseeeea  a  consideraUe 
diameter. 

In  view  of  the  above  facts  the  author  cannot  agree  with  those  writers  who 
maintain  that  the  vascular  structure  of  the  seedline  stem  of  dicotyledons  generally 
proTee  it  to  be  primitiTely  tubular  in  dbaiacter.  Ixie  game  will,  for  reasons  above 
aet  forth,  apply  to  the  caee  of  monocotyledona. 

A  series  of  slides  accompanying  this  paper  illustrates  the  main  feature  of  the 
subject  in  the  stems,  &c.,  of  plants  belonging  to  many  natural  orders. 


3k  Tk»  ComposUian  of  the  Flora  of  th$  yioTtk-^ad  fifltdomd, 

£p  R.  Llotd  Pbaiobb. 

The  oonntiee  of  Down  and  Antrim  form  the  most  t  n  -terly  part  of  Ireland,  and 

the  portion  which  most  nearly  approaches  to  Scotland.  Their  combined  area  is  2,148 
square  miles,  and  their  flora  numbers  820  species  of  flowering  plants  and  vascular 
cryptogams,  Antrim  yielding  778  species,  Down  752;  the  total  flora  of  Ireland 
beiog  reckoned  at  l^OzO  species,  and  the  average  number  occurring  in  an  Irish  county, 
according  to  present  knowledge,  at  between  630  and  640.  l)own  is  formed  of 
slates  and  granites,  Antrim  maiiil\  of  l)ftsaltH,  TJmestone  is  very  sparingly  repre- 
sented, ana  while  the  number  ot  ealcifugu  plants  in  the  flora  is  large,  the  calcicole 
group  is  poorly  represented.  With  regard  to  the  tjrpes  employed  by  Watson  to 
show  distribution  in  Great  Britain,  there  is  in  the  local  flora  an  almost  complete 
representation  of  Britisli  type  plant.**.  English  type  plants  an*  rather  poorly 
represented,  and  are  more  plentiful  in  the  Antrim  tuan  in  the  Down  flora. 
Scottish  type  plants  reaeh  in  Antrim  their  maximum  for  Ireland ;  in  Down  thej 
are  somewhat  fewer.  Of  Highland  type  species  there  is  a  fair  representation  as 
compared  with  other  Irish  counties  of  similar  charnctt'r  ;  Antrim,  thout^h  of  less 
elevation,  contaios  more  alpine  j^lants  than  Down.  Germanic  plants  ai'e  extremely 
lew  in  Ireland,  being  only  thirteen  in  number;  of  these  toe  district  yidda  but 
Ibur.    In  Atlantic  type  plants  Down  and  Antrim  are  comparatiTely  rich. 

Turninp  to  the  types  of  di.stribution  which  the  render  1ms  recently  proposed 
for  the  Iriiih  flora,  we  And  the  district  is  naturally  very  poor  in  Central  type 
plants,  which  are  largely  ealoieole  and  marsh  q>ede8;  while  Mumonian  and 
Connacistt  apeoiea  are  practically  absent.  Marginal  type  platits,  on  the  other 
hand,  are  very  largely  represented,  while  of  Ulfonian  species  Antrim  is  con- 
^icuously  the  focus,  Down  being  considerably  poorer.  Lagenian  plants  are  only 
tolerably  represented,  their  focus  lying  farther  to  the  southward. 
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Aa  r^ards  rare  pUnta  in  the  flora,  Lough  Neagh  is  phytoloj^icallv  one  of  the 
most  interesting^  epots,  not  only  in  the  district,  but  in  Ireland.  Here  CalnniagrottU 
atricta  var.  Hookeri  \s  endemic;  Tulypella  nidi/Ica  (if  the  determinattoii  be 
rrirrcct)  ha-s  its  only  Rrili>h  station  ;  Cnrf  v  Ituxbauinii  has  its  only  other  BritidL 
.station  in  A U'rdeenshire  ;  whilt;  Siiiiumthes  mmnnzoffinnK  i>,  out-sidf*  the  Bann 
ba^in,  in  Europe  found  only  in  Cu.  Cork.  The  Auirim  basalt  plateau  jielda 
Savifraga  hirculwf,  Oiabonche  rubra  (in  pUmt^),  Bfuiieitm  tnuAjfodatt ;  whSiib 
the  nmet  pJaots  of  Down  «e  JBlaUne  kj^drop^  and  ZamuekeKa  fol^earpm. 


4.  TJie  Nucleus  of  the  Cyanophycea,   By  Harold  Wager. 


WEmBSDAT,  8BFTEMBER  17. 

Thfi  following  Papers  were  read  :  — 

1.  A  Diteate  of  tJie  Gooseberry^  with  N'ot^s  on  Botrytii  and  Sciarotiam* 

By  Miss  Ansie  Lorrain  Smith. 

The  disease  ;itt!irk>  the  hard  stem  of  the  bushes  above  and  below  tlif  crmuru! 
level.  The  inner  bark  is  permeated  and  completely  destroyed  by  the  mycelium 
of  a  f unguis.  The  outer  berk  CFAcks  and  splita,  end  sclerotia  are  formed' on  the 
outtide  or  half  embedded  in  the  cortex.  A  l\dyactis  type  of  Botrytit  with  small 
spores  was  found  trrowing  on  the  wood  laid  bare  by  the  peeUng-off  of  the  bari^ 
and  qIho  on  some  of  the  aclerotia. 

Culture  experiments  produced  more  Botrytis,  and  from  one  of  the  sclerotta 
there  grew  botli  the  BotrytU  and  a  I'ezizn  form  which  proved  to  be  identical  widi 
Sderotinia  fucht  liana,  a  di^iense  of  the  vine,  but  which  in  the  latter  only  attadta 
the  tender  parts  of  the  plaiit. 

Measurements  and  culture^  were  made  of  various  forms  of  Botrytut  aud  of 
Monitiaf  and  the  neults  compared.  Oompaet  clamps  of  mycelium  an  fetmed  in 
them  all,  which  vary  in  the  ditTHif-nt  species,  and  may  he  incipient  sclerotia. 

Crystals  of  oxahite  of  lime  were  formed  in  the  Botryttn  culturea«  in  one  caae 
BUfticient  to  form  u  white  deposit  at  the  base  of  the  gelatine. 


2,  Onik&  M&rphology  of  the  Flou-rr.'i  i)i  certain  tpeeies  ^LoniceFn. 
ByE,JL  NiswKLL  Abaer,  MJL,  F,GJS, 

The  genus  £o»icera,L.,  includea  some  hundred  species,  of  which  abont  seTeot3r 

belong  to  the  section  Xylosteum.  The  inflorescence  of  members  of  this  section  U 
remarkable  in  that  the  j^yncircea  of  a  two-llowered  dichasium  are  more  or  less 
completely  uuited  together,  a  character  which  Is  made  uaa  of  as  a  point  of 
ayst«natic  importance.  The  normal  occurrence  of  ^fmmiky  of  this  partienlar 
type  is  comparatively  rare,  but  it  is  also  found  among  memMn  of  certain  other 
orders,  e.g.,  llubiuce^B. 

A  study  of  the  morphology  of  the  flowers  of  species  belonging  to  the  Xylo- 
stenm  group  shows  that  the  union  of  the  gynflBcea  is  not  effected  in  the  same  way 
m  all  6pecie<«.  A  series  of  intermediate  Stages  can  also  be  lonnd  ?tading  op  to 
such  marked  types  as  Lnnlccrn  cn  rvlra,  L. 

In  L.  xulosteum,  h.,  and  L.  aipigena^  L.,  the  two  inferior  ovaries  are  united  in 
one  plane  by  the  union  of  their  reeeptaintlar  vattt.  This  union  is  vei^  complete 
in  the  latter  species,  and  probably  represents  llie  perfection  of  this  type  of 
adaptation. 

Intermediate  stages  may  be  found  in  L.  nigraf  L.,  and  other  species,  in 
whidi  the  same  resolt^he  coalescence  of  the  two  fruits— is  attained  in  ano^er 
way«  Here  the  gynoecea  are  for  the  most  part  free  from  one  another,  but 
surrounded  by  an  outer  parenchymatous  tissue,  arising  from  the  bas^  This  tisBae 


Digitized  by  Google 


TRANSACTIONS  OF  SECTION  K, 


817 


h  more  kighly  developed  in  some  species  than  in  others.  Jii  L.  ca  rulca,  L.,  and 
L.  ibei'ica^  Bieb.i  tUe  two  gyncEcea  are  completely  inclosed,  and  united  with  thia 
outer  iissue  imjertun  planes.  TUe  morpliologj  of  this  tissue  is  shown  by  the 
Intermediate  stages  to  oe  the  result  of  the  fittion  qf  the  braeteoin  of  the  two 
flowers. 

The  biological  sigyiijicance  of  the  coalescence  of  the  two  ovaries  of  the 
cyme  is  probably  to  be  sought  in  the  fruit,  where  the  union  is  U8uall;jr  more 
complete  and  marked  than  in  the  flowers,  and  gives  rise  in  several  species  to  a 
fali*^  l>errt/.  This  would  so^u  to  be  an  adaptatioit  in  faronr  of  increa«-<I  seed 
disperMif  in  that  the  seeds  ot  two  flowers,  iucloaedin  what  iiuperticially  a  siuglu 
beny»  are  eaten  by  birds  at  one  time. 


3.  Sotne  Inqttirif  into  tim  Physics  of  thf^  Floir  of  Flnidft  in  Planl  SUmt* 
By  Professor  R.  J.  Anderson',  M.D.^  F.L.IS. 

It  18  evident  that  the  actual  area  of  the  canalicular  system  may  vary  from 
place  to  place,  and  area  is  a  very  important  fact  to  take  into  consideration.  The 
nature  of  the  fluid  ia  of  great  importance,  for  a  fluid  which  is  nutrient  and  natural 
is  o])erated  on  by  the  tissues,  and  whilst  its  adhe^^ive  properties  are  considerably 
modified  by  the  vitiilit}'  of  the  tissues  its  physical  eliamcters  are  likely  to  be 
^hanfjfd  from  end  to  end  of  tlie  stem.  Osmoses,  too,  which  are  ever  constant,  may 
change  the  flow  in  time.  5So  a]^o  may  the  elasticity  of  the  wood  alter,  and  the 
resilience,  extensibility,  porosity,  and  amount  of  giises  ooutained  may  all  ehange. 
The  formation  of  cork  very  sooo  affects  the  living  exposed  tisenO}  and  the  tissue  is 
rendered  impermeable. 

The  liigber  temperatures  are  more  favourable  to  the  flow  than  the  lower.  In 
living  tissues  the  ebb  and  flow  assodated  with  chemical  interchange  is  very  apt  to 
complicate  Cfl8e^<,  and  what  may  ap])ear  a  vital  phenomenon  may  be  a  phyaico-vitsl 
or  a  purely  physical  one.  The  effect  of  'the  organic'  in  tissues  not  necessarily 
living  6eem8  to  be  a  very  important  question.  The  '  organisation  '  leads  to  phy- 
sical aberrations  which,  although  not  unknownif  are  rarely  met  with  in  so  striking 
a  manner  in  oi^anic  substances.  One  may  place  in  this  category  the  absorption  of 
fluids  and  rise  of  temperature  in  some  organic  subset  a  noes,  nnd  \hv  restoration  to 
the  itatm  f/uo  on  drying.  Examples  of  physical  movements  and  phenomena  might 
Im  multiplied,  but  they  are  well  enough  known. 

Stems  of  plants  were  ttcperimented  upon  by  various  fluids  of  various  degrees  of 
concentration.  The  force  was  secured  oy  a  waterhead  which  acted  directly  or 
indirectly  on  the  stems  in  question.  The  principal  heights  chosen  were  0  feet» 
4  feety  8  feet  4  inches,  and  1  foot  10  inches.  The  fluids  used  were  water 
from  the  house  main,  distilled  water,  acidulated  water,  and  wafer  with  various  sub- 
stances in  solution.  The  solutions  were  sometimes  very  stronpr  and  at  other  times 
moderately  weak.  It  may  be  well  to  note  how  far  iu  these  cases  the  results  bore 
out  Poisseuille's  laws.^ 

(1)  The  greater  the  force  the  greater  the  flow.  This  seemed  to  hold  generally, 
Imt  with  flome  odd  aberrations  not  easily  explidned. 

(3)  The  thicker  the  stem  the  greater  (by  far)  the  amount  of  fluid  passed 
through. 

(8)  The  longer  the  stem  the  greater  the  resistance. 

(4)  The  higher  the  temperature  the  greater  the  flow,  witli  some  modiflcations 
and  limits. 

The  first  and  most  striking  ftct  in  cooneetion  with  the  experimentfl  was  the 
comparative  ease  with  which  almost  all  the  fluids  used  passed  through  the  stems 

with  some  few  exceptions. 

(2)  The  flow  at  night  was  generally  lower  than  the  preceding  day,  estimating 
the  noun,  and  somewhat  lower  than  a  few  of  the  midday  hours  of  the  succeeding 

'  A  waterhead  of  17  leet  and  23  feet  as  well  as  higher  pressures  were  tested. 
1902.  3  G 
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d&Y  (to  the  night).  Whea  the  night  was  manifeatl/  cold  the  flow  teemed  to  be 

atlected  thereby. 

(3)  The  flow  in  all  eeaet  did  not  leaeh  its  nuudminn  at  once,  bnt  the  mAxiinnm 
once  reached  the  flow  gradually  began  to  diminish,  and  hour  hfhsmvr&s  often 
Been  to  dimini.sh  ;  but  takin«j^  two,  three,  or  four  hour.^  the  change  was  moet  ""iriPMi. 
So  that  after  a  few  days  the  flow  materially  diminished  in  all  casea. 

(4)  The  flow  experienced  alight  neriods  of  inereeee  tad  deeneae.  Thus  after 
eetimatin?  the  flow  from  6  p.x.  to  0  A.X.  end  redodng  to  tin  hooTi  the  Bow  fkom 
11  to  1  o'clocli  \v:i>  f  Minrl  pi-'-'it-  r  per  hour. 

(5)  The  iiow  having  diiumished  considerably,  it  was  found  possible  to  restore  in 
a  measure  the  permeability  of  the  stem  by  cutting  ^  inch  or  ^  inch  from  the  upper 
end. 

(())  The  perm«'.'t})ility  nlthon^h  restored  was  not  found  to  be  ae  pennene&t  et 
the  first.    The  tiow  in  most  casern  quickly  diminisluHl. 

(7)  After  a  series  of  amputations  with  the  object  of  restoring  tlie  tiow,  the 
stem  refused  in  sererel  eases  to  transmit  the  fluids. 

(S)  The  stt'in?  were  wfiirli''<i  Ix'fore  and  after  the  exporimonts  In  e  fow  fiite- 
The  wt'i!?ht  after  waa  efjuiil  to  th<^  weight  }>»^fnre  the  experitn»'nts. 

(U)  The  change  from  a  weuii  acid  to  a  weak  aliialine  solution  was  not  foHowed 
by  en  inereese  in  the  flow.  It  was  noticed  that  e  week  elkaUne  fluid  did  not 
appear  as  weak  alkaline  for  a  coosiderahle  time,  end  bo  fiur  ee  en  eddwee  eon* 
oemed  the  name  result  followed. 

(10)  An  increase  in  the  specific  gravity  was  followed  in  one  case  by  an  increase 
in  toe  flow. 

(11)  The  use  of  small  stems  Wee  not  attended  with  tetubctoty  reenlte,  ee 
wee  the  ezemination  of  larger  stems. 


4.  The  /Wfielfoit  qfth»  yuehokm,  Bff  Habold  Wagbb, 


5,  Samau,  a  Fermented  Drink  of  Eaxh-ni  Asiuy  and  its  C/iaracleristic 

Fntujus.    Bif  B.  T.  P.  Barkeu. 

Sainsu  i»  a  variety  of  arrack.  It  is  obtained  by  the  distillation  of  a  fermented 
liauor  prepared  from  rice.  Rice  is  boiled  in  water  and,  after  cooling,  a  powdered 
substance  is  added  to  the  mixture.  This  substance  causes  fermentetiOD,  at  the 
end  of  which  the  liquid  is  distilled.  The  distillate  i^;  subjected  to  n  second  and 
third  distillation,  the  final  product  constituting  the  true  £Samsu  and  containing  a 
highpercentage  of  alcohol. 

lie  powdered  snbetence  can  be  obtained  in  the  form  of  small  ronnd  greyish 
eskes.  One  of  these  was  obtained  by  Mr.  D.  T.  G  wynne-Vaughan  at  Singgora 
during  the  8keat  Expedition  to  the  Malay  Peninsula.  The  author  is  much 
indebted  to  him  and  to  Mr.  li.  11.  Yapp  for  the  supply  and  for  information  con- 
cerning the  manufacture  of  the  spirit. 

The  composition  of  the  cake  is  a  trade  .secret,  but  there  ere  apparently  eereiel 
ingredients,  of  whirli  pepper  and  fruit  of  some  kind  form  a  part.  On  adding  a 
portion  to  boiled  sterilised  rice  a  fungoid  growth  soon  appears,  and  a  red  cx 
purple  coloration  is  prodooed.  This  is  dne  to  a  epeciee  of  Mom&cm.  A  beeteriam 
capable  of  fermenting  gluoose  bes  also  been  isolated. 

The  biological  processes  concerned  in  the  manufacture  of  the  .spirit  are  the 
conversion  of  the  starch  of  the  rice  into  fermentable  sugars  by  fungi,  in  particular 
by  a  species  of  Mumatcusy  and  the  eleoholic  ftnnentatum  w  thMe  sugars  by  a 
bacterium,  and  possibly  also  bf  wild  yeasts.  Ibe  epecies  of  Monasem  &  of 
especial  interest.  Hitherto  the  genus  has  been  placed  in  the  Hemiaj«ci  on  account 
of  a  supposed  formation  of  spores  in  a  sporangium,  surrounded  by  an  investment 
of  hyph».  It  i^  however,  a  tme  Aecomycete.  The  flructiflcetion  is  formed  from 
en  eixdiioeipi  coasilting  of  an  antheridium  and  ascogonium,  between  which  fusion 
tekes  piece.  IVom  the  latter  a 'oentreleeU'ie  cat  ofi*,  which  ewellsooiieidBnb^y 
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lieeoiiieB  Invested  by  hyphs,  and  produces  ascogcnous  hypbrc.  Owing  to  the 
nature  of  the  developinp-  Rscocarp,  the  much-enlarped  central  cell  assumes  a  sliape 
80  that  it  completei?  surrounds  the  ascogenous  hyphse,  which  soon  produce  small 
splietieal  eight-spored  aad.  The  spores  quickly  ripen ,  and  an  set  free  in  tluB  eavitji 
formed  by  tne  curiously  shaped  central  cell,  by  the  degeneration  of  the  aael  and 
ascogenous  branches.    Thus  a  Ppornngiinn-like  frurtifi cation  is  produced. 

Mooascus  must  hence  be  regarded  as  one  of  the  simplest  sexual  Ascomycetes» 
A  fuller  aooonnt  of  the  speciesi  with  figures,  will  be  pabliahod  later. 


6.  The  J)dmd  Seed-Jwigua^  By  £.  M.  I'bbbmah. 


7t  S4x  in  Cefhn  Species  ofDiotpyroB*   By  Hbrbbst  WuGHt. 

The  genus  Diospyrosj  throughout  the  world,  &ud  particularly  the  species  found 
in  Ceylon,  have  hitnerto  been  regarded  as  maii^y  dioeeioiie. 

In  Ceylon  there  are  twenty  species  of  this  genus,  and  by  an  examination  of 
fresh  material  in  the  forest  the  following  sex  relationships  hare  been  deteriUined 

1.  Dt<rr;ou.<  <y,ih/.-  Here  the  male  and  fomale  fioWera  sre  On  difierent  treei; 

Examples,  D.  qiKtsitn,  Tinv. 

'2.  Monoecious  only. — The  female  llowerd  are  in  the  axil  of  young  leaves  onlv> 
or  tenaioBte  the  young  shoot ;  the  male  flowers  form  sessile  dusters  on  w^oar 
twigs  or  in  the  asils  of  old  leavei.  ETampleiii  2>.  aeuta,  Thw.  |  J),  ppporittfoUa-f 
Thw. 

3.  Diwcious  ami  polygamous. — In  this  sroup  there  are :  (a)  true  male  treeS) 
(6)  true  female  trees,  (c)  trees  with  male  and  hermrahvodite  flowen.  Examples, 
X).  gardneri,  Thw. ;  JD.  ajffints,  Thw. ;  D.  aylvatica^  lloxb. ;  D.  etnhryopteris,  I'ers* 

4.  DiaxioiMj  Monacciows,  and  Polyyamons. — In  this,  the  most  complicated  groupi 
there  are  (a)  true  male  trees,  {p)  true  female  trees,  (c)  trees  possessing  true  male  and 
fomalo  flowers  on  the  same  twig,  {d)  trees  possessing  nule  and  jiermapliiodite 
floirers.  Ezamples^  D.  kirmta,  L. ;  D»  tkwaUmi,  Bead,  i  2>.  ebtmm,  Eoen. 

Oontinned  obeerrations  on  the  flowers,  outside  the  herbarium,  will  probAbly 
nreal  moio  departiires  from  the  dicsdous  condition,  prerioudy  eonddered  tfao 
nonnsl. 


8.  Weisia  rostellata,  Lindb.,  in  Ireland.    By  J.  H,  Davib^ 

* 

Since  the  AssociatioTi  List  mft  in  Belfast  the  Irish  H.-^t  of  mosses  has  been  en- 
riched  by  the  addition  of  several  species.  Two  of  .them,  Cinclidotu  f  riparius  and 
Ditrichum  vaginam,  were  mentioned  as  being  new  to  the  British  moss- flora. 
Weiaia  rogtellata,  not  preTiously  known  to  occur  in  Ireland,  has  been  detected 
veiy  recently  in  Co.  Antrim.  The  findinr,'  of  this  and  other  unexpected  plants 
in  the  north  of  Ireland  leads  us  to  hope  that  further  investigation  may  reveal  yet 
other  rarities. 


*  9.  Tw&  VmrUUee  qf  TriloUnm  pntenfe  peientie.  By  W.  Wiuok. 


do2 

Digitized  by  Google 


820 


BSPORT— 1903i 


Section  L.— EDUCATIONAL  SCIENCE. 

VsaasaEat  o»  the  Section ~^Profff:.<or  IIekbt  E.  AsxsiBOve, 

hUD,,  PlkD.,  V.P.B.S. 


THURSDAY,  8BPTBMBSR  11. 

The  PrtsiJent  delivered  tbo  following  Addre&s ; — 

I  Air  pure  all  will  h*^  in  fi^eement  with  me  when,  at  the  very  cnmraeucetuent  of 
ms  Address,  I  refer  to  the  grievous  loss  we  have  sufTered  through  the  death  of 
Mr.  GriAtli.  Many  of  na  ooald  eoant  him  as  our  good  firisod,  and  ara  awaro 
that  ho  displayed  a  fulness  of  sympathy  altogether  rare  among  ofHcials  towards 
nil  members  of  the  Aysociation.  The  value  of  the  service  he  rendered  to  the 
AssociatioD,  on  account  of  the  breadth  and  accuracy  of  the  stores  of  knowledge 
at  hia  disposal,  althon^li  widely  felt  aod  recognised,  waa  eo  Tailed  bj  hla  modeatj 
of  manner  and  the  quiet  regularity  with  which  he  did  his  work  ihat  only  tbia 
few  who  came  intimatelv  into  contact  with  him  can  rate  his  doings  at  their 
proper  worth.  The  smootfinese  with  which  the  proceedings  of  the  Association 
were  carried  on  from  yemr  to  year,  notwithstanding  the  great  yariety  of  intareata 
represented  in  it,  waa  in  no  small  measure  due  to  hia  diplomacy.  I  have  had 
speoial  opportunitie'?  of  apprerifitintr  his  extraordinary  versatility,  as  it  has  l>een 
my  good  lortuue  during  recent  year^  to  come  much  into  contact  with  him  in 
connection  with  the  Royal  Society's  Oatalotfua  of  Scienttfie  Papers — a  work  to 
which  ha  unsparingly  devoted  himself,  renderin^^  thereby  important  service  to 
science.  To  no  Section  of  this  Association  can  hia  death  be  a  greater  loss  llian  it 
is  to  ours.  The  foundation  of  the  Section  was  in  large  measure  due  to  his 
sympathetic  encouragement  and  support,  and  he  looked  forward  to  the  time  when 
it  wuuld  he  one  of  the  most  important  and  popular  in  the  Association.  He  thought 
of  it,  1  know,  as  the  one  which  wa**  likely  to  bring  about  a  fuller  understanding 
of  the  value  of  science  to  the  comraunity,  and  eventually  to  knit  a  close  relation- 
ship between  the  scientific  fraternity  and  the  general  public.  The  withdrawal  of 
his  counsel  has  been  to  me  an  irreparable  loss,  and  in  judging  of  mr  shortcomings 
I  trust  you  will  bear  in  mind  that  at  the  critical  moment  1  have  MOi  nnaUe  to 
appeal  to  his  balanced  judgment  for  ad?ice. 

The  last  meeting  of  the  British  AssoeSation  at  Belfast  was  nresided  oyer  hy 

Professor  Tyndall,  one  of  whose  most  memorable  disconrsea  was  that  delivered  at 
Liverpool  in  1870  on  '  The  iScientitic  T'.'^e  of  the  Imagination.'  In  the  course  of 
his  Address  the  i'resident  could  point  out  that  *  science  had  already  to  some 
extent  leavened  the  world':  abandaat  proof  has  linea  heen  given  that  he 
waa  right  in  claiming:  that  'it  will  leaven  it  more  and  more.*  Nevertheless, 
if  we  con.'?ider  the  leaveuiiifr  effect  which  science  has  had  on  the  public  mind, 
it  is  impossible  to  deny  that  progress  is  beinr  made  in  this  direction  at  a  woefully 
slow  nCta,  In  no  way  proportiooato  to  the  ipowth  of  ioiowledga  or  to  tlie 
recognised  usefulness  oi  tne  many  discoveries  whieb  ara  the  outcome  of  scientific 
investigatioo.  Science  is  still  treated  by  society  aa  a  rich  jMTStim  all  tha  world 
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oveTi  and  is  At  moft  invited  to  it«  fieaAts  but  not  incorporated,  as  U  ahouU  bo, 
with  the  domestic  life  of  the  people. 

Complaint  has  long  been  rife  that  the  British  are  indifferent  as  a  people 
even  to  things  of  manife<9t  importance  which  as  a  nation  of  bubinestt  wen 
tbef  might  m  expected  to  Talue.  It  would  certainly  seem  that  we  are  all 
too  forp-ftful  of  TyndaH's  warninp  tliat  '  evert*  system  whieh  wotilrl  fsrfipe  tho 
fate  of  an  orgunisin  ton  i-ifjid  to  adjust  itself  to  its  environiuent,  must  bo  jiIfAt-tic 
to  the  extent  that  the  growth  of  knowledge  demands.'  As  our  IVe^ideut  faid  a 
full  quarter  of  a  century  ago, '  when  this  truth  has  b4>en  thoroughly  taken  in, 
rigidity  will  be  relaxed,  thinfrs  not  deomed  esseotijil  will  dropped  and  elementa 
now  rejected  will  he  assimilate*!.  Thi^  liftinf?  of  the  life  is  the  essential  point, 
aini  as  long  as  dogmatii^m,  fanaticism  and  intolerance  are  kept  out,  various  modes 
of  Isverage  may  M  employed  to  raise  life  to  a  higher  le?el.' 

But  bow  are  we  to  oecome  plastic  to  the  extent  that  the  growth  of  knowledge 
demands,  in  order  titnt  rigidity  may  be  relaxed,  that  conservatism  may  give  way 
to  a  wise  spirit  of  advance  P  Probably  there  is  no  more  important  question  the 
natioD-  can  ask  at  the  preseDt  time :  for  that  we  are  wanting  in  plasticity  is 
proved  to  demonstnition.  Does  not  the  shade  of  our  former  Resident  stand 
before  us  and  solemnly  give  answer:  '  By  the  cultivation  and  exercise  of  imfttrina- 
tive  power — by  the  scientidc  use  of  the  imagination ' ;  for  in  these  days  are  we 
not  Indeed  a  people  '  of  little  tkitb '  P  There  would  seem,  in  ftet,  to  fae  dear 
evideneey  if  not  oi  destruction,  at  least  of  impairment,  of  imaginative  power  under 
modem  conditions— that  the  tendency  of  education  is  to  kill  rather  than  to 
develop  the  very  power  on  which  the  progress  of  the  world  depends.  A  dearth 
of  imaginative  power  is  strikingly  apparent  in  art,  in  literature,  in  music,  in 
idenoe,  in  public  taste  generally,  the  prevailing  tendency  being  to  imitate  rather 
than  to  oritrinate  and  individualise.  Commentators  and  critics  nf  sorts  abound, 
but  these  rarely  display  any  catholicity  of  judgment.  Leaders  are  few  and  far  to 
seek.  The  prevailing  policy  is  that  of  the  party  in  power — and  more  often  than 
not  of  a  caucus  behind  it — not  the  policy  which  on  broad  general  grounds  is  the 
mn^\  desirable  ;  in  fact,  little  attempt  is  made  to  discover  in  any  scientitic  manner 
what  would  b*'  the  really  wise  policy  to  pursue.  Nothing  could  illustrate  this 
better  than  the  state  of  chaos  into  which  afiairs  educational  are  plunged  at  the 
present  time.  Those  who  dare  to  differ  or  oBm  advice  are  looked  at  askance  and 
always  with  jt-alou-;  eyes;  too  often  also  everything  is  done  to  block  the  way  of 
the  reformer,  not  from  any  base  motive  but  as  a  rule  from  sheer  inability  to 
appreciate  what  is  proposed — from  sheer  lack  of  ixuagmaiive  power.  Necessarily, 
as  the  conditions  of  dvilisation  become  more  complex,  the  tendsney  to  accept  and 
follow  must  become  greater,  self- satisfaction  more  and  more  complete  and 
general :  unless  etifective  means  be  taken  to  counteract  such  a  tendency,  decay 
is  inevitable. 

The  phrase  'creatures  of  habit'  is  familiar  to  us  sll :  few  will  deny  that  we 

are  seldom  otherwise  than  creatures  of  habit, that  plasticity  of  mind  is  a  rare  attri- 
bute. But  the  growth  of  knowledge  is  taking  place  at  such  a  compound  interest 
rate  that  a  high  degree  of  plasticity  is  essential  if  we  are  to  avail  ourselves  thereof. 
We  wers  formerly  aeoonnted  a  nation  of  shopkeepers— of  clever  diopkeepers — ^bot 
now  the  title  is  passing  from  us  to  the  Qermans  and  Americana,  because  they  are 
more  alive  than  we  are  to  the  fact  that  in  these  day?*  it  is  necessary  both  to 
organise  and  to  be  alive  to  e\  ery  opportunity.  If  we  would  put  money  in  our 
purse  in  future,  it  will  he  necessary  to  put  imagination  into  our  afihirs,  so  that  we 
may  be  far  more  ready  to  act  than  we  have  been  of  late  years. 

And  not  only  is  knowledge  increasing  but  our  responsibillf ies  are  daily 
becoming  heavier  and  heavier.  In  the  mmds  of  thinking  men  at  the  present  time 
the  burden  of  empire  our  nation  bears  is  of  appalling  magnitude :  the  men  who 
bave  imaginative  power  are  aghast  at  the  flippant  unconsciousness  of  rssponsilrility 
manifest  in  the  public  at  large  and  even  in  the  majority  of  our  stntt  smeii  and 
politicians.  It  is  widely  felt  that  a  deeper  sense  of  responsibility  must  be  iudured 
among  us,  if  we  are  to  maintain  our  heritage  intact — if  we  are  to  remain  worthy 
to  play  the  great  part  tot  whieh  1^  an  inscrutable  oidiniiife  we  4od  ouipdvei 
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CMSt  at  the  very  commenceoieDt  of  a  new  ceDtury.  Nothing  is  so  sure  uiui'd 
wo  cannot  show  onnelTM  to  be  'worthy  we  sheU  not  lon^  be  allowed  to  pkr  ;k 
pert:  jealousy  confronts  us  on  all  eidee;  and      have  learnt  that  tlw  Mnpftfti 

existence  is  Nature's  Hrst  law,  against  which  philanthropy  is  powfrl<»ss  5oI:it^t 
it  be  not  univj^riial-  n  (  intineency  wliich  js  not  even  remotely  possible.  It  L-  bt^ 
ghort  of  remarkable  that  we  should  be  able  to  go  so  far  as  we  do  m  securing  im 
services  of  able  men  to  conduct  our  affiuie  generally ;  bot  we  eaoBOt  b  m 
mindfbl  of  the  duty  incumbent  upon  us  of  developing  the  store  of  ability  Istsitk 
the  nation  and  above  all  of  maintaining  intact  our  heritag-e  of  individuality. 

The  call  to  organise  the  forces  of  our  empire  is  imperative  bur  we  do  m:  hiti, 
it  in  any  proper  manner.  For  many  years  pai>l  we  have  rarely  refused  to  tmt 
with  utmost  consideration  the  representations  of  thoee  who  JiaTO  dwelt  eatlt 
importance  of  our  Navy.  One  of  the  most  highly  respected  men  in  thseonlij 
at  the  present  day  is  our  gifted  American  cousin,  Captain  Mahan,  on  sccoust  :t 
the  way  in  which  he  has  exercised  his  powers  of  imaginative  insight  and  taagiu 
us  to  understand  our  achievements  at  sea,  to  appreciate  the  true  meaning  sad 
value  of  sea  power.  We  need  a  Bfahan  to  diicuse  the  laiiger  iaaues  of  noioMl 
defiwoe  thvough  education,  to  teach  the  nation  the  true  mtMining  and  lahi  d 
education.  The  Ship  of  State  is  of  vastly  greater  consequence  than  the  mm 
Tsavy:  yet  those  wlio  direct  attention  to  the  insufficient  character  of  it*  eimi- 
ment  are  scarce  listened  to;  not  the  slightest  effort  is  made  to  secure  lor  it  i 
scientiticallY  adjusted  and  organically  complete  machinery  for  the  efieciive  sdmaif* 
tiation  and  working  of  all  its  departments ;  the  drill  of  ita  cnv  la  wmidlf 
incomplete ;  what  is  worse,  there  is  a  terrible  absence  of  organiaation  uid  discipliiv, 
a  terrible  absence  of  willinfriiess,  little  if  any  desire  to  co-operate  among-  those  wbo 
are  charged  with  its  care ;  and  the  consequences  of  neglec  t  are  not  immedisleiT 
obvious.  In  war  we  appreciate  the  effects  suddenly :  a  luu^  li^t  of  killed  sa^ 
wounded  brings  its  meaning  home  to  us  at  once ;  we  know  that  we  laait  pqr 
the  penalty  of  defeat  forthwith ;  the  indemnity  exacted  can  he  expressed  u  i 
lump  snm.  The  bnttb' of  life  is  wap^Hl  in  a  less  obtrusive  way,  the  kilkd  tad 
maimed  are  not  eoheduled  in  any  regular  manner.aud  so  it  escapes  our  notic^etbtt 
in  reality  the  carnage  is  awful,  that  few  if  any  escape  without  severe  wouude,tiiit 
defeat  ia  constant  and  yet  often  dealt  so  olently  and  im^rceptibly  that  it  eniia 
little  comment.  Bat  we  know  that  Tsstly  more  than  is  done  might  bedoiwtD 
allovifttf  if  not  to  prevent  t»ufrerin<r  and  even  to  jrive  clmnii  to  life  ivhere  u 
present  there  is  but  pain,  if  onl^'  our  ellbrta  could  be  organised.  It  we  redrtton 
the  bareness  of  the  life  lived  by  the  majority,  on  the  debti^ng  conditions  under 
which  Tery  many  are  plicedi  on  the  terrible  evils  consequent  on  indnlgcaes  ie 
drink — surely  we  must  agree  with  Tyndall  that  the  essential  point  iatoraixlifr 
to  a  higher  level,  to  elevate  the  p^eneral  tone  of  thought,  and  that  it  i«s  our  dutr  ^'* 
consider  more  seriously  than  we  have  done  hitherto  what  use  can  be  madeottk 
forces  at  our  disposal  for  the  purpose. 

If  we  will  hut  picture  to  ouiSMTes  bow  mott  of  our  diffienlde^  and  espedallr  oar 
slow  advance  are  conwquences  of  lack  of  imaginative  power,  or  peri&^ps  rather  of 
failure  to  exert  the  power  which,  though  latent  in  mof*t  of  u«.  ijj  not  sufficiently 
called  into  being  by  practice;  if  we  will  but  consider  how  much  of  our  su«*« 
has  been  due  to  the  exercise  of  imaginative  power :  we  may  be  Jed  to  propouuii  & 
fruitful  theory  of  educatioui  a  theoretical  baeie  on  wbi»  a  sound  educrtifil 
•tittCture  may  be  reared.  It  has  been  well  said  by  Carlyle  *  that  all  that  oai 
does  and  bring?  to  pnss  is  the  vesture  of  a  thought.'  In  fact,  tho  illnstratioBi 
which  may  be  given  of  tiie  value  of  theoretical  conceptions,  of  imaginative  powt*, 
are  innumerable.  Taking  recent  events,  if  we  consider  the  success  acliieved  bj  tb 
late  Mr.  Rhodes,  the  narxow-eighted  will  say  he  was  a  prsetioal  man :  a  asa  afts 
did  things  and  led  Others  to  do.  Tho.^'e  with  broader  yiews  reoQgnise  tbattt 

hojirt  Mr.  Ivhodes  was  a  theorist,  an  idealist,  a  man  of  imagination — hencf  t'* 
fctuct  ess.  And  men  such  a>j  Lord  Roberts  and  Lord  Kitchener,  who-^?  imairtv^ 
services  to  the  nation  have  beeu  m  universally  admitted  of  late,  are  uut  ueiei; 
practical  soldiers  of  experience  but  men  gifted  ^th  powers  of  insight  ari 
unagination--inen  aUe  to  vpfij  tfaeoiy  to  pnctice.  Seine  of  thoae  ino  wm 
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nutucoeaafiil  in  the  late  campaign  are  currently  reported  to  have  gone  out  to 
kiutb  AfiicA  openly  deriding  science:  it  will  be  well  if  the  lesson  taught  by 
heir  &iluvB  be  not  disregeided  1^  their  coUeagnes.  The  importance  of  the  part 
tlayecl  by  theory  in  scienco  cannot  be  exaggerated.  We  have  only  to  thinK  of 
he  influence  exercised  by  the  Newtonian  theory  of  Gravitation,  by  the  Daltonian 
heory  of  Atoms,  by  Faraday  's  conception  of  Lines  of  Force,  bj  the  Wave  theory  in 
ts  varied  applications,  by  the  Darwinian  theory  of  Evolution ;  we  have  only  to 
hink  of  the  way  in  which  the  lefleetioos  of  one  weak  man  indited  at  his  study- 
able  in  a  secluded  Kentish  village  have  changed  the  tone  of  thought  of  the 
•ivilised  world.  Such  theories  are  the  very  foundations  of  science  :  whilst  facts 
ire  the  building  stones,  theories  furnish  the  design,  and  it  is  the  interpretation  of 
acts  in  the  li^t  of  theory — the  considered  application  of  theor^r  to  practice^ 
hat  constitotd  true  seienoe.  The  marrdlous  dWelopment  of  scientific  activity 
luring  the  past  century  has  been  consequent  on  the  establishment  of  fruitful 
heories.  If  tcaclicrs  generally  would  jmy  more  attetition  to  theory,  their  teaching 
vould  doubtiesjj  bo  more  fruitful  of  results :  facts  they  know  in  plenty  but  they 
ack  training  in  the  conudered  use  of  facts.  False  prophets  among  us  have  long 
flight  the  narrow  doctrine  that  practice  is  superior  to  theory,  and  we  pretend  to 
)elieve  in  it.  That  the  belit^f  is  founded  on  misconception  may  safely  be  contended, 
iowever :  the  two  go  together  and  are  inseparable.  It  is  true  that  we  have 
enjoyed  the  reputation  of  being  a  practical  people,  and  have  been  accustomed  to 
ake  no  little  pride  in  the  circumstances,  to  scoff  somewhat  at  theory:  but 
lehind  our  practice  in  the  past  there  was  a  large  measure  of  imaginative  power, 
)f  theoretical  insight;  in  fact,  we  were  successful  because  we  were  innately 
possessed  of  considnrahlo  power  of  overseeinp;'  difficulties,  of  frrasping  an  issue,  of 
)nishing  aside  unessential  details  and  going  straight  to  the  point :  in  other  words, 
>f  being  practical.  We  are  ceasing  to  be  practical  because  modem  practice  is 
Msed  on  a  laqrer  measure  of  theory  and  our  schools  are  paying  no  proper 
ittention  to  the  development  of  imaginative  power  or  to  giving  training  in  the 
ise  of  theory  as  the  interpreter  of  facts:  didactic  and  df<gmatic  teaching  are  prO" 
lucing  the  result  which  infallibly  foll')\vs  in  their  wake  :  sterility  of  intellect. 

Mr.  Francis  Darwin,  in  his  lieminiscences  of  his  father,  tells  us  that  '  he  often 
aid  that  no  one  could  be  a  (pod  observer  unless  he  was  an  active  tbeoriser.'  And 
le  goes  on  to  say :  '  This  brings  me  back  to  what  I  said  about  bis  instinct  for 
irresting  exceptions:  it  was  as  tlioiigh  he  were  charged  with  tlieorising  power  ready 
o  flow  into  any  channel  on  the  slightest  disturljance,  so  that  no  fact,  however 
>mall,  could  avoid  releasing  a  stream  of  theory,  and  thus  the  fact  became  mat/nified 
nto  tniperfaiiee.  In  this  way  it  naturally  happened  that  many  untenable  tibeories 
»ccurred  to  him;  but  fortunately  his  richness  of  imagination  was  equalled  by  hia 
)ower  of  judging  and  condensing  the  thoughts  that  occurred  to  him.  lie  was 
uet  to  his  theories  and  did  not  condemn  them  unheard  ;  and  so  it  happened  that 
le  was  willing  to  test  what  would  seem  to  most  people  not  at  all  worth  testing.' 

In  his  Autobiography  Darwin  remarks:'— 'I  have  steadily  endeavoured  to 
ceep  my  mind  free  so  as  to  give  up  any  hypothesis,  however  much  beloved  (and  I 
•annot  retut  forming  one  on  every  sj/hjerf),  as  soon  as  £Eu:t8  aie  shown  to  be  opposed 
o  it.*    The  italics  in  these  passages  are  mine. 

Our  system  of  education  has  no  proper  theoretical  basis.  lOducators  have 
Msed  to  be  practical  because  they  have  failed  to  keep  pace  with  the  march  of 
liscovery,  the  theoretical  basis  underlying  their  profession  having  been  eolai^ed 
o  rapidly  and  to  such  an  extent  that  it  is  beyond  tlieir  power  to  grasp  its 
}roblems.  The  prie.sthood  of  the  craft  are,  in  fact,  po>M'.N>ed  by  the  spirit  of 
larrow  parochialism :  they  are  upholders  of  an  all  too  rigid  creed,  being  Lineal 
lescendants  of  a  privileged  class — '  the  Imowledge  caste/  to  use  Tluring'e  expres- 
inn — who.^e  function?  were  far  more  limited  tluui  are  those  which  muit  now  be 
iij^harged  by  teachers  if  teaching  is  to  lie  given  which  will  serve  as  an  efficient 
)reparation  for  life  under  modern  conditions.  Tliey  enlarge  ad  nani^fam  on  the 
luperiority  of  literary  and  especiallv  of  cla.«^sical  training,  forgetting  tliat  their 
^reference  for  classKS  is  but  the  survival  of  a  practice  and  that  their  arguments  in 
(efboce  of  a  liteniy  sjirstem  are  but  pveeonoeiTed  o^oim*  Being  inca^Ue  of 
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ftppieekling  the  fti]|faiiieiits  used  on  the  other  side,  it  is  unlikely  tfatt  they  wiD 

ever  be  able  to  admit  their  force. 

So  long  as  tlie  forces  of  Nature  were  not  tamed  to  the  service  of  man,  they 
could  be  neglected ;  aanitAry  sins  were  alone  found  out  and  punished  with 
unsparing  severity.  Bat  now  it  is  otherwise.  To  sneoeed  in  competition  wHh 
othera  we  must  be  able  to  avail  ourselves  of  every  opportunity ;  and  wide  iinder> 
standing  is  demanded  of  up.  Moreover  the  growth  of  knowledpe  haa  induced 
revere  mental  buufer ;  the  leeling  that  the  dainty  disheii  provided  by  Nature 
shoidd  he  in  no  seldsh  manner  restricted  to  the  few  is  a  growing  one ;  altruism  is 
a  growing  force.  We  feel  that  we  are  called  upon  to  counteract  the  evils  arising 
from  the  growth  of  our  citie.*  ;  from  thn  concentration  of  workers  in  lur^'-t-  b  >di»*s  ; 
ih)m  the  minute  subdivision  of  labour ;  from  the  depressing  conditions  under 
which  the  masws  daily  toil.^  To  provide  relief  and  healthy  occupation  for  leisuK 
hours,  to  secure  that  vacuity  or  mind  and  pettiness  of  motive  shall  no  longer 
1k'  tlie  8ore  affliction  they  now  are,  we  muiRt  take  all  the  reouirement^  into  con- 
sideration and  deiine  with  utmost  uiinuteuess  the  task  in  hand ;  broader  and 
higher  ideals  than  those  now  prevailing  must  he  estahlisbed,  practical  require- 
ments must  he  met.  To  secure  the  right  attitude  of  mind  for  this  task  will  not  be 
en-^y.  Few  realise,  few  know,  how  signal  is  our  failure  to  appreciate  our  power, 
how  deplorably  we  neglect  our  opportunities.  The  bareness  of  the  fare  we  provide 
m  nothing  less  than  shameful  in  view  of  the  rich  possibilities  which  lie  ready  to 
hand.  In  saying  that 

A  primrose  by  a  rivrr's  brim, 
A  yellow  priuirose  was  to  him 
And  it  was  nothing  more, 

the  poet  has  well  pictured  our  average  atiitude  towards  our  surroundings.  To  the 
majority  indeed  a  primrose  is  scarcely  a  primrose ;  it  is  unseen.  It  is  uttle  short 
of  jmpo8sible  to  account  for  our  callous  dieri-tjard  of  the  wondrous  beauty  of  the 
multitudinous  objects  displayed  in  Nature's  realm,  our  willingness  to  remain 
ignorant  ot'  the  meaning  of  the  my.sterious  changes  which  are  ever  happening 
before  our  eyes.  That  familiarity  should  breed  such  contempt  is  passing  sttai^; 
but  how  j^reat  tli«'  guilt  in  tlu>st'  Jnys  of  those  who  allow  the  contempt  to  grow 
up,  knowing  as  they  must  that  the  ignorance  is  easy  to  dispel,  knowing  al^j  that 
those  versed  in  the  mysteries  have  ever  sought  to  lay  bare  all  that  is  within  their 
hen.  The  fulure  on  toe  part  of  those  who  have  the  charge  of  education  to  make  a 
scientific  use  of  the  imagination  is  nothing  chort  of  comj^ete ;  there  is  nothing  to 
show  that  the  imagination  is  ever  called  into  play. 

Surely  it  were  time  to  make  some  real  etibrt  to  imbue  all  with  a  proper 
«iderstanding  of  thdr  surroundings,  to  create  in  all  minds  a  higher  and  refennt 
interest  in  life. 

Tt  is  a  Pftd  reflection  and  a  grievous  blot  on  our  civilisation  that  our 
spiritual  advisers  are  mostly  so  little  regardful,  so  destitute  of  understanding,  of 
tne  works  of  that  Omnipotent  Power  which  all  must  recognise  and  humbly  submit 
to  whether  or  no  allegiance  be  acknowledged  in  doctrinal  terms:  they  before 
all  otlier^i  should  }hi  pn'part  d  to  consider  tUt^'ir  inmost  meaning  and  to  direct 
attention  to  their  wondrous  mechanism.  We  indeed  need  to  send  forth  a  new 
mission  charged  with  the  holy  duty  of  enabling  man  to  appreciate  and  aelmow* 
ledge  the  beauty  of  the  universe  as  well  as  of  preparing  him  to  be  a  thoroughly 
effective  worker,  thus  fitting  hira  for  the  true,  unselfit'h  and  reverent  enjovment  of 
life.  To  uj>e  the  apt  words  of  the  Master,  quoted  by  the  Poet  at  the  J-$reakfajst- 
table:  *if  for  the  Fall  of  man,  science  comes  to  subetitute  the  lUce  of  man,  it 
means  the  utter  di.sintegration  of  all  the  spiritual  pessimisms  which  huTO  been 
like  a  spasm  in  the  heart  and  a  cramp  in  the  intellect  of  men  for  so  many 
centuries.' 

If  we  can  but  make  sweet  use  of  our  present  adversity,  though  we  may  not  be 
exempt  from  public  haunt  but  live  even  in  crowded  cities,  we  ehdl  unquestionablj 
9ocnnnd 

.  .  .  tongues  in  trees,  books  in  the  babbling  brooks 
Sermons  in  stones  and  good  »m  everjf  thing. 
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The  wonderful  prescience  of  our  f^reat  poot  la  iiowbere  more  clearly  displayed 
tliRn  ill  these  liiu*.'< ;  it  is  more  than  surprisinf?  that  althoufjh  ^ronerations  have 
l>eeo  charmed  by  the  music  of  the  words  so  little  Iioa  been  doue  to  reali&e  their 
tni^nning  or  to  give  tham  a  tDeaniog  in  the  minds  of  the  majority. 

It  ie  bat  a  question  of  attitude,  fur  as  Carlyle  somewhere  says, '  so  soon  as  men 
set  to  discern  the  importance  of  a  thing"  they  do  infullihly  set  about  arranging  it, 
ractlitatin?  it,  forwaxolDg  it  and  rest  not  till  in  some  approximate  degree  they  nave 
ac  complished  that.' 

Unfortunately,  there  are  all  too  many  things  of  which      USl,  through  our 
faulty  education,  to  discern  the  importance  bat  which  a  little  understanding^ 
tlie  exercise  of  sorae  '^lip^ht  imaginative  power,  would  enable  us  to  appreointe.  i 
will  take  tlie  word  Enerrjij  us  an  example.    No  word  in  tlie  English  liuiguage 
carries  more  meaning  to  tho^su  verged  in  the  principles  uf  physical  science:  yet 
how  narrow  is  its  connotation  in  the  minds  of  the  uninstraeted  majority.  As 
a  guide  of  practical  conduct,  no  word  is  of  greater  ttgnifieance:  if  its  true  im- 
plication fully  seized  us  the  word  would  ever  rankle  in  our  ears  and  8er\*eto  remind 
lis  of  the  mu.vin  *  Waste  not,  want  not.'    In  (treat  Britain  we  are  using  up  our 
cual  stores  at  the  rate  of  over  two  hundred  millious  of  tons  per  annum.    Used  at 
such  a  rate^  the  su})piy  cannot  last  many  geoerations;  whence  will  our  children 
derive  their  supplies  of  energy  P   Energy  cannot  be  created.    When  ^re  have 
sqimndered  the  %vealth  funded  on  our  earth  by  the  sun  in  leons  pn^t,  we  must  fall 
back  on  the  modicum  we  can  simtch  from  the  daily  allowance  the  glowing  orb 
di^ipense^,  for  his  largess  will  for  the  most  part  be  wasted  and  will  be  verj- 
difficult  to  garner  in  our  country :  sun  mills,  wind  mills  and  fklling  w^ater  being 
bot  irregular  and  ill-disdpHned  servants,  trees  growing  but  slowly.    In  aU 
civilised  cotintriea  the  some  criminal  wastf  of  fuel — of  energ}' — is  going  on  ;  but 
although  \vf  recognise  that  individual  men  have  no  ri^ht  to  live  beyond  tlieir 
meana  and  Imve  little  pity  for  bankrupts,  no  correspondmg  feeling  exists  on  the 
subject  of  coUeettTe  squandering.  The  spendthrift  is  regarded  wilh  equanimity, 
because  be  but  distributes  his  gold  among  the  many — so  that  the  many  Grain  while 
he  alone  is  the  loser,  but  the  energy'  of  fuel  is  ej>ent  irrecoverably  find  all  waste  is 
not  merely  apparent  but  real.    To  waste  fuel  is  to  court  criminal  bankruptcy;  but 
to  how  many  does  it  occur  that  we  are  ull  purties  to  8uck  a  crime!''    Does  any 
seboolmaster  or  schoolmistress  call  attention  to  the  factP  How  many  heads  it 
achools  could  even  write  a  respectable  essay  on  ^lu  h  a  topic F  When  I  have  sug- 
l^^ted  *  A  piece  of  coal  '  as  the  subject  for  a  scholarship  examination  cpsay.  I  have 
nctually  been  told  bv  literary  critics  that  you  have  i\o  r\\i\\X.  to  a>*k  lor  knowledge  of 
facts  m  a  schoollx)y    essay,  the  object  being  but  to  liud  out  to  what  extent  he  can 
'gaa'in  flowing  periods!  A  scuttle  foil  of  coal  exdtes  no  emotions  in  the 
literavy  mind ;  it  should  be  one  to  call  up  harrowing  Tisions»  as  well  as  a  Tista  of 
memories  extendin^'^  far  back  into  the  ages  of  time— for  in  no  other  stone  can  we 
find  a  more  woDclfrlul  (-ermon. 

To  descend  to  the  urdinuiy  level,  how  many  householders  ever  take  into 
eoosidoBitaon  the  wicked  waste  of  fuel  which  goes  on  in  their  establishments  P 
how  many  are  really  thrifty  in  the  use  of  fudP  I  neyer  see  a  'Kitchener,'  or 
hear  it  roar,  but  I  shudder.  The  prevention  of  smoke  is  of  no  cons»H|uenre  in 
coraparison  with  the  prevention  of  the  waste  of  fuel.  Even  ^vhen  ever\'  care  is 
taken  the  wtiste  is  very  great — bimply  because  our  means  of  utilising  the  energy  of 
fuel  are  so  imperfect  The  best  steam  engine  can  recover  for  us  but  very  few*  per 
cent,  of  the  energy  itoied  up  in  the  coal  which  is  buist  In  its  boiler  fire.  If  we 
eoold  succeed  in  burning  fuel  electrically— in  directly  converting  the  latent  energy 
into  electricity — it  is  conceivable  that  the  enpne  might  be  of  nearly  theoretical 
etiicieucy.  But  what  imaginative  power  mui>t  be  exercised  to  secure  such  a  result! 
Cannot  we  in  some  measure  hasten  the  time  of  such  discovery  P  Fkofessor  Psny 
sot  long  ago  had  the  temerity  to  direct  attention  anew  to  the  subject  in  '  Nature,' 
and  made  what  mnnv  practical  people  will  consider  the  impofisible  suggestion  of  a 
wildly  imaginative,  irresponsible  Irishman:  that  u  round  million  or  so  should  be 
devoted  to  systematic  experiments,  with  the  object  of  discovering  means  of  increas- 
ing the  efficiency  of  our  engines.  If  we  coasider  what  is  the  coat  of  a  modem 
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hifttfMhip ;  if  weooiiddw^rii&tliMlieenspeiitoiithewarinSoiith  Afriea;  if  «• 

ocmnder  the  extent  to  which  the  value  of  the  fuel  at  oar  disposal  would  be  increased 
if  we  could  only  double  the  effioipncy  of  our  en{j:ine8  and  of  our  stoves,  Professor 
Peny's  proposal  c^QQOt  be  regarded  as  otherwise  than  modest  and  sensible.  But 
vhatisofnaliiD^rtaiieeis  the  implied  sumstion  that  the  subject  dioald  be 
teriously  inquired  into  at  national  expense.  It  mqaty  and  at  no  distant  date,  be 
admitte  d  that  our  fuel  ftoret  are  national  aneti  oyer  which  there  ahoold  be  aome 
national  control. 

I  maj  take  Fond  aa  aDother  aahjeet  of  which  we  fait  to  diaeem  the  importanoe, 
and  whiui  ia  outaide  the  achoohnaater's  ken,  although  teacheia  have  atomacbs  as 

well  as  other  men  and  boys  in  particular  are  beli»'ved  t  i  take  some  Interest  in  the 
existence  of  that  organ.  It  is  but  a  variant  on  that  of  energy,  as  the  food  we  take 
ia  mainly  of  value  as  the  source  of  the  energy  we  expend — as  fuel,  comparatively 
little  beu^  leqniied  for  the  oonatruetbn  and  repair  or  the  bodily  machineiy. 

.    .    .    (lod  has  made 
This  world  a  strife  of  atoms  and  of  Sfdieiea; 
With  every  breath  I  si^'h  myself  away 
And  take  my  tribute  from  the  wandering  wind 
To  fu  the  dame  of  life's  cooauming  llie> 

OKtwr  IPaaddt  Boimm, 

How  many  will  appreciate  this  pregnant  passage?  In  how  many  schools  n 
inatruotion  given  which  would  make  it  possible  to  recogniae  ita  beauty  and 

completeness  as  a  statement  of  the  philosophy  of  the  respiratory  proce'^*:  ?  Out 
ignoraiHv  of  oursrlvrs  and  of  tlic  functions  of  food  is  indi'ed  ])henoiiieiiHl.  L.ifa 
involves  the  uuceaaing  occurrence  of  a  series  of  changes  lor  the  most  part  chemicaL 
If  the  proper  atudy  of  man  be  man — aa  the  higheat  dignitary  of  our  Ohurdi  aone 
time  ago  asserted  it  wns — the  ordinary  person  would  be  prone  to  a^ieiunie  that  those 
in  charge  of  t'fltication  v mid  so  direct  studies  as  to  give  man  soine  intere.-»t  in  his 
own  wonderful  mechuniAUi ;  instead  they  almoi^t  unilormiy  direct  that  true 
<ooltttre*  oonaiata  in  knowing  what  he  has  thought  and  written  of  hinaetf  in 
classic  tongues  in  ages  gone  by  before  the  slightest  vestige  of  understanding  of 
the  phenomena  of  life  had  been  obtained.  And  we  moderns  calmly  .sutT»»r  this, 
and  at  the  same  time  wonder  at  the  way  in  which  primitive  peoples  allow  their 
madinine  men  and  wiaarda  to  dominate  them.  Taking  into  acoouat  what  ia 
kaM>wn,  oura  perhapa  is  relatively  a  deeper  savagery  tlian  thnt  of  most  untutosed 
races:  our  educational  priesthood  are  for  the  most  purt  never  trained  to  a  know- 
le^p  of  the  mysteriee  aud  deny  admL^ou  through  ignorance  rather  than 

Ftom  food  to  the  preparation  of  food  ia  an  euj  atep — in  point  of  fact  the 
knowledge  !iow  to  prepare  food  properly  is  of  far  more  importance  than  any  know- 
ledge of  what  food  is  and  does,  as  on  it  dependa  much  of  the  happiness  and  health 
of  mankind.  Cooking  is  a  bmoch  of  apphed  diemiatxy.  We  uve  in  a  acientific 
age — an  age  of  knowingness.  We  might  therefore  expeet  that  our  giria  at  leaak 
would  be  so  traini'd  at  school  that  witli  little  effort  they  could  become  knowing 
cooks.  I  am  not  aware  that  the  authorities  who  lay  down  the  regulations  for 
University  Locals  or  similar  examinations  have  allowed  any  such  vulgar  con- 
aiderationa  to  guide  them  in  drafting  their  examination  schem*  a :  aieetiesof  gram- 
matical construction,  reconditt  ])robIfms  in  Geography  and  History,  the  views  of 
an  ancient  pliilosophcr  who  «rave  him.'^elf  up  to  angle  worship,  are  alone  thought 
of  on  such  oceasiitns ;  and  yet  there  are  times,  it  is  said,  when  these  august  persons 
deifln  to  take  some  notice  of  culinary  efforts:  they  cannot  be  unaware  that 
cookery  is  a  subject  of  soni"  importance,  which  might  well  at  least  be  )e<l  up  to 
at  school.  To  justify  niy  ri'tVrcDce  to  the  subject,  let  me  read  a  pn^^age  from  *  An 
Address  on  Education/  dehvered,  not  by  a  narrow-minded  Goth  who  is  so  lost  to 
leaaon  aa  to  doubt  the  auffidflDcy  of  an  exduaively  literary  training'  aa  aiaepara- 
tion  for  life,  but  by  a  classic,  the  Headmaster  of  a  great  public  school,  Thring  of 
Uppingham,  in  apeaking  of  the  Higher  Education  of  Wo|oan  at  St.  Al^^ana  in 
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*  We  English  are  proud  of  our  homef ,  We  Bing  eonga  about  them,  we  write 
on  them;  in  fact,  we  are  very  justly  proud  0/  our  homes.  Has  it  eyer  entered 
your  niiiraB  that  home  to  the  great  majority  in  a  Tery  hrge  degree,  and  to  all  in 
aome  degraey  ia  hut  a  loftier  name  for  cookery  ?   In  a  cottage  good  cookery  m^ma 

economy,  luxury,  health,  comfort,  love.  ,  .  .  (>)okt!ry  to  tlie  vast  majority  of  man- 
kind means  home,  and  when  tiie  weary  worker  comes  back  from  work  wanting  to 
we&tf  cookenr  alona  can  turn  him  out  fit  for  work  again.  From  this  point  of  view 
homa  ia  oookeiy.* 

Cookery  is  certainly  a  subject  of  which  those  iu  charge  of  education  have  not 
yet  in  any  way  discerned  the  importance.  Oar  cooks  are  inferior  and  wasteful 
simply  bcrause  they  fail  to  exercise  snffirinrtt  imapinadvo  power.  If  we  wish  to 
make  good  cooks  of  our  girls,  we  must  tench  them  to  think  for  themselves  and  to 
be  imogiuative — to  make  a  scientitic  um  of  their  imaffiuation ;  they  will  then  come 
to  see  that  the  subject  is  a  vastly  interaeting  one,  fim  of  opportumty  for  xeaaaich. 
The  kitchen,  of  all  plaoee^  ia  the  one^  ia  &ct,  in  which  the  neuriatic  method  ahonld 

most  flourish. 

Could  we  find  tongues  in  trees  we  should  doubtless  find  them  eloquent  on  the 
aulject  of  food  supply  and  ftr  more  delicate  in  their  taitea  than  any  mortals. 
But  how  many  of  us,  looking  at  a  green  leaf,  can  in  any  way  call  t  o  mind  the 
wonderful  mechanism  which  enables  the  plant  to  secure  the  main  bulk  of  its  solid 
substance  from  the  fleeting  stores  in  the  circumambient  atmosphere ;  or  the 
manner  hi  which  it  ia  dependent  on  light ;  or  its  mineral  needs ;  or  its  great  need 
of  water  and  its  wonderful  transplratory  activity  ?  And  yet  the  chief  industry 
of  the  world  is  agriculture — the  feeding  and  tondinp-  of  plants.  At  least  those 
who  lead  a  rural  life  should  have  their  imagination  excited  on  such  subjects  at 
school ;  it  Is  even  possible  that  mudi  of  the  asserted  dnlness  of  a  country  life 
might  pass  away  if  an  interest  in  plant  activity  were  properly  cultivated.  And 
schoolmaster?  mifrht  oven  find  comfort  in  the  reflection  that,  as  MMtm.  Brown 
and  Escombe  have  recently  shown,  the  translocation  of  the  material  first  formed 
in  the  leaves,  metabolism  and  growth  are  become  so  intimately  correlated  that  the 
perfect  working  of  the  entire  plant  is  only  possible  in  an  atmosphers  containing 
the  normal  amount  of  three  parts  of  carbon  dioxiiJe  p'-r  ten  thousand  ;  they  niiijht 
recognise  in  the  plant  fin  organism  after  their  own  heart,  with  ripened  conserva- 
tive instincts  and  unwilling  to  accept  any  other  than  the  limited  diet  long  favoured 
by  the  craft. 

In  these  days  not  only  tlio  obvious  but  nlso  the  microscopic  forma  of  life 
claim  attention;  it  is  imperative  that  all  should  he  at  least  aware  of  their 
existence  and  mindful  of  the  deadlv  power  that  some  of  them  exercise.  All  should 
be  able  to  read  with  intelligaice  the  wonderftd  story  of  tiie  bnieflcent  labours  of 
the  great  Pnsteur-  a  true  saviour  of  mankind — and  appreciate  their  value.  The 
lessons  of  sanitary  science  will  never  be  properly  broup'ht  home  to  us  and  heeded 
in  daily  life  until  a  more  direct  intimacy  with  micro-organisms  is  encouraged  at 
school. 

And  whether  or  no  there  be  *good  in  everything,'  cliildron  must  at  least  be 
encouraged  to  seek  it:  to  use  their  eyes  always  and  to  reflect  on  what  they  see. 
A  proper  use  will  be  made  of  leisure  and  of  holidays  when  they  are  so  trained ; 
even  'Pays  in  the  Country 'will  then  be  dsvs  of  enjoyment  and  peace  for  all« 
nersr  of  mere  Taeuous  wanderings,  let  alone  or  wanton  destruction,  and  will  leave 
no  memories  of  broken  glass  and  waste  paper  behind  them*  And  in  the 
end,  the  national  drink  bill  may  be  considerably  diminished  if  Shakespeare's  words 
come  to  have  some  slight  meamng  for  all. 

Let  us  consider  what  we  can  do  to  further  this  most  desirable  end.  Section  L 
is  in  advance  of  the  ttmes,  being  coocwned  with  a  non-existent  sdenos — the  Science 
of  Education.  The  science  will  come  into  existent  e  only  when  axBtional  t3ieory 
of  education  is  developed  and  applied  ;  but  it  is  clearly  on  the  very  eve  of  coming 
into  existence,  otherwise  the  iSection  could  not  have  been  established ;  and  we  may 
mtribote  much  to  its  development. 

Smely,  the  piimaiy  artida  of  our  onedviU  be  that— as  ThiiDg  baa  laid— <the 
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whole  human  btiing  is  the  teacher's  care/  for  all  must  admit  that  the  faculueA  ge^ 
rally  should  be  cultivated  and  educated.  At  present  we  make  ths  fonduMiital 
mis'tnko  of  diareg'ardinjr  this  truth  but  tht^ri"  is  evidence  that  sounder  views  arw 
bepiimini;  to  prevail.  It  is  very  noteworihy,  for  example,  that  in  the  recent  rt'p<»rt 
of  the  Uommitt«o  ou  Military  Educatiou  it  is  laid  down  that  Jii^  subjects  are  to  be 
regarded  as  neeeasaiy  dements  of  a  sound  freneral  edantion,  v\t  ,  Rn^ish,  lliitiM- 
matics,  a  Modern  language,  Latin  and  Experimental  Science.  Moreover  it  it 
recojjrnised  that  each  of  these  subjects  has  a  peculiar  educational  value  of  its  own. 
Such  a  conclusion  takes  the  breath  away ;  indeed,  it  is  almost  beyond  belief  that 
iletdmtaten  of  PuUle  Schools  could  commit  tlieir  lirathren  by  atteehing  tkar 
namoi  to  a  leport  containing  such  a  piagiaph  as  the  folloifiiig:^ 

*  The  fifth  subject,  which  maybe  considered  as  an  essential  part  of  a  »oiuifl 
general  education,  \a  Experimental  Science,  that  is  to  say,  the  Scifnce  of  Plirsirs 
and  Chemistry  treated  experimentally.  As  a  raean.s  of  mental  trainin^j,  and  also 
viewed  as  useful  knowledjfe,  this  may  be  considered  a  necessary  part  oi  the  intel- 
lectual equipment  of  every  educated  man,  and  especially  so  oi  the  officer,  wkoas 
pron  gs! i>n  ia  all  its  branches  is  dally  becoming  more  and  more  depeodsiit  oa 
Science.' 

Just  consider  what  this  recommendation  means :  that  it  is  now  publicly  ad- 
mitted by  high  authority  that  all  l)oys  should  have  the  opnorluuity  g-iven  to  th^-m 
at  scuuul  of  gainiiur  knowledge  Ot/  ciperii  uce — by  actually  doiug  things  them^elve^ 
not  meiely  by  rsaaing^  about  them  or  being  told  about  them,  because  this  and 
nothing  short  of  this  is  what  is  aimed  at  by  all  who  advocate  the  introduction  of 
Experimental  Science  as  a  necessary  pflrt  of  school  training.  The  r^ign  of  tbt» 
cleric  as  absolute  monarch  of  the  school  kingdom  will  be  at  an  uud  if  such  doctrine 
be  acMpted  and  acted  upon ;  there  will  be  some  chance  of  our  regaining  the 
fcpntation  of  bnng  a  practtcsl  people.  Members  of  the  British  Association  will  bs 
carried  back  in  a  dream,  some  thirty  odd  years,  to  18C7,  when  a  report  from  a 
Cummittdei  consisting  of  the  Ueuoral  Otiicers  of  the  Association,  the  Trustee  the 
Rev.  F.  W.  Ferrer,  the  Bev.  T.  N.  Hutchinson,  Professor  Huxley,  Hr.  Joseph 
Payne,  Professor  Tyndall  and  Mr.  J.  M.  Wilson,  specially  appointed  to  consider 
the  best  method  of  extending'  Scientific  Education  in  schools,  was  present«-d  bv  th-* 
Council  to  the  General  L'ummittee  and  it  was  resolved:  '  That  the  P redden t  of 
the  Association  be  requested  to  communicate  the  fiepovt  to  the  Pr««dent  of  the 
l^ivy  Council,'  &c.  One  among  the  reasons  then  given  why  general  education  in 
FChools  ought  to  include  some  trHinin*^'  in  .science  was,  *as  providing  tlu^  best  diici- 
pline  in  observation  and  collection  of  facts,  in  the  combination  of  inductive  with 
deductive  reasoning,  and  in  accuracy  both  of  thought  and  language.'  History  does 
not  record  what  the  Privy  Council  did  with  the  memoriaL  Had  the  Oouncil  been 
mindful  of  its  duty  to  the  country  and  pai<l  serious  attention  to  so  weighty  a 
representation  our  present  position  might  have  t)een  a  very  different  one  ;  the 
German  and  American  bogies  would  have  assumed  less  portentous  dimensions  ia 
our  eyes,  and  we  might  have  found  ourselves  far  better  prepsied  then  we  wete  to 
cope  with  the  conditions  in  South  Africa.  Accuracy  of  tnought  and  language, 
according  to  the  evidence  given  before  the  Committee  ou  ^Military  Education,  ar» 
Qualities  in  which  military  candidates  are  particularly  lacking,  notwitlii»Lauding 
toe  esserted  value  of  Lstin—the  chief  subject  of  study  in  the  Public  Schooie— u 
mental  discipline. 

Unless  we  are  prepared  to  disregard  not  only  all  the  lessons  of  the  recent  war 
but  also  the  lessons  we  have  been  receiving  during  years  past  in  the  wider  war  of 
commercial  competitiott ;  unless  we  are  prepsred  to  disregard  the  still  wider  eoA- 
i^ideration  that  education  must  be  an  eflective  preparation  for  life  and  not  mersly 
for  business,  toe  findings  of  the  Committee  on  Military  £<lucation  must  be  em- 
bodied in  our  practice.  Undoubtedly  the  real  issue  decided  by  the  Committee  was 
the  question  whether  the  anteeedent,  not  the  teduucel,  truning  of  nufiteiy 
candidates  was  properly  conducted.  In  other  words,  our  PuMtc  Sch^  spetee 
was  on  its  trial.  Although  not  referred  to  in  po  many  words,  this  system  is  most 
efl'ectively  condemned  in  spirit  in  ever^  line  of  the  Report  and  far  more  between 
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the  Bnes.  Bat  the  Oomnuttee  hare  merely  reeogniaed  what  haa  been  knows  for 

years  aod  yesrs ;  not  a  mnglA  novel  point  is  brought  out— not  a  single  Borel  iasue 
18  raised  in  their  report.  By  mnlnnp'  definite  recommendations,  however,  they 
have  lifted  the  subject  on  to  a  higher  plane,  and  it  is  these  recommendations  which 
require  the  most  earefiil  oomideration  emd  revirim :  for  if  carried  oat  as  they  stand 
there  wUl  be  little  improvement  in  our  condition.  The  Committee  have  certainly 
done  more  than  thoy  were  as'fcd  to  do,  hut  not  ninro  t)inn  they  were  bound  to  do. 
By  the  terms  of  reference  they  were  to  consider  and  report  what  changes,  if  anv,  are 
desirable  in  the  system  of  training  candidates'^  the  Army  at  the  Fuhlic  Schoole. 
Tnntead  they  have  recognised  that  edueatioa  at  secondary  schools  has  in  a  ^reat 
measure  conformed  to  tho  course  generally  pr*'fcribed  by  public  professional 
examinations  originally  designed  to  secure  tlie  selection  of  candidates  who  had 
availed  themselves  of  the  advantages  of  a  good  general  education ;  and  that  the 
State  haa  been  careful  in  the  matter  of  examinations  that  they  should  he  so  frame<l 
ns  not  to  disqualify  or  hinder  the  un.successfnl  candidate  from  entrance  into  other 
profepsions :  or,  in  other  words,  that  neither  more  nor  less  is  to  be  exacted  from 
candidates  for  entrance  into  the  Army  than  from  candidates  for  other  professions. 
Consequently,  the  requirements  to  be  laid  dovm  for  Army  candidates  are  such  as 
can  be  met  from  a  sound  general  education  ;  they  are  in  no  way  special.  Tlie  Com- 
mittee have,  in  fact,  pronounce<l  judpment  on  the  subject  of  all  others  which  is  of 
greatest  conseuueucc  to  the  nation  at  the  mumeut.  But  they  were  not  actually  ap- 
pointed for  sucti  a  purpose,  although  they  should  have  been,  as  it  was  to  be  foreseen 
that  the  major  issue  must  be  tried  if  the  minor  were  to  be  settled.  Thf'  modern  spirit 
in  education  was  not  eutliciently  represented  on  the  Committee.  Of  the  witnesses 
examined  too  few  had  anv  practical  acquaintance  with  the  work  of  education, 
although  a  great  many  who  could  judge  of  its  effeets  gave  evidence;  aod  the 
practical  side  of  education  was  scarcely  considered.  Only  one  witness  was  examinad 
on  behalf  of  '.Science';  Mathematics  was  unrepresented.  Such  being  the  case, 
it  is  surprising  that  the  Committee  should  have  gone  so  far  in  their  recommenda- 
tions  and  a  proof  how  overwhelming  the  case  must  be  in  faTOur  of  change. 

AmoTip:  the  pip^is  of  the  time  showing  that  liberal  views  are  coming  into  voprne, 
I  may  refer  to  the  provision  made  in  the  new  buUdinfiis  desisined  by  Mr.  Astou 
Webb  and  Mr.  Ingress  Bell  for  Christ's  H««pital  SehooT,  which  was  remoyed  from 
London  in  May  last.  The  new  liome  of  this  ancient  foundation  is  situated  in  the 
county  of  Sussex,  about  four  miles  south-west  of  Horsham,  and  comprises  nn  area 
of  1,300  acres  of  land — meadow,  arable  and  woodland.  Nearly  tKX),000/.  has 
been  expended  on  the  new  school  up  to  date.  Provision  Is  made  for  800  boys, 
and  together  with  the  necessary  staff  these  will  form  u  colony  of  some 
thoupand  persons.  The  school  provides  its  own  water  supply*,  disposes  of  its 
sewage  by  the  bacterial  system  on  its  own  premises,  and  is  lit  entirely  by 
electricity  generated  on  the  spot.  Only  food  and  clothing  are  derived  from 
the  outside.  If  senior  boys^  in  the  future,  are  allowed  to  gain  some  insight  into 
the  interior  management  and  economy  of  such  an  in^titution,  what  wonderful 
opportunities  tliey  will  enjoy  !  And  I  hope  the  day  is  not  far  distant  when  boys 
will  learu  to  understand  everything  connected  with  the  school  in  which  they  pass 
SO  many  ysars  of  their  lives.  A  school  should  be  the  laat  to  deny  to  bovs'cvery 
opportunity  of  gaininj^^  Mich  invaluiible  t  xperience.  Fortunately  Christ's  llospital 
ScDOol  is  conducted  on  the  lioHtfl  «v9l*'m  ;  thf  mnst-  M  therefore  are  not  charged 
with  household  cares  and  have  no  temptutiuu  to  withdraw  their  thoughts  from 
the  work  of  education.  The  school  has  no  taint  of  commercialism  about  it.  It 
will  be  a  happy  day  for  our  country  when  this  i.s  true  of  all  our  schools. 

The  pcbool  buildings  are  placed  nearly  in  tlu'  centre  of  the  site  and  cover  an 
area  of  about  eleven  acres.  Thepr  are  disposed  along  a  slightly  convex  line  facing 
southwards,  the  extremities  curving  gently  towards  the  east  and  west  respectively. 
The  naio  tango  haa  a  frontage  of  2,200  feet.  At  the  eastern  end,  detached  from 
the  main  range  and  somewhat  retired,  arc  the  Infirmary  and  Sanatorium,  whidi 
have  a  frontage  of  500  feet.  There  are  extemiive  playing  fields  and  also  a 
Qynuiasium  iiw  Swimmiog  Bath. 
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The  scholiatic  boUdiogs  ore  grouped  in  the  oentze  around  s '  Quad,* 300  iaeA  hj 

240  feet. 

The  Dimnf^  Hsll,  154  6et  by  66  feet,  bebind  wbieh  are  the  Kitchfwia  and 
rablidiary  offices,  is  placed  on  the  north  side  of  the  Quad.    The  Chapel  Ims  sole 

posfipssion  of  the  western  side.  The  School  Hall,  130  feet  by  50  feet,  is  at  the 
centre  of  the  soutliem  aide,  ciaas  rooms  being  provided  in  two  buiidiogt  parallel  to 
it  but  aeparated  by  iotenrak  of  40  feet. 

The  Sdence  School  faces  the  Chapel,  filling  the  eaatem  side.  The  Art  School 
and  Library  are  arrang^od  at  right  angles  to  it,  somewhat  in  tlu?  background.  The 
{Science  School  conaiste  of  four  main  *  laboratories/  with  aubaidianr  smaller  rooms 
attached  to  each.  Noleetme  rooms  areprovidefl,  as  Scieaoe  is  to  m  atudied  at  the 
woflk  bench;  but  each  of  the  laboratories  h&»  a  space  arrbnged  so  that  deibon<tra- 
tions  may  be  conducted  within  it.  The  laboratories  are  fitted  up  as  workshops 
as  well  as  in  the  ordinary  way,  so  that  boys  may  use  toold  as  well  as  test  tubes, 
and  the  eflbrt  has  been  made  to  keep  the  tittiugs  as  nmple  as  possible.  W  ork- 
ehope  for  ^-pecitic  manual  instruction  will  be  provided  in  addition  to  the  Science 
School".  I'lxp^  iimental  Science  will  be  taught  throughout  the  school.  It  will  be 
obvious  t  hat  bn  ly,  mind  and  soul  have  all  been  cared  for.  Whilst  due  provision  has 
been  made  for  the  intake  of  thatener^  which  is  so  Indispensable  to  the  indul^euo; 
in  mental  effort  as  well  as  to  the  mamtenanoe  of  the  vital  machinery,  ecieoee  haa 
received  recognition  at  the  hands  of  the  designers  of  the  Buildiii^:?,  of  the  Governing 
Body  and  of  th"^  Head  Mu.ster  in  a  manner  heretofore  unu^^ual :  it  has  actuallv  been 
placed  on  an  ei^ualily  even  with  religious  and  with  literary  study,  and  it  may  be 
hoped  that  the  leverent  regard  of  the  beautiea  and  wonders  of  Nature  gained  in 
the  Science  workshops  a«  well  as  in  the  surrounding  country  will  but  deepen  the 
feelings  of  devotion  proper  to  the  Chapel  and  greatly  help  in  lifling  the  life  of  the 
school  to  a  high  level.    May  the. example  not  be  without  effect. 

It  bae  been  my  privilege  to  act  as  tne  nominee  of  Uie  Boyal  Society  of  London 
on  the  Governing  Body  of  the  School  during  several  years  past  and  I  may  be 
p*^nnitted  to  bear  witness  to  the  manner  in  which  one  and  all  have  been  mindful 
of  the  needs  of  the  times  in  arran^g  the  new  buildings.  I  believe  few  Governing 
Bodies  of  Schoola  will  do  otherwise  dian  promote  adrance,  if  properly  advisedC 
Kesistance  to  progress  comes  from  within  tlie  sohoola.  Tho  pablie  mnit  ifano 
the  schools  to  refbcm. 

Let  me  now  xetum  to  the  reoommendatbrn  of  tbo  Committee  on  Militazy 
Education.   It  is  to  be  noted  that  they  clearly  involve  the  reeognition  of  two  sidhsa 

to  education — a  literan/  and  a  practical.  I  use  the  term  prarticn!  advi>*^d]v, 
becau.se  it  would  be  wronjf  to  draw  a  distinction  between  a  literary  and  a  scieutilic 
side,  as  the  whole  of  education  should  be  scientific  and  science — true  knowledge — 
and  scientific  method— true  method — should  pervade  and  ilominate  the  wfaoEe  of 
our  teaching,  wliatever  the  sulnect-matter ;  and  as  the  (jbject  of  introducing 
experimental  Hcu  jice  into  the  school  ia  to  give  the  scholars  an  opportunir  v  of 
gaining  their  knowledge  at  iirst  hand — by  practical  heuristic  methods,  as  du>iin> 
ffoished  from  litersry  didactic  methods — the  introduction  of  soch  discipline  may 
be  properly  said  to  involve  the  recogniti'ii  of  a  practical  f^ide. 

The  term  ])ractical  must  not  be  under-tood  n<  the  antith'*sis  of  theoretical. 
Practice  is  inseparable  from  theory  in  all  true  teaching,  the  advance  from  one 
practical  step  to  the  next  bong  always  over  a  bridge  ot  ihBorj,  t^t  if  it  be 
granted  that  education  necessarily  has  two  sides,  it  follows  that  the  Committee 
on  Mihtary  Education  are  illogical  in  their  reconnuendation  that  Latin  and 
Experimental  Science  may  be  treated  as  olteniative  subjects:  they  are  but 
oomnlemeotanr,  not  alternative,  subjects.  Hie  only  possible  altunative  to  Latin 
would  be  a  suljeot  in  the  literaipr  branch — anotlier  language,  in  fact. 

But  the  recommendations  ot  the  Committee  are  also  far  from  eatisfactorv  on 
the  subject  of  languages.  *  The  study  of  languages/  they  say,  '  forms  a  third 
main  ftatoie  of  a  aoiind  jgenersl  education.  Of  these  tlio  most  important,  from 
an  educatioiial  foixA  (st  view,  is  Latin.  Modern  laqgn^fes,  though  much  infenir 
to  Latin  aa  a  meaoi  of  mental  discipline  (at  least  ai  generallj  ta^t),  mntt  aooa 
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the  less  lie  regarded  as  an  important  part  of  a  sound  general  education*'  In  face 
of  this  ronclusion  it  would  have  been  logical  to  make  a  modem  language  rather 
than  Latin  the  alternative  to  experimental  science:  obviously  the  Committee 
dared  not  omit  the  modem  language.    It  is  true  the  recognition  of  experimental 
•cience  and  Latin  as  pofldble  alternatives  may  be  regarded  as  a  high  compliniieiit 
to  the  latter,  but  it  was  never  intended  to  be  such ;  in  truth  it  marks  the  recog- 
nition of  the  inevitable :  that  Latin  will  ere  lonj?  be  deposed  from  its  high  estate, 
and  intellectual  freedom  granted  to  our  schools,  greatlj  to  the  advantage  of 
Liatin,  I  beUeve.  There  is  no  donht  that  the  leUitift  Taltte  of  Latin  as  an 
educational  subject  is  grossly  exaggerated ;  those  who  dwell  on  its  merits  are 
rarely  conversant  with  other  subjects  to  a  sufficient  extent  to  be  able  to  appreciate 
tlie  effocts  the=o  would  produce  if  equally  well  taught.    As  a  matter  of  fact,  in 
tho  case  of  Latin  tlie  most  capable  teachers  have  been  chosen  to  teach  the  most 
capable  boys;  the  resalto  obtained  haye  been  nnfiurly  quoted  in  proof  of  tba 
superior  value  of  the  subject.  We  have  jet  to  discover  the  highest  value  of  other 
suDjects,  their  depth  of  power  as  disciplinary  agents  having  been  most  imperfectly 
sounded.    And  if  we  consider  results,  do  not  they  atibrd  proof  that  the  belief  in 
I^atin  (as  taught)  is  misplaced  ?    It  has  been  the  staple  subject  of  education  and 
has  been  supposed  to  aflord  the  most  valaable  training  possible  in  composition.^ 
Xeverthelei^s  the  complaint  is  general — not  only  here  hut  also  iu  Germany 
where  Latin  is  far  more  taught  and  believed  in — that  composition  is  the  one 
subject  of  all  others  which  the  schools  do  not  teach.   The  fact  is,  Latin  is  a  subject 
which  appeals  to  the  minority  of  ecfaolan ;  the  time  of  the  minority  is  wasted 
in  8t  udy  mg  it.  I  would  give  to  all  an  opportunity  of  poving  their  aptitude  in  Latut 
and  Greek,  or  at  least  some  op]5ortunity  of  appreciatmg  the  construction  of  these 
lang-uages ;  but  I  am  inclined  to  lavour  the  proposal— made  by  hhrh  authority,  I 
believe — that  such  studies  should  follow  that  of  modern  languages  rather  than 
precede  it.  The  true  stady  of  classical  languages  should  be  reserved  for  the 
University.    In  any  case,  it  is  beyond  question  that  a  very  large  proportion  of 
those  who  would  make  magnificent  officers  are  incapable  of  learning  Latin  to 
advantage;  such  will  in  future  enjoy  the  iuestimaolo  advantage  of  studying 
Experimental  Sdenee ;  but  if  those  wno  take  up  Latin  are  in  consequence  to  lose 
all  opportunity  of  acouii  ing-  some  power  of  reading  the  secrets  of  ISature  and  of 
thereby  developing  thou*;] it-power  and  mental  alertness — and  such  must  be  the 
effect  of  the  adoption  of  the  recommendations  of  the  Committee — they  will  prove 
to  he  of  little  value  to  the  army  iu  cumpurisou  with  their  colleagues  whose  eyes 
baTo  been  trained  as  well  as  their '  intellect'  In  the  course  of  the  OTideoce  giren 
to  the  Committee,  Dr.  Warre  expressed  the  view  that  Scienoe  would  kill  Latin 
eTentnally.    Nothing-  could  be  more  unfortunate,  but  the  course  adopted  by  the 
Committee  is  that  moist  calculated  to  bring  about  such  a  result,  as  Latin  is  thereby 
put  in  competition  with  a  subject  which  must  ere  lonff  he  regarded  as  a  necessary 
subject  of  school  instmction  under  all  conditions.  La^  snould  be  made  one  <n 
the  optional  subjects  aloni:  with  Creek. 

In  their  scheme  of  murks  for  tho  examination,  the  Committee  put  Latin, 
French  or  German  and  Experimental  Science  on  an  equality  by  assigning  2,000 
marka  to  eaeh ;  but  Euglisn  and  Mathematics  are  rated  at  a  higher  ndue,  eadi 
receivinff  3,000  marks.  It  would  have  been  better  to  have  assigned  equal  valusa 
to  the  ppveral  gTOup-suLjects  regarded  as  essential  to  a  sound  general  education. 
It  should  scarcely  be  necessary  to  put  a  premium  on  the  pro})er  study  of  a  man's 
own  language  ;  tbe  subject  hua  naturally  a  great  advantage  over  others.    As  to 

'  Dr.  Warre  was  continually  harping  on  this  point  in  his  questions  to  witnesses 
examined  by  the  Committee.  Thus  (Q.  3,124):  'I  want  to  put  Geography  and 
History  into  English,  and  your  composition  would  be  tested  in  that  way.  We  think, 
for  instance,  that  Composition  is  admirably  taught  by  translation  from  Latin  or 
Greek.  (To  the  witness :)  Would  you  agree  with  that,  that  translation  from  another 
language  is  teaching  English  Composition  7 ' 

A^'aiu  (Q.  3,12U)  :  'When  officers  have  talked  to  us  of  the  uselessness  of  QiMk 
and  Latin,  they  have  neglected  the  fact  that  Greek  and  Latin  are  the  great  instmotOBI 
in  Soglish.'    Witnea  (the  Bev.  A.  Bobertson) :  '  I  quite  concur  in  that.* 
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Mathematics,  there 'm  no  doubt  that  thU  also  is  a  subject  of  which  tht  nbiivf 
vilne  aa  msntal  trtfadnif  liw  lieeii  gtMtly  dfeNrdned ;  moreover  tbaf  thtMhii 

adopted  in  teacbin|^  it  bare  been  rwj  nnlty  :  consequently  mneh  time  btln 

wastt'd  and  its  tnio  value  has  not  been  appm  iat(Hl,      it  lias  been  nwd?  to  1^5^" 
uonecessarily  difficult  and  forbidding.    The  evidence  before  th»*  Comniittt-  ari^L-f 
Mathematics  Eyeing  carried  too  far  was  very  stronfr.    Thus  Captain  Lei,  m 
Mtmining  Major-ueiwiml  Sir  0.  Ofove  {tpMJaag  of  the  txminiaf^  at  WooMdkk 
eaid  (Q.  604) :  '  There  wm  to  immenae  amount  of  pure  mathemaiica  and  «M, 
which  one  never  has  orcnsion  to  utilise  afterward?,   unless  one  becfmio  u 
Instructor  of  Cadets  at  Woolwich,  where  vou  teach  them  the  same  uselec^  tkkf^ 
jou  have  learned  jonealf.*  Thia  eltdtea  from  General  Grove  the  replj:  'Wd, 
there  ia  a  stranp^  tendency  in  Mathematics — I  do  not  know  why — thet  nhftuie 
you  introduce  tliem  thvj  encroach  horribly.    T  am  alway.'^  «tnjjr2"ling-  to  ml  dim 
advanced  mathematics.'    And  more  to  the  same  etlect,    A^ain,  Li-^utenant-*"-h!Srt 
S.  Moores,  when  asked  whether  he  considered  the  syllabus  for  the  ectruDf 
examinatione  at  Woolwich  and  Sandhnnt  to  he  reaaonehle  (Q.  2,35S),at«Bi 
replied, '  No,  ur;  Hathematiea  are,  in  my  opinion,  verv  much  ovei^Talindiit 
aaoject  lor  Army  examinations,  exccptifij?  for  the  Royal  Enfrineers.* 

After  nil,  if  reasonable  standards  were  adopted  both  in  >latheoiattcs  an<!  Ijitia, 
these  subjects  would  not  create  the  difficulty  they  do  in  examinations  a:  pre^ 
hy  aheorbing  so  much  of  the  time  in  school  that  no  proper  attention  can  be  pm 
to  subjects  in  reality  at  least  of  e-jual  importance.  It  should  K-  initiated  tkit 
fundamentals  be  thoroughly  tauirlit  by  practical  ra*  thnrl^s,  «o  th.i:  the  know- 
ledge acauired  may  be  real  and  usable:  it  is  astonishing  how  far  t^udents  oay 
he  carried  in  Hathematiea,  how  real  and  ioterMting  the  subject  heenawa  ta  ihtm, 
when  they  grasp  the  fact  that  it  haa  a  practical  bearing. 

While  Inlirig-  with  Mathematics,  I  cannot  refrain  from  quoting  a  .^taf«D?r:t 
mad*^  by  (.'aptain  Lee  (Q.  4,1?<W)  with  refrnrd  to  tho  n-lative  values  of  thiis  ju't>- 
ject  and  of  science  to  military  men,  as  the  opinion  he  expressed  is  of  very  genmi 
ap^eatioo.  '  I  think  it  is  quite  true/  aaid  Captain  hte, '  that  a  grmt  wmJmd 
Artillerv  officers  do  ^  tlirough  their  aorvioe  without  using  Science,  but  T  think 
tl!«^v  f»»ol  that  any  science  they  know  proves  of  mucli  more  practical  uj*  to  theo 
in  their  pn^fession  than  the  Mathematics  they  have  learned.  As  far  as  I  kao«, 
in  the  most  scientifie  hvanch  of  the  Artilleiy,  the  Garriaoil  Artillery,  there  an 
practically  no  oocaaiona  where  a  knowledge  of  Matheraatica  is  reauured  l-eyxmk 
the  Mathematics  nocc=.«ary  to  solve  a  simpl»'  formula,  whereas  the  lack  of  kn  >"ir- 
ledge  of  Electricity,  Steaiu  and  Hydraulics  is  often  a  serioui»  handicap  to  the 
officer.*  I  will  venture  to  enlarge  00  this,  and  say  that,  assuming  Latin,  Malh«- 
matica  and  Experimental  Science  were  taught  et^ually  well,  by  equally  tend 
methods,  and  that  they  proved  to  he  of  coual  value  as  forms  of  mental  tnlaiBr 
(though,  of  cour.ee.  developing'  somewhat  ditl'erent  faculties),  the  training  g^itM 
throujrh  Exporimenial  Science  would  be  far  the  most  valuable  because  tLe 
reciuients  would  be  brought  thereby  most  intimately'  into  contact  \iitb  the 
world  and  most  fitted  to  help  themselves  by  having  their  thooght-povcr 
deTeloped.  Of  course  this  U  but  an  opinion,  but  one.  I  vonture  to  think,  whkh 
many  share  with  me :  yet  I  make  no  superior  claim  for  the  subject  and  a$£ 
only  that  it  should  rank  i^uall^  with  literary  and  mathematical  training  anioq^ 
the  necessary  subjects  of  edueatiOD. 

It  still  remains  to  consider  the  apedfie  noonmendatious  of  the  Committal 
with  regard  to  I'x  peri  mental  Science,  as  these  are  most  tinsati«?factory.  Xotiinc 
could  be  more  satisfactory  than  the  manner  in  which  the  subject  i<  drali  witk 
by  the  Committee  in  their  general  report,  paragraph  'JO,  already  quoted  (p.  S;^}- 
But  on  taming  to  the  scheme  of  the  pro)K)£ed  examination  (Appeadis  A\ii 
appears  that  not  one  Experimental  Science  but  two  Experimentai  SciSBOSStft 
contemplated,  viz.,  Physics  and  Chemistry,  either  of  which  may  be  takes  a 
preference  to  Latin  and  together  with  English.  Mathematics  and  Fieaeb  ^ 
German.  A  most  important  ianie  is  iaTolfed  hi  this  reoonuneDdatioa;  il 
cannot  be  too  atron^y  onposed. 

It  ia  wty  atnoge  and  proof  how  little  wa  are  aoensfcOBied  to  act  wukHmSj 
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or  to  otgauiae,  that  having  found  a  good  thing  we  rarelj  make  use  of  it.  In  the 
early  dm  of  aciontifiG  teaehing  the  elementary  parte  of  chemistry  and  physics 
were  taught  as  one  subiect;  but  gradually,  as  the  individual  eciences  develofNidy 
this  healthy  practice  fpfl  into  abeyance.  Then  thn^'  brought  its  revenge:  it  was 
seen  that  a  very  one-«ided  creature  waa  being  tmined  up ;  that  the  sul^ects  were 
in  rnality  interdependent  Moreover,  a  revolt  bad  been  ietting  in  against  the 
fornml  ateieoljped  manner  in  which  chemistry  waa  being  tangbt  in  the  schools ; 
this  came  to  a  head  about  1887,  and  a  better  policy  wns  irmu<3:nrated  by  the 
Reports  and  scheme  presented  to  Section  B  of  this  Association  in  Ibxd  and  18iX), 
wliicb  condemned  '  teat-tubing  '  in  favour  of  problem  work  and  led  to  the  introduce 
tioo  of  the  qnantifcaUTe  exercuee  which  are  now  generally  admitted  to  be  of  the 
fimt  importance.  Although  the  scheme  dealt  primarily  with  cbemiatiyi  being  the 
work  oi  the  Chemical  Section,  it  yet  had  a  physical  basis  ;  physical  measurement) 
in  fact)  was  its  life  blood,  and  all  the  earlier  exercises  prescribed  in  it  were  in 
eeaence  physical  exercises;  moreover  the  importance  of  paying  some  attention  to 
bio-cbemical  and  bio^phytical  phenomena  was  not  overlooked.  As  teachers  have 
plained  experience  of  the  educational  value  of  the  heuristic  methods  advocated  in 
lb©  I3ritijji  Association  scheme,  they  have  been  led  to  apply  them  more  and  more 
widely,  and  the  teaching  of  Elementary  Sciencb  has  in  consequence  been  regarded 
with  growing  favoor  oi  late  years ;  more  and  more  hae  been  done  to  give  it  the 
neceaaary  breadth  eo  as  to  conititnte  it  an  ^bcUve  system  of '  Nature  Study.' 

The  University  of  London— not  the  reconstitutf  d  body  nf  the  present  day^ 
\mt  the  much-abused  examining  body  of  the  past — after  careful  Inquiry  a  few 
years  a^o  advisedly  substituted  the  subject  of  General  Elementary  Science  for 
tlie  s^aoiie  eeieQeea  pievionaly  preeeribed  for  the  Matrienlatkm  Examination ;  by 
ao  doug  it  took  a  forward  atep  which  has  generally  been  admitted  by  those  who 
can  really  appreciate)  the  issue  to  be  one  of  the  most  important  possible  from  an 
educational  point  of  view.  But  the  syllabus  waa  imperfectly  drawn  tip-^ 
altbongh  it  nad  many  good  pointa — and  the  examination  waa  entrusted  to  men 
who,  besides  having  utm  eympath^  with  the  enbject,  had  scant  knowledge  of 
school  requirements  and  possibilities.  Consequently,  the  examination  was  a 
failure,  as  everyone  foresaw  it  would  be  if  conducted  without  proper  considera- 
tion. The  new  Uuivereitj  has  taken  the  mo$t  untcise  step  of  reverting  to  siogle 
subjecte.  It  hat  done  Ikr  worse  than  this,  however,  in  making '  ecience '  an  altenia- 
tive  subject.  Such  a  reversal  of  the  policy  so  long  pursued  by  its  forerunner  can 
only  be  described  as  a  National  disuater.  I  make  this  statement  with,  utmost 
consideration  and  trust  that  the  fact  that  it  is  so  pronounced  from  the  Chair  of 
thisi  Section  muv  |^ve  increaaed  furce  to  luy  opinion. 

It  may  be  elaimed  that  the  aetkn  taken  by  the  Ckimmittee  on  Military  EdnCM 
tion  is  in  harmony  with  that  approved  of  by  the  Senate  of  the  University  of 
l^ndoD.  The  only  comfort,  left  open  to  us  is  that  afforded  by  the  proverb 
that  two  wrongs  do  not  make  a  right.  Let  us  hope  that  wiser  counsels  will  ere 
long  prevail.  The  conseqoencee  of  peraeveranee  in  so  narrow  a  poliey  muat  be 
ver^  serious.  Consider  the  effeet  even  from  a  limited  professional  point  of  view. 
It  IB  widely  felt  that,  owing  to  the  growth  of  knowledge,  it  is  necessary  to 
specialise  if  we  are  to  do  effective  work;  but  this  does  not  mean  that  we  should 
be  uncultured.  We  know  that  the  very  contrary  ia  the  case  ;  that  there  waa 
wnt  a  time  when  genenl  knowledge  was  of  greater  Taloe  than  it  ie  at  the  pre* 
sent  day.  Yet  how  little  this  is  recognised.  The  physicist  is  already  unable  to 
understand  the  chemist.  And  although  the  biologist  is  attempting  to  unravel 
u\moat  transcendental  problems  in  chemistry,  be  has  but  the  most  rudimentary 
knowledge  of  the  subject.  What  intellectual  pigmies  we  ehall  be  if  we  pursue 
so  shortsighted  a  policy;  how  ineffective  must  be  onrtraatment  of  borderland 
problems.  How  little  right  men  of  8cit'nc^>  will  have  to  reprortch  those  who  have 
received  only  a  classical  and  literary  trainin*:  with  lack  of  general  culture  if  we 
remain  so  narrow  within  our  own  domain.  And  fromi  a  general  point  of  view 
the  outlook  is  still  more  serious.  The  objeet  of  introdneing  Experimental  Seienoe 
into  aobools  is  to  give  training  in  knowledge  of  the  world:  to  cultivate 
appraeiatioA  of  its  booties  and  mysteries.  To  do  this  inTolvt a  resort  in  some 
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meHOVB  to  all  the  teiaiiOM.  duBUfltnr  md  phjaics  are  put  fiat  mmtf  Iwwilii 
tbuj  ai-e  of  fundHmental  im]>ortance,  cliemical  Mid  pbyaieal  ohaiigaB  teiog  at  tkft 

root  of  all  natural  pheiiouK'na. 

As  to  the  value  ut'  '  Scieiice '  to  miiiiury  men,  it  is  easy  to  understand  thst 
tlioj  diould  have  little  conceptum  wlnt  it  may  do  for  thciii:  kmig  never  receiivd 
proper  training  bithrrto,  they  cannot  Lav**  had  iht-  opportunity  of  testing  its 
uaefulness  or  oi"  appreciatitiL' irs  merita.  But  malviujf  ail  allowance.'^,  ir  is  ditficult  to 
understand  an  answer  such  as  that  given  by  Lieutenant-Colonel  Murray  {i^.  4y^t0t>) 
to  the  Oommittee  on  Militaiy  EdaeaftioD,  Via.,  that '  SdaiiBB  ia  a  narrowii^;  atiidy 
for  the  young  mind,  and  we  want  to  widen  and  open  the  mind  as  much  as 
powible ;  let  them  learn  their  science  afterwards  *  (that  is,  after  the  entrance 
examination).  The  contention  of  the  advocates  of  '  Science  '  has  always  been  that 
of.  all  tttlneets  it  tends  moet  to  widen  and  open  the  mbd.  HThy  atlentioo  should 
he  specially  <^led  to  tiiis  answer  by  the  Committee  la  their  fefort  is  a  riddle; 
t  hope  it  was  bfcauHe  they  desired  to  Phow  they  could  ri'^e  superior  to  the  occn- 
aion.  But  the  idea  that  science  '  can  be  learnt  aiterwards  '  is  a  very  commoa  one, 
aadooeoftbeaiostpenueioasahroad.  Lesmiagfromboekssnd  teschetaisaisiy 
and  InsfiectiTe  method  of  learning ;  the  average  scholar  is  corrupted  at  an  earW  age 
by  exclusive  resort  to  mch  method!*.  Much  of  the  mental  inertnei^s  of*  th«'  day  i?* 
acquired  at  school  by  over«indulgeuce  in  book  study.  But  apart  Irom  tbia,  early 
youth  is  the  peiioawhen  the  mind  is  most  alert  and  tiie  «Man  to  aoqvire  and 
espsriment  greatest;  it  is  the  tinif  when  the  powers  of  observing  snd  of  reasooing 
tan  be  sno^t  eo'^ily  developed  into  fixed  habits;  in  fact,  if  they  are  not  then 
developed,  it  is  only  in  exceptional  canes  that  the  omission  can  be  rectitied  in  alter 
life.  It  is  too  cruel  that  Mr.  Shenstone,  the  one  witness  on  the  subject  heard  bv 
the  Committee  on  Military  Education,  fdiould  have  given  exprssaon  to  die  ill* 
considered  ()j)inion  that  the  beginning  of  the  study  of  Science  neoessnrily  comes 
Bomewliat  later  tlian  that  of  Latij).  The  statement  shows  how  prone  we  are  to 
draw  false  couclu^ioiii*,  how  httle  we  think  before  we  ^peak.  The  study  of 
Science  begins  when  tiie  infant  opens  ita  eyes ;  every  step  it  tains  whsn  it  toddles 
is  an  attempt  to  apply  the  methods  of  experimental  science;  some  training' In 
scientific  method  is  given  in  well-conducted  Kindergarten  schools;  but  wheu 
school  is  entered,  the  curtain  is  suddenly  drawn  upon  all  such  rational  study : 
if  it  bs  the  fate  of  the  obild  to  enter  a  Preparatory  ssliool  prior  to  enter iay  a 
Public  school,  he  is  st  once  i-efertod  bsck  to  the  times  of  the  Romans  and  Greeks, 
his  teachers  being  oblivious  of  the  real  lesson  to  be  learnt  from  the  study  of  the 
scholastic  methods  of  classical  timee :  that  the  training  given  to  the  youth  should 
be  sneh  as  to  fit  Um  to  do  bis  work  as  a  man.  H(m  can  oar  ollloei%  bow  can 
any  of  ua,  be  otfaarwiss  than  ill-'piepsfed  to  do  our  duty  in  the  world  when  wa  aia 
so  treated  as  yoathsP 

Of  course  all  such  narrow  views,  sll  such  narrow  aetioniy  as  those  I  have 

referred  to  are  but  consequences  of  the  lade  of  imaginative  power— of  ovr  failure 

to  make  any  acientifir  use  of  our  imagination.  Surely  it  were  time  we  recognised 
this;  that  we  sought  to  do  our  duty  towards  our  children.  An  Arnold  who 
could  introdaes  mmaHtylnto  sdiool  method,  not  merely  into  school  manners, 
would  be  a  preeions  gut  to  the  world  in  tbess  days.  Steeped  as  we  are  in 
medisdvalism,  we  need  some  cataclysm^^nae  outburst  of  glowing  sand  and  steam 
such  as  the  world  has  recently  witnessed  in  the  islands  of  Martinique  and  St. 
Vincent — ^which  would  sweep  away  preconceived  opinions  and  give  clearness  to 
the  atmosphere.  American  industry  is  distangniBhed  by  the  readiness  with  wbiob 
manufacturers  scrap  their  mnchinery  nnd  n'fit.  Why  cannot  we  agree  to  scrap 
our  s(  holnstic  pnd  academic  ideals,  if  not  our  schools  and  schoolmasters,  and  retit 
on  fcicientitic  linci!  r  If  we  are  to  weld  our  Empire  into  a  coherent  whole  and 
mslntain  it  intact,  we  must  do  so.  Unless  we  recognise  propbsta— if  progress  be 
allowed  to  depend  on  tUe  multitude— we  shall  perish.  And  time  presses;  we 
cannot  with  safety  much  longer  remain  ti '  nation  of  amateurs.'  An  appeal  most 
ere  long  be  made  to  the  masses  to  enforce  the  provision  of  leaders ;  it  most  be 
wged  upon  the  men  that  they  sse  to  it  that  tbsir  masters  are  edwated :  te 
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however  democratic  we  may  be  in  our  Idaalfl,  liittoiy  tmthoB,  in  a  mamiar  which 
admits  of  no  denial,  that  leaders  are  theatltof  the  earth;  and  in  these dayaleadeia 
need  a  deal  of  training  to  be  elective. 

Unfortunately  it  too  often  happens  that  those  placed  in  authority  ar^  the  xcry 
last  to  attempt  to  march  with  the  times.  Bodies  such  as  our  Universities,  the 
Education  Department  and  the  CSvU  Barvioe  Gommissionere  mij^t  have  been 
expoctod  to  lead  the  wny,  to  Itppp  the  most  ■watchful  eye  on  all  that  was 
happening,  to  note  and  apply  nil  iniprovemeuts.  The  very  contrary  has  been 
the  case.  As  a  rule,  they  have  advanced  ouly  uuder  severe  pressure  (rom  out- 
sidB,  acaicely  a  change  can  be  credited  to  their  initiatiTe.  It  doee  not  teem 
to  have  occurred  to  tliera  that  an  Tntelligoncn  T^cpiu  tment  would  be  a  desirable 
appendage.  All  autl't  r  Irnm  tlie  fatal  blot  that  discretion  and  authority  are  vested 
only  in  a  few  heads  of  departments ;  the  younger  and  more  active  spirits  have  no 
opportunity  granted  tiwm  while  thdr  ninda  aie  phutiCf  full  of  oonrage  and 
instinct  with  advance :  so  when  the  time  comes  that  they  can  act  they  have  lost 
the  desire  through  inanition.  This  is  the  terrible  disease  from  which  all  our 
public  offices  and  many  industries  suHfer.  It  is  right  to  accord  experience  its 
proper  Talnoi  but  it  is  wrong'  to  pat  aside  vouthfiil  energy  and  inTentiTeneea.  Onr 
American  cousins  owe  their  adfanoe  Ittgw^  to  tha  recognition  of  theae  facts. 

At  bottom  the  spirit  of  commerciRlism  is  the  cause  of  much  of  the  contorted 
action  we  complain  of.  Neither  Cambridge  nor  Oxford  will  take  the  step  which 
has  long  been  nimed  npon  them — and  never  more  eloquently  than  hv  the  Bishop 
of  Hereford  in  JUS  paper  read  before  this  Section  last  yeai^to  make  their  entranoe 
examination  one  which  would  l>e  in  accordance  with  our  knowledge  and  tlie  recog- 
nised needs  of  the  times,  one  which  would  have  the  etlect  of  leading  schools 
generally  to  impart  the  rudiments  of  a  sound  general  education.  They  cannot  act 
together  and  are  afraid  to  act  singly,  eadi  fbaring  that  it  would  prejudice  its 
entiyif  it  took  a  step  in  advance  and  in  any  way  pouglit  to  influence  the  Schools. 
The  Colleges  vie  with  each  other  in  securing  the  best  scholars  in  the  hope  of 
scoring  in  the  general  competition.  And  the  Schools  have  discovered  that 
snccflswo  gained  in  examinations  are  tlie  most  eflbetive  means  <tf  advertising :  they 
are  therefore  being  turned  more  and  more  into  establishments  resembling  those 
engaged  in  the  manufacture  of  jxite  de  fuie  i/ras,  in  which  the  most  cranimable  are 
tutored  without  the  least  consideration  of  the  manner  in  which  iilelong  mental 
blliousnesB  is  engendered  by  the  treatment.  Parents,  with  strange  perversity, 
worship  the  Bucce?8  achieved  by  Tom  and  Dick,  Mary  and  Jane,  and  think  they 
are  doinc-  their  duty  by  their  children  in  allowinir  tliem  to  made  use  of — for 
private  ends.  The  worst  feature  of  the  system  ia  the  narrow  spu'it  of  trades 
naioidsm  wfaicb  it  has  engendered,  whioh  leads  to  the  worship  for  ever  afterwards 
of  thoee  who  have  gainea  the  prizes,  instead  of  regarding  them  but  as  victofs&r 
the  moment  and  req airing  them  at  each  step  to  give  fresh  proof  of  power. 
Nothing  is  more  unwise  than  the  way  in  which  we  overrate  the  pretensions  of  the 
'fiiBt  class'  man;  we  too  often  make  a  prig  of  him  by  so  doing.  Those  who 
snooeed  in  examiuataoBS  are  too  frequently  not  those  most  fitt^  for  the  work  of 
the  world.  A  long  experience  has  convinced  me  that  the  boys  a  few  places  down  a 
class  are,  as  a  rule,  the  best  material.  Those  at  the  top  may  have  acquisitive 
powor,  hut  more  often  than  not  they  lade  individuality  and  the  power  of  exer. 
cfaing  inttiatiTO.  We  must  base  our  judgment  in  the  fbtnre  on  evidence  of  train- 
ing and  of  general  conduct,  not  on  isolated  examinations.  If  any  sinceritv  of 
purpoee  be  left  in  us,  if  any  sense  of  the  value  of  true  training — of  what  constitutes 
true  training— can  he  fesened  ftom  the  seholastio  wreck  on  which  we  find  our- 
selves at  present  embarked,  we  must  institute  some  form  of  leaving  examination 
which  will  give  the  rnquisite  freedom  to  the  schools  and  every  opportunity  for  the 
development  of  individuality  but  at  the  same  time  necessitate  thoroughness  of 
training  and  patient  regard  of  every  grade  of  intelli^nce ;  leaders  will  show  them- 
salvesimd  will  not  need  to  be  examined  for.  Examinations  as  commercial  entSN 
prises  must  suffer  an  enforced  bankruptcy. 

Kacinp-  studt*  must  bt>  regarded  an  luxuries  in  schools  and  kept  apart  from  the 
ordinary  stables,  these  being  regarded  as  the  tirst  charge  upou  the  establishment,  as 
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the  serious  work  of  tlie  world  will  fall  upon  their  oeeopftnts.  In  other  tnotfds,  speeSal 

provision  rau<?t  be  mudr  for  s^cholars  :  they  must  not  Ix'  allowed  to  monopolise 
att«'ntion  and  set  the  pace  to  the  detriment  of  ihe  majority.    When  C&rlyle  made 
the  statement  that  we  had  in  our  islands  a  j>upulation  of  so  many  miUiona,  moetlj 
fbob,  he  stated  whet  is  only  half  a  trath.   TTn  feilrfl  tn  rnnlisn  thnt  thn  fnnliriincii 
is  very  larfrely  begotten  of  neglect  and  want  of  opportunity,  not  innate.  Oar 
Hrhnols  moeily  fftil  to  find  out  the  intellijrence  latent  in  the  frreiit  majority  of  their 
pupils,  and  give  it  little  chance  of  developing  by  otl'ering  them  a  varied  diet  irom 
which  to  aelect.  During  a  long  experience  as  a  teaeher,  I  here  over  end  over 
again  seen  weeUiogs  develop  in  course  of  time  into  strong  men  when  they  have 
been  properly  encouraged  and  an  opportunity  at  last  found  for  the  exprcis«e  of  Un  it 
*  talents.'   The  Briton  is  in  this  respect  a  most  mysterious  creature :  jou  never 
know  when  it  is  safe  to  cell  him  a  fool.   All  are  agreed  that  the  nwteJbBe  is  the 
recent  war  were  not  due  to  lack  of  intelligence  but  to  lack  of  training.  Tlietv 
can  be  no  doubt  of  that.    All  who  have  taught  in  our  collt  g^t  .<i  ^vill,  I  ara  pure, 
agree  with  me  that  the  material  sent  up  from  the  schools  is  iu  t^uhstance  magnifi- 
cent hut  too  often  hopelessly  unfit  to  oenefit  ftont  lugher  teaching.  The  things 
said  of  those  who  enter  for  tbe  military  profession  are  as  nothing^  in  compariaoB 
with  what  could  be  said  of  those  who  enter  for  the  profe.«sioTi.s  generally.    If  onr 
young  people  fail  to  show  intelligence  in  later  life,  it  is  as  a  nde  because  the 
conditions  under  which  we  place  them  in  earlier  life  are  not  only  such  as  to  leave 
their  intelligence  undeveloped  but— what  is  far  worse— such  as  to'  mar  their  ability. 
The  ho^t  ri-tnrn  we  can  make  to  tlifo^e  who  did  such  inagniticent  service  in  the 
late  war  will  be  to  take  to  heart  the  real  lessons  taught  by  the  mir^take?:  t<> 
see  to  it  that  their  children  and  their  successors  generally  are  trained  in  a  happier 
achool  than  that  in  which  they  were  placed. 

Kxamining  bodies  at  the  present  tune  do  not  appear  to  realise  the  full  measure 
of  their  ref^ponsibility.  To  examine  well  is  ut  all  times  a  difticult  task,  far  more 
dilHcult  than  to  teach  well.  The  examiner  wields  a  large  measura  of  authority 
and  it  is  imperative  that  he  should  exercise  this  wisely.  RgaminerB  shoaH  there* 
fore  be  chosen  with  extn'm»^  rnre  and  with  due  n^gard  to  their  fitnea  for  th» 
work;  but  til !«;  too  rarely  happens:  the  choice  fallf*  too  freouently  on  specialists 
with  little  knowledge  of  educational  requiremeuts  and  poMibilitje&.  The  examina- 
tion of  boys  and  girls  is  £ir  too  often  put  into  the  hands  of  thoee  who  hnve  no 
real  knowledge  of  the  species  and  littl>>  -ympathy  with  its  ways. 

There  on*  three  courses  open  to  examining  bodies — to  lead,  to  maintain  them- 
selves  just  abreat^t  of  the  times,  to  stagnate.  As  a  matter  of  fact,  the  last  is  that 
almost  invariably  chosen— « .syUabus,  when  once  adopted,  remaining  in  (biee 
year  ailter  year.  Consequently,  examinations  tend  to  retard  mtiber  tlian  to  favovr 
the  introduction  of  improved  methods  of  teaching.  It  is  im possible  to  justify  a 
policy  which  has  such  results.  The  evil  ellect  of  examinations  would  be  less  if 
the  syllabus  were  abolished  and  the  limits  of  examinalMns  Tory  broadly  Indi- 
cated ;  this  is  done  in  some  cases  and  might  be  in  ell.  The  incompetent  examiner 
and  teacher  are  not  in  the  l-  .i^t  helped  by  the  conventional  curt  .syllabus,  hut  the 
liberty  of  action  of  the  comuetenl  examiner  and  teacher  and  their  desire  to 
improvements  are  meterielty  limited  by  it.  The  eompeteot  emminer  ahoold 
know  what  is  a  fair  demand  to  make  of  a  particular  class  of  students  end  ahonUL 
be  in  a  position  to  take  count  of  the  advances  thnt  are  beinc  made;  tlie  com- 
petent teacher  i«hould  be  able  to  do  all  iu  his  power  to  make  the  teaching  etfective. 
and  bti  secure  in  feeling  that  his  effbrte  could  not  fail  to  be  appreciated.  To  take 
my  own  subject,  the  chemistry  syllabus  recently  laid  down  for  the  London 
Matriculatinn  examination  is  quite  unsuited  to  itf«  purpose  and  most  hopelessly 
behind  the  times.  The  scheme  put  forwaixl  iu  the  report  of  the  Committee  on 
Military  Education  is  but  a  bag  of  dry  bones.  In  the  case  of  several  subjects, 
the  South  Kensington  schemes  are  fUll  of  the  gravest  faults,  their  hoary  antiqui^ 
hein^  their  least  objectionable  feature.  Surely  a  national  institution,  dispeo-in^' 
]tublic  fuiulp,  should  be  the  last  to  hold  back  the  nation  ;  it  should  be  provided 
with  machinery  which  would  enable  it  to  march  with  the  times.  In  makiug 
this  ciitiGism  I  should  like  to  recogaiee  the  great  work  done  by  Sir  WilUiai 
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AhoBj  in  inttitaiing  roforms ;  but  one  swaUow  does  not  make  a  aummer :  a  self- 
acting  governing  mechanitm  ia  needed  whieh  would  at  all  timea  maintain  the 

WfTlt**^  of  practice  with  progress. 

If  we  consider  the  process  by  which  decisions  on  sucli  matters  are  arrived  at 
even  in  the  bodies  representative  of  very  large  interests,  it  is  a  curiously  imperfect 
one.  Uanally  very  few  individoala  ara'eonoerned.  We  are  all  ttill  imbued  with 
primitive  instinetH.  In  some  way  two  parties  arise  and  the  queatiott  ia^  which 
shall  conquer  ?  More  often  than  not  the  true  inwardness  of  the  issue  presented  is 
left  out  of  account — the  considered  opinion  of  the  day  is  scarcely  askod  for  or  if 
opinions  are  collected  they  are  not  weighed.  Therefore  calm  reason  is  rarely  the 
arbiter.  The  oonditiona  of  modem  civiliiation  require  that  aome  better  method 
shall  be  devised  which  will  really  enable  us  to  do  that  which  would  be  of  the 
greatest  |;^ood  to  the  greategt  number.  AVe  do  not  sufficiently  remember  that 
while  we  are  tilting,  the  enemy  at  our  gates  is  contemplating  our  failure  to  muin- 
tiuii  and  strengthen  our  fbrtifieationa  and  quietly  adTanemg  hia  foroea  to  the 
attack.  Speakinn^  of  the  Navy  m  tlie  House*  of  Commons  not  long  a<ro, 
Mr.  Arnold  Forf^ter  mid :  •  There  was  a  need  for  some  reinforcement  of  the 
intellectual  equipment  which  directed,  or  ought  to  direct,  the  enormous  forces  of 
our  Kmpire.'    Purely  we  may  take  these  words  as  true  generally. 

At  the  present  time,  when  the  retiioniillility  of  controlling  all  grades  of 
education  is  about  to  be  cast  upon  the  community  and  the  actual  call  to  arms  ia 
imminent,  it  is  imperative  that  a  sound  public  policy  should  be  framed  and  that 
nothing  should  be  allowed  to  atand  in  the  way  of  the  public  good.  It  cannot  be 
denied  tlmt  School  Boards  have  done  moat  admirable  service  ;  but  there  are  many 
who  are  convinced  that  in  not  a  few  respects  they  have  been  disastrous  failures  : 
that  we  need  a  wider  o:g-anisution,  penetrated  with  sounder  and  especially 
with  more  practical  views.  The  one  essential  condition  of  success  is  tnat  the 
pofalie  ahouid  treat  tiie  matter  seriously,  realising  that  their  own  immediate 
intezeats  are  at  stake ;  that  thej  will  be  the  fint  to  suffer  if  those  who  are 
cho.«en  hy  them  to  fonnulnte  the  new  policy  and  to  supervise  the  work  of  educa- 
tion  are  unqualified  aud,  let  me  add,  to  emphasise  my  nieuuing,  unpractical,  if 
the  State  is  to  retain  any  measure  of  authority,  it  too  must  be  prepared  to  exor- 
cise that  authority  wisely.  The  blame  to  he  put  upon  School  Boards  in  England 
for  having  allowed  an  unpractical  system  of  education  in  the  schools  is  as  nothing 
coiiipared  with  the  blame  to  be  put  upon  the  Education  Department  for  having 
nllowed  such  a  system  to  grow  up  by  the  adoption  of  academic  ideals  and  academic 
maehinery.  Until  leoently,  it  was  a  disqiudification  for  an  inspector  to  have 
teaching  experience.  A  good  dq<ree»  if  not  political  influence,  was  the  one  qnali« 
fication.  Conseqtiently  men  were  cho8en  whose  practical  instincts  had  never 
been  developed,  who  knew  nothing  of  practical  life  and  of  cnmmon-])lnce  require- 
ments, nuthmir  of  children  and  their  wayc> ;  witli  rare  exceptiou«i  the  iiispec- 
ton  ooold  look  at  education  only  ftom  between  literaiy  blmken.  To  intensify 
the  evil  the  wicked  system  of  payment  by  resulta  waa  introduced.  An  inspeot(» 
such  as  I  have  described,  worlunjg  under  auch  a  syatem,  could  not  do  otherwise 
than  destroy  teaching.^ 

The  first  necessary  step  to  take  will  be  to  reorganise  the  Education  Department, 
root  and  branch;  to  unbne  it  throughout  with  si>\iud  ideals  and  lead  it  to  under- 
>>rand  it.s  great  importance  as  the  head  centre  of  ihe  lulncational  system  :  for  dis- 
e-;t^bli.>^h  as  we  may  and  however  much  we  may  favour  local  .self-government,  a  head 
centre  there  must  be  to  correlate  the  ellbrts  made  throughout  the  country  and  to 
distribote  wisdom ;  Imt  its  functions  will  be  those  of  an  exchan|;e  and  inquiry  office 
rather  than  directive  and  assertive.  At  least,  mch.  ia  my  reading  of  the  tendency 
of  the  Zrif<ffngt.  Such  a  Department  will  have  an  Intellitrence  Boanl,  whose 
members  are  partly  ofiiciai,  partly  unoffidali  so  that  it  may  maintain  itself  in 

'  The  inspector  destroys  teaching,  because  be  is  buuud  by  law  and  necessity  to 
escamine  aoooiding  to  a  given  pattern;  and  the  perfection  of  teaching  is  tbiit  i( 
does  not  work  by  a  given  pattern  (Thrhig). 
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constant  touch  with  outxiJe  opinion  and  effort.  One  function  of  thia  BoAxd.  will 
be  to  pivsld*'  Jit  a  monthly  hfiiitire  of  red  tape  and  official  formi? ;  for  in  future, 
even  it  no  other  bubject  ot  liovernment  concern  be  kept  in  a  lively  and  living 
itote,  ediMttioii  most  iaftUiUy  be.  The  whole  steff  of  the  olBee,  fiiqMing  die 
inqnectorate,  will  be  required  to  avail  itaelf  of  that  most  valuable  institution,  the 
aabbattcal  year,  i.fi.,  to  spend  every  seventh  year  in  eome  other  employment,  so 
that  they  mav  not  forget  that  the  world  haa  ways  sometimes  ditferent  from  tlum 
pictured  within  the  oflioe  which  it  is  edvisiAle  to  take  note  of  in  edneadka. 
llefreAhed  and  inTigonted,  thsj  will  ntnra  to  work,  prepared  to  sacrifice  all  Mils 
of  traditions  and  to  recognise  the  existence  of  short  cuts  acrosH  fields  wliirh  had 
before  appeared  to  be  of  interminable  dimenaioud ;  and  as  it  will  be  required  that 
they  spm  ft  certsin  propoition  of  their  dose  time  In  the  company  of  chiMieit  Jf 
thej  heye  none  of  their  own — ^they  will  learn  that  a  child  has  ways  end  viswa  of 
its  own,  none  the  lew;  interesting  and  worthy  of  conaideKation  *wfimw  tlmy  an 
somewhat  different  from  those  of  ^rown-up  people. 

It  is  fortunate  that  the  Technical  Education  Movement  has  been  eoinddeot  ia 
England  with  the  development  of  the  School  Board  system.  Those  enffag«d  in  it 
have  worked  tintramTnelled  by  ofTicial  requirements  and  much  orif^nal  thought  has 
been  enlisted  iu  it8  service.  In  essence  it  has  alwavs  been  a  revolt  against  tbe 
academic  ideals  permeating  University  ednoation  and  the  schools  generally  ;  the 
&ulta  of  the  schools,  in  fact,  ai-e  the  move  obviona  in  the  light  of  experience  gained 
in  technical  education,  which  will  now  come  to  our  aid  in  correctinjr  them. 

Tilt'  really  .^erious  tftisks  before  those  who  direct  the  work  of  education  in  the 
iuimediute  future  will  be  the  choice  of  a  programme  aud  the  provL^ion  of  capaltie 
teaehsn.  If  they  enter  on  these  tasks  with  a  light  heart,  God  help  our  nation; 
they  will  thereby  give  proof  that  they  have  no  true  conception  of  the  great  rejpon- 
sibility  attaching  to  the  position  thny  occupy.  Let  no  man  offer  himffilf  jfoy  \^ 
work  unless  he  feel  certain  that  lie  is  in  some  decree  qualified. 

As  to  the  programme,  it  may  be  said  that  that  ia  finr  llie  teaehwi  to  setde; 
and  »o  it  should  be.  But  it  cannot  be  denied  that  by  long-continued  neglect  to 
read  the  writinsr  on  the  wall,  they  have  lost  the  claim  to  legislate  ;  they  have  shown 
that  they  do  not  know  how  to  legislate.  The  public  must  lay  down  the  programme 
in  its  broad  outUnea ;  tsaehers  must  flU  in  the  details.  Tob  task  imposed  upon 
the  schools  will  be  to  develop  the  faculties  generally — not  in  the  lop^iaed  """Tf 
customary  lieretofore — and  especially  to  def^p  thought-power  in  all  ita  ibrsss 
and  the  due  applicatiou  of  thought -power. 

I  believe  umt  gradually  a  complete  rerolntion  must  take  place  in  aehool  mo- 
osdnre;  that  the  Bchool  building  of  the  future  will  be  altogethtt  different  from 
the  conventional  building  of  to-2ay,  which  is  but  an  expansion  of  the  monkish 
cell  and  the  cloister.  Instead  of  being  a  place  fitted  only  for  the  zeanng  of  what 
T  haTe  elsewhere  termed  desk-ridden  emasenlates,  the  sehool  irWL  be  for  the  meet 
]iart  modelled  on  the  worlcshop,  giving  to  this  term  the  most  varied  meaning  pos- 
sible :  a  great  part  of  the  time  will  be  spent  at  the  work  bench,  tool  in  nand. 
Nature's  workshop  will,  of  course,  be  constantly  utilised,  and  the  necessary  provi- 
sion will  be  made  for  outdoor  exercise  and  physical  training.  Scientific  method 
will  underlie  the  whole  of  education. 

It  will  he  recognised  that  education  has  two  fides,  a  literary  and  a  practical: 
that  the  niiTul  can  work  throu^Mi  lingers;  in  fact,  through  all  the  senses;  that  it  \> 
not  embodied  only  iu  the  so-called  intellect,  a  narrow  creation  of  the  schoiiis. 
The  pffaetieal  training  will  thersfore  be  regarded  as  at  least  equal  in  impoitanes  to 
the  library.  Heads  of  schools  will  not  only  be  potential  bishops:  alm<>>t  all 
careers  will  be  open  to  th«>ni.  In  fact,  I  trust  the  sy>tem  will  be  in  <>perati'in 
which  I  have  already  advocated  bhould  be  applied  to  the  iulucatiou  l>epartment: 
that  the  members  of  the  sehool  staff  will  be  fovoed  oat  into  the  woiid  at 
stated  intervals,  so  that  they  may  not  degenerate  into  pedants  capable  only  of 
applying  set  rules  much  after  the  luannorof  that  delightful  Cieation  BeckmesssT 
iu  V\  agner's  opera  'Die  Meiatersinger." 

The  class  system  will  be  largely  abandoned.  OhSMren^  achool  time  wiA  not 
be  chopped  up  into  regulated  periods  in  n  manner  whiioh  floda  no  uakgy  in  tiM 
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work-a-day  world :  instead  they  will  htm  ontetn  taaki  oonfided  to  tliem  to  do  and 

will  be  nllowed  consiilMrable  latitude  in  carrying'  them  to  completion.    In  fict,  they 
will  be  treated  a«  rational  beings ;  their  individuality  and  8elf-re^^ct  will  be  de> 
veloped  from  the  outset.    The  Boer  War  will  have  taught  u&  to  adopt  open  order 
teaenng  as  well  as  open  Mder  firing.   Schools  will  glory  in  turning  out  inaividuiib, 
nor.  machines.  The  success  of  the  Americans  is  largely  ^ue  to  the  way  in  which  Re- 
publican d<x:trines  are  applied  to  the  up-bring-inj?  of  children  in  America.   We  must 
I'allow  their  example  and  set  our  children  i'ree  and  encourage  them  to  be  free  at 
•n  eatly  ttff^.  The  ImiiMui  wrionl  d«?fllope  at  a  ■uffiaently  alOw  rate  In  all  oon* 
•cience;  there  is  little  iie<'d  for  man  to  retard  his  own  development.  Sduxri, 
with  its  checks  upon  freedom  and  individuality,  should  be  quitted  at  seventeen  at 
latest,  I  believe,  and  all  subsequent  sysNniatic  traininir  should  take  plfice  at 
collie.    Boys  are  kept  at  school  after  seventeen  mainly  for  the  purposes  of  the 
aehoM.  It  ia  elahnaa  that  bj  xemamm  thaf  gain  mott  Yalnalila  anarianea 
actiDfr  as  monitors  and  prefects;  Imt  tbia  azparianea  it  enjoyed  only  ay  the  few 
and  might  be  obtained  at  an  earlier  n^p.    Then  it  i«  said  that  seventeen  is  too 
early  an  age  to  enter  Oxford  or  Cambridge,  but  this  has  only  been  the  case  iince 
aehoola  iunre  rttained  boyt  to  prepare  them  for  examinatione  and  in  order  that 
thej  might  assist  in  the  mauapfemant.    I  believe  that  the  attempts  which  have 
been  made  in  these  latter  days  to  do  college  work  at  schools  and  to  establish 
enirineering  sides  in  order  to  find  work  for  senior  boys  have  had  a  most  detri- 
meiiLal  etiect.    It  is  said  that  the  training  given  in  technical  schools  is  too  far 
mnovad  froai  praetiea;  hut  how  maeh  more  mutt  tbb  ba  true  of  tadiaieal  work 
done  under  school  condition.s?   The  excessive  devotion  tO  lifcaimry  methods 
ffivovired  by  schools  and  the  older  rniversities  tend*  to  develop  unpractical  habits 
which  unfit  many  to  face  the  rough-and-tumble  life  of  the  world  and  is  pro- 
ductive of  a  disinclination  for  practical  avocations.    By  leaving  school  at  a 
properiy  early  period  thia  daagar  la  aomewhat  iMsened ;  moreover  it  is  necessary 
in  ninny  walks  of  lift'  that  school  should  be  left  early  in  order  that  the  school  of 
practice  may  be  ent^»red  sufficiently  soon  to  secure  the  indispensable  manual 
dexterity  and  habits.   For  a  long  time  uast  we  have  been  drifting  away  from 
the  piaietical;  thoea  who  am  aeqoaivtoa  with  tlia  wofh  of  tha  araools^  espe* 
cially  the  elementary  schools,  are  aghast  at  the  influence  thay  ava  axMdaiog  in 
hindering  the  development  of  practical  ability.   We  must  in  some  way  counteTact 
this  t*»ndency.    On  the  other  hand  we  have  to  meet  the  views  of  those  who  very 
properly  urge  that  it  is  cruel  to  withdraw  children  from  school  even  at  the  age 
we  do.  Tha  two  viewa  most  in  seme  way  ba  laeoaeilod.  The  only  way  will  ba 
to  M>  improve  the  teaching  in  ichools  that  school  becomes  a  ]>alace  of  delight  and 
the  continuation  school  a  necessity.    The  habits  formed  at  school  should  be  such 
that  study  would  never  be  intermitted  on  leaving  school.    At  present,  school  so 
natBseatet  tha  majority  that  on  quitting  it  they  have  neither  desire  nor  aptitude 
to  study  left  ia  them :  the  work  dona  in  it  ia  so  iai|K»Bibla  to  tiaoalate  Inta 
ordinary  practice,  so  foreij?n  to  outside  requirementa. 

The  prnhleni  can  only  be  solved  by  the  scieutitic  iLse  of  the  imai^ination.  I  he 
solution  i  would  venture  to  otler  is  that  an  honest  attempt  be  made  to  teach,  not 
only  the  three  B'^  bat  abo  a  fourth,  Raatoniiig— the  use  of  thought-power~4Uid 
tliat  a  propariy  wide  meaning  ba  giran  to  all  the  K's. 

Of  nil  powers  which  cnn  be  acquired  nt  ^hool.  that  of  reading  is  of  first  import- 
ance. Let  teachers  read  what  L'arlyle  says  in  the  'Hero  as  Man  of  Letters,' 
correcting  his  exaggerations  by  reading  into  his  words  some  of  the  lessons  taught 
by  ezperunental  soienoe.  Beading  is  not  taught  in  schools  in  these  days;  if  it 
were,  people  would  not  waste  their  time  on  the  rubbish  which  now  figures  as 
literature,  for  which  a  mtionnl  substitute  munt  fff  found.  A  well-read  man 
is  worshipped  at  the  Universities  and  is  held  up  to  all  comers  us  a  pattern.  Why 
ahonU  not  eUldiott  ba  encouraged  to  ba  *  wall  read'P  Let  na  admit  ihta  and  sow 
hooka  in  thab  path.  Thring,  in  (riving  utterance  to  his  '  Practical  Thoughts  on 
Education  after  Tlurty  Years'  Work,'  speaks  strongly  on  this  point.  'Great 
ix>k]»st  wiU  make  up  lor  want  of  time.    Create  |preAt  interest^'  Ud  sa^s* 
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These  are  noteworthy  words.  '  As  toon  as  children  can  read  throw  away  ail 
leMon-bookt  for  a  time.  Let  them  read.  Let  them  read  aloud — reallj  r«a^  not 
tamUe  throagh  the  pages.  Give  them  to  r^d  poetry ,  the  Uvea  of  guod  men, 
narratives  of  noblf  deedn,  historical  stories  and  historical  nnvel'j,  >>o<>ks  of  travel, 
and  all  the  fa.*oinHtinjr  literature  of  discovery  and  adventure.  The  person  who 
has  once  learnt  lu  read  well  is  tempted  to  go  on.  And  such  books,  selected  by  a 
carefully  gaduAtod  tdienie,  would  supply  endless  knowledge  whilst  kindling  ih» 
mind,  without  any  waste  of  tiiuf  from  drudgeri' and  dl-^u>t.  Cieograp^,  Ufloryy 
and  ]lo^^■er  of  spc'ech  ure  all  comprised  in  «\ich  lx)ok8  if  propt-rlv  U'^d. 

Thnug  here  advocates  what  I  would  advocate — thu  incidt^al  method  of 
tcMhuiff.  Why  slionld  there  be  way  set  leaon  in  mbjeeto  eodi  hirtocj  ead 
geograpliy  ?  Nothing  is  worse,  more  stereotyped,  more  crarapinp  to  the  intellect, 
than  toe  pet  le5Son  of  so  many  lines  or  pajres,  of  a  sort  of  Liebi^j's  Essence  of 
information,  with  the  attendant  obligation  of  committing  the  facts  recorded  in 
them  to  BMBory.  Tba  ehild,  like  tlie  reiCive,  lugb-nieitdea  young  eleed,  tnate  te 
b«>  ofT  and  ftway^not  to  be  held  seTerely  in  hand.  Whj  should  not  the  method 
by  %vliirh  we  pet  up  a  subject  in  later  life  be  followed  m  schools?  At  l^^ast  it 
should  be  properly  tried.  Let  us  give  freedom  to  children  and  at  least  during 
eeriy  Tears  lead  them  to  reed  hard  and  wisely  :  they  will  do  so  gladly ;  snd  five 
thsm  pictures  innumerable  in  illustration  of  their  reading.  And  children  most 
not  only  be  taught  to  read  book.«i :  they  must  learn  sIh)  to  regard  and  use  them  as 
BQuroes  of  information ;  the  habit  of  flying  for  information  to  books  must  be 
enltivsted.  They  mnet  he  eonttenfly  referred  to  dieUooeriei  end  woefce  of 
reference  ^nerally ;  they  must  be  set  to  hunt  up  all  sorts  of  storier^.  Of  couae 
the  tioholastic  IWkmcsser  will  object  that  such  a  system  is  impossible,  that  there 
would  be  sn  end  to  ull  discipline ;  but  to  sey  this  is  to  show  a  want  of  under- 
standing of  children  and  of  faith  in  them,  end  is  proof  of  fiulnre  to  reeogaase 
their  power  of  accepting  responsibility  when  it  is  nroperiy  put  upon  them.  The 
secret  of  success  lies  in  begmning  sufficiently  early ;  once  let  them  appredale 
what  they  are  doing  and  the  majority  will  work  eagerly  and  spontaneously. 

13ut  when  the  full  meaning  is  given  to  the  first  of  the  R's,  it  will  be  hdd  to 
eorer  not  onlv  the  readio|r  P^ted  written  duuracter  but  also  the  readUag 
of  some  of  ^HtureV  nigns,  to  tin-  nid  that  pennons  may  be  discovered  in  stones 
and  g^ood  in  evf>rytliinfr.  That  is  to  say,  at  the  same  time  that  they  are  acquiring 
the  true  art  ot'  reading,  they  must  be  learning  the  true  art  of  experimenting — to 
find  out  things  by  putting  questions  of  their  own  and  obtaining  direct  anawim. 
The  teachin-:  of  the  elements  of  experimental  science  must  therefore  accompany 
the  teaching  of  reading.  And  great  csre  mu.>t  be  exercised  that  the  palate  '(or 
experimenting,  for  results,  is  not  spoilt  by  reading.  The  use  of  text-books  mu»t 
he  most  carefully  avoided  at  thie  etage  in  order  that  that  whi^  ahonid  he  dieiced 
hy  experiment  is  not  previously  known  and  merely  demonstrated— a  most  inferior 
method  from  any  true  educational  point  of  view  and  of  litUe  value  as  a  means  of 
developing  thought-power.  I  regard  Huxley  s  physiography,  for  example,  as  a 
type  of  tM  book  to  be  avoided  until  method  haa^  nen  fully  maelered.  liie  great 
d^flksnlty  in  the  way  of  teaching  the  art  of  reading  arises  from  the  comparative 
paucity  of  readable  books  for  young  people.  Text-books  are  not  readable ;  in  fact, 
they  tend  to  spoil  reading ;  and  the  maiority  of  books  are  written  for  grown-up 
people  having  oonsidemhle  experience  of  the  world.  The  mielake  ia  too  commonly 
made  of  expecting  children  to  roaster  '  classics.*  On  the  other  hand,  we  nerd  not 
fear  allowing  advanced  books  to  fall  into  the  hands  of  children  ;  they  are  the  first 
to  despise  the  namby  pambv  stuti'  that  is  too  frequently  ottered  to  them.  A  nev 
liteiatuie  maet  he  created,  if  edncatiott  ie  to  he  put  on  a  eoond  baeie ;  Boaaeduaf 
beyond  mere  word  painting  is  required.  Books  are  wanted,  written  in  a  hci^ft^ 
attractive  and  simple  style,  full  of  accurate  informatifm.  which  would  carry  m 
over  the  world  and  give  clear  pictures  of  all  that  is  to  be  seen  as  well  as  of  the 
character  and  customs  of  ite  inhabitants ;  and  books  are  wanted  which,  in  like 
manner,  would  carry  us  back  in  time  and  sketch  the  history  of  the  peoplee  of  Ae 
e^tb«  The  various  hrinchea  of  acienoe  all  need  their  popular  expcBenta;  oar 
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books  are  for  the  most  part  too  technical ;  whilst  much  has  been  done  to  advo* 
cate  the  introductiou  of  *  science '  into  peneml  edticatton,  little  has  been  done 
to  make  this  possible.  Unfortunately  those  who  attempt  to  write  readable  books 
are  too  frcrquently  not  those  who  poaaeaied  of  sound  knowledge  :  it  is  time 
that  it  were  realised  hj  those  who  oould  write  well  and  accurAtely  that  there 
is  a  duty  incumbent  upoti  them  ;  on  tlio  other  hand,  something  should  bo  done  to 
stem  the  torrent  of  text-books  which  is  now  Hooding  the  field  of  education  with 
the  destroying  force  of  a  deluge,  making  proper  reading  impossible. 

The  true  use  of  hooka  has  yet  to  be  found  and  admitted ;  we  do  not  eufBeiently 
recognise  their  value  aa  stores  of  informatinn  and  savers  of  brain  waste.  Why 
ahould  long  trains  of  facts  ho.  coimnittt  'l  to  mptnorv  lint  Id  he  fcir^nittcn  ?  It  is 
impossible  to  believe  that  such  a  process  i.s  ui'.'Dtal  training ;  it  nm&t  involve  loss 
of  oiavgy  and  mental  degradation.  In  future  we  must  give  the  tratninfr  at  leae 
cost  and  teach  the  art  of  going  to  books  for  minutf  details  -whcnpyfr  tht>v  are 
wanted.  Nearly  every  pubject  is  taught  in  an  eminently  seltish  mftimer  ni  the 
present  time,  the  expert  declaring  that  the  learner  must  become  acquainted  witii 
all  tlie  main  faotaof  the  subjeet,  inateadof  reoogniaing  that  it  ia  far  more  important 
to  acouire  knowledge  of  first  principles  together  with  ^  powmr  of  aoqnlnng  the 
knowledge  of  facts  whenever  these  biKjnrae  necessary. 

The  second  R  may  be  held  to  cover  not  only  mere  writing  but  aUo  composition. 
Why  ia  tlie  art  of  eoBunoaition  taught  so  badly  P  Beoaoae  it  ia  impoaaible  even  for 
ehildren  to  ual  '>  bricn  without  atraw:  they  have  little  to  write  about  under 
Cfdioary  whool  conditions.  The  subject  is  also  one,  I  believe,  which  must  be 
taught  iucideutaUyi  at  least  during  the  earlier  prears,  and  chieHy  in  connection 
wifcB  tlie  experinaiital  work;  in  Ihct,  to  make  tbia  lait  tiie  tnuni'ng  it  ahoidd  be, 
an  abaolnte  record  of  all  that  ia  done  must  be  proporly  written  ont,  and  while  the 
work  is  being  done  too.  Many  teachers,  I  know,  shy  ftt  this,  and  say  that 
it  is  their  business  to  teach  *  Science,'  not  literary  style ;  but  they  are  wrong : 
they  muat  inevitably  aeoe^  the  borden  if  they  are  to  auoceed  in  teaching '  Sctenoe ' 
at  all.  An  experiment,  like  an  act, '  hath  three  branchee ' — to  oonoeiva^  to  do,  to 
utilise:  a  clearly  defined  motive  muat  underlie  it;  it  must  be  properly  executed  ; 
the  result  must  be  interpreted  and  applied.  It  is  only  when  the  motive  is  clearly 
written  out  tkat  it  ia  clearly  understood — that  the  meaning  or  intention  of  the 
experiment  ia  dearly  gra^^ped  ;  and  this  is  equally  true  of  the  result.  Of  course, 
it  IS  necessary  to  proceed  plowly  and  not  to  demand  too  much  from  heginnort* ;  but 
it  is  surprising  how  the  power  grows.  Drawing,  of  course,  must  be  included 
under  the  second  R ;  but  this  also  may  with  advantage  be  taught  incidentally  and 
only  receive  individual  attention  at  a  later  stage,  when  thoae  who  ahow  aputude 
in  the  incidental  work  have  Iwen  selected  nut  for  hifrher  instruct  inn. 

The  third  R  must  be  held  t-i  cover,  nut  merely  the  simple  rules  of  arithmetic, 
and  all  that  is  necea»ary  of  formal  matiieuiutics,  but  aliK)  measurement  work. 
Valhematics  claima  to  be  an  exact  aubject :  therefore  it  muat  be  treated  exactly 
and  made  the  means  of  inculcating  truining  in  exactness ;  not  on  paper  merely 
but  in  fact.  Moreover,  pliyt^ieal  science  reposes  on  a  busis  of  exact  measurement, 
so  that  the  introduction  of  experimental  work  into  schools  involves  the  introduc- 
tion of  meaaurenent  wwk  aa  a  matter  of  eoume. 

The  fourth  R — Reasoning — will  necessarily  be  taught  in  connection  with  every 
subject  of  instruction,  not  specifically.  It  is  introduced  as  marking  the  absolute 
need  of  developing  thought-power  ;  and,  in  point  of  fact,  should  be  put  before  all 
othen  in  importance. 

Under  such  a  ayatem  as  I  suggest  the  time  of  atndy  would  be  .^pent  in  two 
ways — in  reading  and  experimentmg.  Rut  whatever  we  do  let  us  be  thorough; 
the  danger  lies  iu  attempting  too  much,  too  many  thinffs.  Each  step  must  be 
taken  alowly  and  warily  and  a  aeeure  poeinoD  eataUithed  before  going  ftirtbtr. 

Ireland  i-?  fortunate  at  the  present  time  in  that  fnr-reaching  changes  are  being 
introduced  into  its  educational  system.  A  body  of  men  are  engaged  in  this  work 
who  are,  I  believe,  in  every  way  specially  i^ualitied  to  promote  refgrms  and 
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earnestly  dewroiis  of  rle\ clojilnfr  a  aound  jxjlicy.  Th«^  Irish  people  have  rich  powers 
of  imagination  such  a.-*  iv>  otht  r  section  of  the  nation  pos^^esses :  it  is  only  iiervswrr 
tb&t  these  powers  be  trained  to  cun:>idered  and  balanced  action  to  make  the  Inih 
9Kft3b]B  of  deeds  before  which  the  eplendid  achieTflaieDte  of  the  peat  will  appear  aa 
DOthint:.  Of  course  the  development  of  a  true  policy  must  come  nln.ut  -.lowly, 
and  we  must  not  h*}  too  irapotient  of  results,  but  give  every  ♦  iicouiHiri'ment  :tii(i  adl 
possible  support  to  those  engaged  in  the  work,  it  is  before  ail  tilings  Dece»MurY  to 
femenhertbat  the  aehool  ia  a  preparation  for  lUe,  not  fertile  inspectoi^aTiflt;  in'tha 
ftature  the  inspector  will  act  more  as  adviser  and  friend,  let  us  hope,  than  aa  mentor. 

Turning  to  my  own  subject,  the  pro^rramnu'S  laid  down  lor  primary  and 
intermediate  achooU  appear  to  me  to  be  well  thought  out  and  full  of  proouae, 
the  only  fonlt  that  I  niffht  he  iodined  to  find  hein^  that  perhapa  they  are  we 
what  too  ambit iou.s.  But  vary  able  men  are  directing  the  work  who  ahould  be 
able  to  f«ee  that  thomughneas  i«  aimed  at  before  all  thinps.  Nothing  coiild  be 
more  gratifying  than  Mr.  Ueller'a  statement  in  the  lieport  for  liKXJ,  '  that 
the  Inah  teaehen  aa  a  whole  aeen  to  posaces  a  great  natnnl  taste  and  aptitoda 
for  seisare  and  the  method  of  experimental  inqairj.'  May  they  seek  to  set 
the  p\ani|  Ic  which  is  sorely  needed  to  teachers  in  other  parts  of  the  Kingdom. 
I  fear  there  has  been  a  good  deal  of  hand-to-mouth  teaching  in  the  past;  to 
ftTOid  this,  the  teacher  should  not  only  have  a  carefully  drawn- up  <«benM 
of  work,  but  ahould  keep  a  diary  in  which  the  work  accomplished  eaA 
week  is  carefully  recorded.  In  this  way  the  weaker  teacher*  will  check  aay 
tendency  they  may  have  to  relax  tlieir  etlorte,  and  insjjecUirs  will  be  in  the  pojd- 
tion  to  understand  at  once  w  hat  progress  in  being  made.  Kducation,  unforto- 
nately,  issnhjeet  to  booms  aa  the  money  market  is ;  just  now  the  'Nature  study ' 
boom  is  on.  We  inust  he  verv  careful  not  to  let  this  carry  us  away  :  whuterer  is 
done  must  !>•  l>y  way  ol  real  .Nature  study,  and  must  have  very  simple  bej?imuni!>. 
In  most  of  the  work  that  is  being  boomed  the  presence  of  the  eternal  book  is  oolj 
too  erideot,  and  such  teaching  must  he  woitUesk  Let  the  teaoheva  reiDemher 
that  the  great  object  in  view  is  to  acquire  the  art  of  experimenting  and  obtervirg 
with  a  denrly  defined  and  lopical  purpose.  If  they  once  learn  to  experiment 
properly  all  else  will  ioliow.  The  inspectors  must  give  constructive  help  to  the 
won;  they  too  must  be  stodents  and  lahoarera  in  tto  eanse  of  progress,  not  nsrs 
commentators.  And  there  will  be  a  great  opportunity  for  experts  to  assist  who 
can  be  helpful  to  schools.  l''very  school  should  be  provided  with  a  workshop, 
simply  equip^ped  with  flat-topped  tables,  in  which  all  the  subjects  which  are 
taught  praotieally  can  he  taken.  Elaborately  fitted  labomtorisa  are  not  only 
unntoesMiy  hat  undesirable ;  the  woik  ahould  be  <Ion>>  under  oonditionB  such  as 
obtain  in  ordinary  life,  A  due  proportion  of  the  school  time  mtist  be  devoted  to 
experimental  studies :  no  dUbcultj  will  arise  when  it  ia  seen  that  so  much  eke  is 
tnnght  inddantally ;  and  that  this  is  the  case  must  he  eareAilly  home  in  aifaDd 
arranging  the  enrnoulum — otherwise  there  will  be  much  overlap{Hng  and  wnsteof 
time.  Lastly,  every  effort  must  be  made  to  keep  down  tlie  size  of  the  classes.  I  trust 
that  in  Ireland  the  girls  will  receive  as  much  attention  aa  the  bovs.  £xperimeatai 
teaching  is  of  even  greater  value  to  them  than  to  boys,  aa  hoys  Wve  more  oppor^ 
tunities  of  doing  work  which  is  akin  to  it  in  the  work!.  The wosk  done  hy  giili 
ahoold  of  oooiw  bear  directly  on  their  domestic  occupations. 

If  we  are  to  improve  our  fchools  the  ttuchers  must  be  trained  to  teach 
properly — or  rather,  let  me  say,  must  be  put  in  the  right  way  to  teach,  because 
practice  and  <'X]m  rience  alone  can  pive  prcficiency.  This  is  the  most  difficult  i  f 
all  the  proljleni>  to  \re  faced  in  providing  for  the  future.  It  is  the  one  of  allothe^^ 
to  be  thought  out  with  the  greatest  care ;  in  solving  ii  the  help  of  all  who  can 
help  must  oe  seoored.  No  amount  of  didacUe  teatming  will  niue  teadien;  the 
training  must  be  practical.  To  graft  on  the  ordinary  truininp  a  course  of  lectures 
on  the  theory  and  practice  of  teaching  plus  a  certain  amount  of  practice  in  a 
school  is  not  enough,    liow  can  we  attempt  to  teach  the  theorv  and  practice  of 

tepehin^  wUn  W9  m  agieed  that  iv*  do  pot  Jqufw  ham  to  teaeb  moat  sohlael*? 
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How  can  a  master  of  method  instruct  us  how  to  teach  subjects  of  which  he  hat 
only  heard  ?  It  cannot  be  done  ;  in  point  of  fact,  we  are  talking'  about  the  thing — 
beating  about  the  bush — instead  of  treating  the  problem  as  one  wliich  aui  only  be 
BolTcd  lyy  experiment.  To  teich  method,  yoa  must  know  your  subject ;  one  man 
cannot  know  mnny  Biibjects.  Of  course  there  ue  quite  a  number  of  good  general 
rules  to  be  leanit,  but  the  application  of  these  must  rest  witli  thf  specialist  ;  and 
the  only  proper  way  of  giving  training  in  method  is  to  teach  the  subject  in  the 
way  it  seems  dedrable  that  it  shonld  be  taught.  The  end  nsult  of  training 
should  be  the  development  of  a  spirit  of  absolute  humility — of  tho  fcrling  that  no 
task  is  80  difficult  as  that  of  teaching  properly,  no  career  in  which  finality  is 
more  impossible  to  attain  to,  no  career  which  offers  greater  opportunity  for 
perpetual  lel&improvement.  The  effect  of  the  narrow  and  unimaginative  aystem 
in  vogue  to-day  is  to  send  forth  a  t^et  of  young  persons  who  am^pantly  eonaider 
that  they  are  *  trained  if  they  would  only  think  of  the  amount  of  preparation 
involved  in  training  for  athletic  competitions,  or  in  training  race-horses  even,  they 
would  entertain  more  modest  views  and  be  aware  that  they  have  eveiything  to 
learn  when  they  commence  their  work.  The  fieckmessers  reign  supreme  in  OUT 
training  collt'pvs  of  to-day;  they  must  be  got  rid  of  and  true  modest  experts 
introduced  in  their  plaee.  The  test  of  efBciency  must  In-  a  real  one,  not  that  of  a 
mere  iiuul  examiuutiuu.  The  in^ipectois  must  see  to  it  that  the  instruction  is 
given  always  with  a  view  to  the  fact  thiU;  the  students  are  to  become  teacben, 
which  at  present  seems  to  be  the  lfi.<t  consideratinn  hovnp  in  mind  Every  eftbrt 
must  be  made  to  secure  a  Ijigher  chiss  of  student  for  the  training  coUeges  ;  a  fair 
secondary  training  mu^t  be  insisted  on.  A  narrow  spirit  of  trades  unionism 
pervades  the  primary  school  system  at  the  present  time;  School  Boards  and 
managers  of  I'upil  Teacheis'  Gmtres  make  no  effort  to  seeuxo  the  assistanfle  of 
secondary  teachers. 

Idy  receipt  for  a  training  collie  would  be:  Develop  thought-power  and 
Individuality ;  develop  imagination.  Teach  whatever  will  do  thia  most  effectively ; 
let  special  subjects  be  studied  in  the  way  that  may  best  be  followed  in  tasching 
them  subsequently. 

It  is  to  the  lasting  shame  of  our  State  organisation  and  of  our  School  I3oards 
that  so  little  has  been  done  to  provide  competent  teachers. 

Tlie  future  rests  with  the  Universities;  Out  to  sare  the  nation  the  Univenutles 

must  be  practical :  broader  conceptions  must  prevail  in  them.  A  course  of 
trainiiig  which  will  give  true  culture  must  be  insisted  on.  The  Universities  have 
fsosiilly  shown  «  duposition-— to  use  a  vulgarism — to  throw  themselves  at  the 
heads  of  the  military  authorities  and  to  make  special  provisitMi  for  the  training  of 

military  students.  It  is  much  more  their  oflice  to  train  teachers.  Why  should 
not  the  example  to  hand  in  the  engineering  school  at  Cambridge  be  followed? 
Why  should  not  a  special  Tripos  be  established  for  teachers  in  tramipg  ?  I  believe 


The  desire  now  manifest  in  several  of  our  Lirgo  towns  to  es<al)lish  now  T'niver- 
sitiea  comes  most  opportunely;  it  should  receive  every  possible  encouragement 
from  all  who  have  tne  interests  of  our  country  at  heart.  I  believe  the  objections 
to  be  altogether  fineiful — the  ontoome  of  aeademio  views.  It  is  said  tliat  the 
▼aloe  of  the  degree  will  go  down  like  that  of  Consols.  But  in  what  does  the  value 
of  a  degree  consist  ?  Simply  and  solely  in  the  evidenct;  it  afibrds  of  training.  We 
regard  tlie  Oxford  and  Cambridge  degrees  as  of  value  because  they  are  proof  that 
their  possessm  have  Hved  fbrsome  tnne  under  oertain  conditions  which  are  reoog- 
nlsfd  to  be  productive  of  good.  The  degrees  of  other  Univer.^ities  must  soon 
come  to  be  regarded  a5i  proof  of  sound  and  healthy  training.  Tt  must  become 
impossible  to  obtain  degrees  such  as  the  University  of  London  has  been  in  the 
habit  of  awarding,  wh^  have  been  the  result  of  mere  gaxret-etudy ;  proof  of 
ttainiag  vnll  be  required  tifaH  candidates  fat  degrees. 

But  I  muat  now  bring  this  Address  to  a  conclui^iou.  The  only  apology  that  I 
mofe  fixr  itskogth  is  that  haviiig  had  over  thirty  yeaia'  exporiesoo  w  ft  tetdior 
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and  being-  profoundly  impressed  bv  tbe  serious  character  of  the  outlook,  the  oppor- 
tunity being  given  me,  I  felt  that '  the  time  has  come/  as  the  walrus  said  to  the 
carpenter. 

To  talk  of  many  things : 

Of  shoes — and  ships — and  SMding-wax — 

Of  cabbages — and  king»— 

Ami  why  the  sea  is  boiling  hot-* 

And  whether  pigs  have  wings.' 

C  Alice  through  the  Looking-glass.  ) 

Tbis  list  of  subject?  is  no  more  varied  snd  disconnected — the  problems  get  no 
deeper — than  those  to  which  we  must  give  our  attention  iu  dealing  with  edu* 
cation ;  and  tbe  sooner  the  &te  of  the  oysten  ie  that  of  oar  preaeot  «dneational 
<  system '  the  better.  Havinff  shown  by  this  q^uotation  that  I  am  not  an  absolute 
modem  but  hnve  some  knowledge  of  the  classics,  let  me  finally  ssy,  in  the  word* 
of  another  poet — of  him  who  on  various  occasions  gave  utterance  to  much  wisdom 
at  the  breakfast  table,  that '  I  don't  want  you  to  believe  anything  I  say,  I  only 
mmt  you  to  try  to  see  what  makee  ne  believe  it' 

Something-  more  than  an  apolog-y  for  an  Education  Act  «uch  as  the  powers  .tre 
now  engaged  in  shaping  for  us  mupt  be  framed  at  no  distant  date,  and  a  deterrei- 
nate  policy  arrived  at.  That  policy  muy  perhaps  be  found  in  the  words  put  into 
Unmiet'i  mouth ; — 

Hamlet.  To  what  base  uses  we  may  retom,  Horatio  !  Wliy  may  not  Imagination 
laoe  the  nobU  dntt  ol  Aleacandir,  till  na  Hud  it  ilo|ipiag  a  basc^hola  t 

Hormtio,  Tweie  to  oouider  too  onrioiuly,  to  oontider  ao. 

HamUt.  No,  faith,  not  a  jot ;  bat  to  follow  him  thither  with  modesty  enough 
and  likelihood  to  lead  it,  as  thus;  Alexander  died,  Alexander  was  buried,  Alexan-ler 
retnmeth  into  dust ;  the  dost  is  earth ;  of  earth  we  make  loam  :  and  why  of  thai 
loam,  whereto  he  wae  eoufoitad,  might  thej  not  efeop  a  beer  barrel  T 

Imperiooe  CMar,  dead  and  tamed  to  day. 

Might  stop  a  hole  to  keep  the  wind  away ; 

(),  tbat  that  earth,  which  kept  tbe  world  in  awe, 

•Should  piitch  H  wall  to  expel  the  winter's  flaw  ! 

Shakespeare  thus  tanjsrht  fli»'  use  of  the  imagination  l>*fnrM  Tyndall  !  The  fact 
that  we  can  now  carr^'  our  imagination  far  further  aheki  and  contemplate  tbe 
■urvival  of  atome  once  embodiM  in  imperioue  Obeer  in  the  fiowere  and  frnit 
which  deck  the  fair  face  <»f  Nature — a  higher  end  than  that  Hamlet  |»aint8 — may 
serve  to  justify  the  adoption  (>f  a  method  he  advocated.  Modern  progress  is  ba>e<i 
on  research — the  application  of  imagination.  Surely  then  there  is  every  reason  to 
maha  tha  epiiit  of  veeeanh  the  domuuuit  fovea  in  eanottkn! 


The  following  Report  and  Papers  were  read : — 

L  Report  on  thf  Trachincj  of  Ehmfiiitar^f  MaihemaUei, 

See  Eeporte,  p.  473. 

2.  On  Bocent  Be/ormo  in  ItM  Sdueaiion.   %  Dr.  W.  J.  M.  Btabkii. 


3.  JVid  Subjects  to  be  2'aught  as  Sciena^  hi  Schools,  and  the  Order  in  trhick 
they  should  be  Taken.    By  Dr.  C.  W.  KiMMlNS. 

The  great  reforms  which  have  taken  place  in  recent  years  in  the  teaching  of 
science  in  schools  have  been  due  in  lai^  measure  to  the  British  Association  Ueport 
on  the  teechinff  of  cheaustry.  Sunilmr  reporta  tie  needed  on  the  leaching  of  oth9 
iolgepteeiiitiiblo  for  Inetmetion  in  Mhoola.  Tbe  biologioal  aide  ahoohi  lepaiTe  u 
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much  attention  as  thtt  already  given  to  the  physical  tide,  tnd  Oommitteea  should 
be  anipointed  to  report  on  the  teaching  of  nataral  history  and  botany. 

The  sole  object  of  the  paper  is  to  concentrate  the  diseuium  which  will  follow 
CD  a  few  main  points  which  deserve  special  attention. 

The  Kindergarten,  conducted  on  true  Froebelian  lines,  covering  the  years  6  to  8, 
nftj  be  regarded  as  a  satisfactory  preparation  for  yotm^  dhildno.  The  ESxpal* 
mental  Science  Course,  b  t^r  1  u  t^ie  British  Association  Heport,  covering  the  years 
12  to  10,  may  also  be  reminded  as  satisfactory;  but  an  important  point  arises  as 
to  whether  it  should  be  modilied  in  the  case  of  girls.  Qiris  obtain  much  better 
results  in  biological  tluui  in  physical  aoiaDoe^ 

The  interval  between  the  Kindergnrten  and  tlie  Experimental  Science  f-ourse 
should  be  utilised  for  suitable  Nature-study  teaching.  Natural  history  and  botany 
are,  as  a  rule,  taught  very  badly  in  schools.  Systematic  botany  has  been  the  bane 
of  botany  teMhing,  in  the  same  way  that  qoalitatlfo  analjait  has  been  the  bene  of 
chemistr}'  teacirmg. 

During  this  interval  thorough  instruction  should  be  given  in  practical 
mathematics,  including  the  mensuration  which  is  generally  taken  as  part  of  the 
Esqwrinentij  Soienoe  Ooorse.  lliiiahoiiklbegiTenintheUniedeTotodtowitho* 
BMtice,  not  aeieoce. 


Sufff/etted  Sek«me» 

to  83'earsl 

boys  and  girls. 


Kiudeivartcn      .      .      .      .      .      »  to  8  years 

Katnna  History  8  to  10  „ 

Botnny   10  to  18 

Elementary  Experimental  ticicnce     .  12  to  14 

Admced  .  14  to  16 


n 

ft 
tt 


boys. 


With  a  possible  modification  for  girls  i — 

Klementnry  Experimental  Science    ....       1 2  to  1 4  years. 

Jlotimy  (mure  arlvanced)  .       .       .  .       .       14  to  16  „ 

The  subjects  requiriog  special  attention  are  the  teaching  of  natural  history  and 
botany,  and  the  correlation  of  science  and  art  teaching.  The  separation  of  instruc- 
tion in  di0erent  sabjeets  into  water-tight  compartmenta  lends  to  great  waste  of 
energy  and  time.  Snbjects  taught  as  science  should  be  judged  entirely  by  their 
educational,  not  their  informational,  value.  Hygiene,  dealing  with  the  laws  of 
health,  should,  howerery  be  taught  for  purposes  of  information.  The  subject  is 
too  wide,  and  indudee  too  many  bmnehee  <n  natard  ecienee  to  admit  ci  mtioDAl 
treatment  without  the  expenditure  offer  more  time  than  can  be  allotted  to  it. 


F&IX)A1\  HEPXIiiMUJiU  12. 

Tlie  following  Papers  were  read : — 

1.  21ie  JiUi'oduction  0/ 1* radical  Iinslmclioti  hUo  IrUIi  Natiotial  iSchooli. 

By  W.  Matbowb  Hbllier. 

The  position  of  educational  alfaira  in  Ireland  to-duy  is  one  of  extraordinary 
interest.  Not  only  bare  revoIutionarT  changes  in  administration  of  primary  end 
secondarv  education  recently  occurred,  but  far-reaching  modifications  in  currioula 
and  methods  of  instruction  have  been  introduced.  These  sweeping  changes  were 
the  result  of  the  recommendations  of  recent  Commissions,  and  now  within  the  last 
few  days  the  Commission  on  University  Education  hes  presented  Its  final  leport. 

The  Commissioners  of  National  Education,  in  taking  steps  to  introduce  practical 
instruction  into  their  tw.hools,  are  attempting  to  do  the  work  accomplished  in  the 
towns  of  England  and  Scotland  by  local  educational  enterprise. 

The  introdnctioB  of  elementary  scieiiee  will  be  of  eipeciil  interest  to  this 
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A«o6iatioB,  m  h  m^y  l»  aUribiitod  dinedy  to  tiM  CoBn^tot  flf  S«lkai 

appointed  in  1887. 

The  '  Ivesults  SyBtam,'  hAviag  outgiown  its  uaefulneM,  luui  given  plaoe  to  u 
*  Inspection  System.' 

Praetacal  lottroetion  in  National  aelioola  bofom  the  eliati|$a  took  tba  farm  oC 
ii.  r (llt'woik  in  giTla*  echoola  and  a  little  pnefcical  aeienee  in  a  my  hm  Itoyif 
echooU. 

The  foUowiug  bubjeclK  am  now  introduced  into  the  curriculum ; — (a)  Munoal 
instruction;  (6)  drawing;  (c)  oodBery ;  (rf)  laundrvwork ;  (e)  needlewofk; 
(  f)  stnf^ing ;  (p)  phyi^ical  exeroiBeB;  (A)  elementary  science. 

Most  of  th«>^e  Biibjx  ts  afeqnitenew  to  the  majoxity  of  the  l^QUO  teachcwj 
xepn^senting  U,000  schools. 

To  give  some  pieliminary  training  to  theie  teachera  a  head  organiaer  and  ataff 
of  anlMirMniieKS  nave  been  appointed  for  each  subject.  Classes  are  established  in 
cntrp"  fill  ovrr  tli'"  country,  which  teachers  in  tli-  n-  ii^hbourhood  attend  :  crrants 
are  mude  towards  the  traTeliiog  and  peraooal  expenses  of  teadiera  attending  these 
elaa^. 

The  eottTent  tchoola,  which  deal  with  one  quarter  nf  the  gitle  in  National 

adhool?,  form  a  distii  <  t  f.  atur-'  nf  such  an  organisation  in  Ireland. 

Tlie  manual  insirucuon  is  of  that  kind  generally  known  as  Land-and-eje 
training,  comprising'  pjiper-folding,  bricklaying,  cardboard  and  wire  work. 

In  elementary  science  the  typical  course  for  boys  and  girls  is  based  on  the  1889 
recommendation  of  the  British  Association  Committer. 

'INucIht.'*  attending  training  courses  mu'^t  jx'rforui  all  ('xpHriments  of  the 
coune  tliemtielves.  Free  equipment  grants  ol  apparatus  for  uiauual  instruction 
and  elementary  sdenoe  are  given  to  neoessitous  sehools.  Very  few  schools  at 
pieesnt  have  laboratories,  but  at  the  same  time  n  pn-eat  deal  of  indivl-liial  eiperi- 
xnentinp  can  be  accomplishe<l.  Object  lep-^ous^  are  allowed  as  a  sn)»stitii'e  for  a 
STBtematic  course  of  instruction  in  experimental  science,  but  theee  must  ait^^mpt 
to  achieve  the  aane  results  as  the  seienoe  lesson,  vis.,  aoooxate  habita  in  obeerf»> 
tion,  work,  description,  and  reasonmg. 

The  seven  traming  collefres  of  Ireland  hav«>  all  made  adequate  preparation  for 
dealing  with  the  new  conditions  of  instruction. 

The  (^VnnndssionerB  have  left  no  stone  unturned  to  make  the  changes  a  poesi- 
bility  and  a  success.  They  have  provided  an  expensive  organi^inir  staff,  conducting 
c]as<»P)»  involvinjr  irreat  expenpe  both  in  equipment  nnd  travelling  of  teacher*. 
Thev  have  pru\  idetl  free  equipment  ffranU  for  schools,  and,  in  order  to  ensure 
efficiency  in  lusiiection,  hare  enabled  aU  inspectors  to  bscotne  thoroughly  acquttnCed 
with  sJl  details  of  the  working:  of  the  new  programme. 

The  work  and  enthusiasm  of  the  t<>ac!ier-  attendinpr  those  clas^f  liavt*  been 
beyond  all  pniise.  These  training  classes  have  been  made  a  really  useful  and  efficient 
factor  in  the  progress  of  this  educational  revolution.  With  regard  to  the  new 
programme — ^wludh  if  probably,  on  paper,  the  best  scheme  of  piimary  instruction  in 
existence — we  most  asK  for  a  little  M^oetiiwuil/mM  onthe  part  of  authoiitiea  and 
inspectorate. 

In  au  over-weighted  timetable  some  co-ordination  of  subjects  seems  urg«xtly 
Mcesnry. 

Practical  instruction  in  the  Natinnal  scliool  i?  to-d.'v  in  Ir<  land,  rtm  iTur  many 
educational  problems  of  importonce,  probably  the  odi-  ot  nm^t  nrp-ent  iciportanct;, 
in  thftt  upon  its  successful  introduction  depends  the  future  uf  techuiad  instruction. 


SL  IntermtditUe  Sducalxon  tn  Jreiand,   £y  R.  M.  Jomn,  M,A. 


o.  I f^ttr mediaU  Edu^ion  in  Ireland,  .ffy  Bev*  Fatlier  MuBPBY. 
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4«  The  Hel<Ui(m  o/Teehnieal  InttrutiUm  to  Industrial  Jhvehptnent 

in  Ireland,   By  T.  F.  Gill. 


SATUUDA  I*.  SKPTKM/fKIt  13. 
The  Section  did  not  meet. 


irOA^DAr,  SEPTEMBER  IS. 
The  ibllowing  liei)orta  and  Papers  were  read : — 

1.  Jieport  on  the  Conditions  of  Health  Essential  to  the  cavrif  imj  on  oj  tha 
Work  of  Imtructurth  in  SdiooU. — ISee  Hoports,  p.  483. 


2.  Mtpart  on  the  Teaching  of  Science  in  Elementary  Schoole, 

See  Beporta,  p.  481. 


3.  Digeuteion  on  the  Training  of  Teachere. 
Opened  by  Mibb  L.  Edna  Waltbb  and  ProHBBor  A  L.  WiTHtfitg. 


4.  Joint  Diecumon  with  JSettion  G  on  tfie  Training  of  Engimtre, 


TUESDAY,  SEPTEMBEU  16. 
The  fdlowing  P&peia  i?ere  vead : — 

1.  A  Univemal  Language.    JJy  Sir  F.  J.  Bbamwell,  Bart.,  I  . U.S. 


2.  Discuss  ton  on  thr.  Teaching  of  English 
Opened  bg  P.  J .  Habtoq,  B.Sg 


3.  The  Kegleet  of  Bnglislt  Grammar,   By  Professor  Miffoanr. 

The  teaching  of  reading,  apelliiig,  and  Englufa  arammar  haa  diaappeared  from 
fingliah  schools  for  what  are  teimed  '  the  better  claaaeH.'   Practicallj,  a  boj  has 

to  learn  these  subjects  in  the  nur^ory  or  not  at  all  ;  for  they  do  not  count  in 
the  system  of  the  public  schools  tht)  preparatorj  schools  do  not  teach  them,  these 
latter  being  exact  miniature  copiw  oftbe  fimuMr. 

The  reduU  of  the  neglect  of  English  grammar  is  a  mass  of  bad  OQmpontioOi 

instances  of  whicii  can  be  collected  at  iiny  moment  from  tlif  jirticit in  our  leading 
newspapers,  matfftzines,  and  reviews, as  well  us  from  tiieworkf^of  esteenipd  authors. 

A  comparatively  small  number  of  types  of  faulty  writing  are  quoted  in  the 
Paper. 

The  neglect  of  the  study  of  grammar  in  tlie  schools  results  also  in  many  flcms 
Id  ordinary  convers^ition,  and,  to  .'>ome  extent,  in  errors  of  pronnnciation. 

Kugliah  graumur  in  neglected  iu  the  school  because  the«u  bodies  are  under 
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clanic&l  coiitid,  and  th«>  masters  assume  as  aa  aidom  that  *  whan  irt  are  taaminy 
Latin  praihrnar  we  nri'  1.  nr ning  l^ngli.sli.' 

A  change  in  the  ht  ucl-nia^tersliips  of  the  schools  i»  necessar}',  both  in  the 
interests  of  modern  science  and  iu  those  of  modern  languages.  Tbeee  echooU  have 
been  too  long  under  elaaaieal  and  derieal  eottWol. 


4.  JoiiU  DUctission  wW^  Section  A  on  the  Teaching  of  MaUtemalict, 


5.  On  the  Twdking  o/SkmetUary  Uaihematicg.  Bff  A.  W.  StDDOsra,  MM 

A  little  more  than  tvrenty-fire  yearj  the  British  Asaociation  and  the 
Association  fur  the  Improvement  of  Geometrical  Teaching  (now  called  the  Math<^ 
matical  A.NS')ciation)  worked  at  this  question  ;  tliH  end-  aimpd  nt  wore  not  gained 
in  their  entirety,  hut  much  improvt'raent  resulted  in  the  tear  liing  of  the  subject. 

That  movement  has  taught  us  that  attempts  to  secure  auy  but  moderate  re- 
forms are  doomed  to  failure,  and  we  see  to-day  from  private  and  publiahed  eorre- 
4ipond('nce  that  nuitljomnriml  masters  generallj  are  aoziooa  for moderato  nfom, 
<but  drend  any  hri>ty  chiiu/e. 

The  Matheiuatical  A8K>ciatioD  C-ommittee  recommends  that  a  tirst  introductioa 
to  geometry,  and  to  each  new  braneh  of  geometry,  should  be  ezperimeiital  with 
the  use  of  instruments  and  numerical  measurements  and  calculations.  ThisreoooH 
inendation,  which  is  by  no  means  new,  se^-mi  now  to  meet  with  almost  unirerssl 
approval;  but,  in  order  to  encourage  this  work,  the  Report  suggests  that  eiemezt- 
tary  geometry  \m\yefB  should  contain  questions  rsquiring  the  practical  use  of 
instruments. 

So  far  as  deductive  geometiy  is  oonceroed,  then  seam  to  be  four  alterna- 
tives:— 

1.  To  havf  no  nn<'  .«vllabu8  placed  in  the  position  of  authoritj. 

2.  To  replace  lOuclid  hy  one  standard  syllabus. 

•M.  To  modify  Eudid  b^  omission  and  readjustment 
4.  To  retain  Euclid  in  its  present  form. 

The  first  of  these  alternatives  would  mahe  teaeltinfr  difficult  in  classea  of  bojs 
who  have  previously  used  ditlerent  books  fol]owin|f  afferent  orders,  and  also  in 

classea  of  hoys  preparing  lor  dilferent  etaminntion?  which  adopted  diff- r  r.t 
echedules;  any  proposal  to  abandon  the  use  of  one  detinito  authority  would  meet 
>\'ith  the  strongest  possible  opposition,  and  would  probably  cause  Euclid  to  be 
jrranted  a  new  lease  of  life. 

The  Muthematictl  Association  Committee  lias  recommended  the  adoption  of  a 
modified  Euclid  ;  tiiey  considered  the  time  not  yet  ripe  for  the  proposal  of  a 
standard  to  be  finally  adopted  in  place  of  Euclid. 

Though  the  Committee  considered  it  wise  to  retlun  a  modified  Eudid  for  the 
present,  I  regard  the  proposal  and  adoption  of  a  new  standard  as  the  next  step 
to  be  undertaken,  and  1  hope  that  the  Mathematical  Association  Committ<*e, 
consisting  as  it  does  of  practical  teachers  and  examiners,  will  draw  up  a  tentative 
ayllabus,  to  be  criticised  by  schoolmasters  and  others,  aoMl  finally  submitted  to  this 
body  for  confirmation.  Such  a  syllabus  should  leave  great  freedom  to  the  teacher 
and  text-book  Avritcr :  it  should  be  so  elastic  as  to  allow  of  cbaoges  from  time  to 
time,  but  sulUeiently  precise  to  prevent  chaos. 

The  modifications  proposed  in  the  Mathematical  Asaodatioo  report  tnclnde^— 

1.  The  omission  of  some  proposiUona  whidido  not  help  on  the  course,  or 
which  should  be  regarded  as  axiomatic. 

2.  Improved  methods  of  proving  other  piopoaiticMiSy  including  the  oaa  ef 

hypoth<  ticul  constructions. 

',).  The  odditiim  of  a  few  propositions. 

4.  The  adoption  of  Playiair*e  axiom  and  the '  limit '  definition  of  a  tangent 
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F).  The  use  of  anffles  greater  than  two  ri<>ht  anglt  s. 

0.  That  the  exact  treatment  of  iacommeosurableii  be  regarded  as  a  branch 
of  higher  mathematics. 

The  report  also  auggesta  that  in  pasa  examinations  the  sy&tera  should  be 
gradually  introduced  of  requiring  that  a  candidate,  in  order  to  secure  a  pass, 
should  evince  some  power  besides  that  of  being  able  to  writo  out  book  work;  the 
solution  of  rideia  and  qoMttont  reqiuring  the  use  of  instrumenUi  would  thus  be 

encouraged. 

The  most  important  suggestions  under  the  head  of  arithmetic  and  algebra  are 
those  proposing  that  the  barriers  between  arithmetic,  algebra,  and  geometry 
should  be  broken  down,  and  the  early  introduction  of  ^raplis  ;  then*  are  many 
other  suggestions  of  too  detailed  a  nature  to      considered  individually  now. 

The  Arithmetic  and  Algebra  Iteport  may  be  brietly  summed  up  in  the  foUoW' 
ing  words : — 

The  Committee  recommend — 

(a)  that  easy  vied  voce  examples  should  be  frequently  used  in  both  ahth* 

m«tle  and  algebra ; 
{b)  that  great  stress  should  be  laid  en  fundsmsiital  principles ; 
(e)  that,  as  far  as  possible,  the  ruK  g  which  a  pupil  uses  should  be  geosfal- 

isations  from  his  own  experience  ; 

that,  whenever  nracticable,  geometr;^  should  be  employed  to  illustrate 
arithmetic  and  aJgebca,  sad,  in  partieular,  that  graphs  should  he  used 

extensively ; 

(tf)  that  many  of  the  harder  rules  and  heavier  types  of  exanip]e8,  a\  hich 
examinations  alone  compel  us  to  retain  in  a  school  curriculum,  should  be 
postponed. 

Finally,  I  should  point  out  that  the  report  has  been  drawn  up  with  a  special 
Ti«w  to  the  acquirement  of  hrain-power,  wnieh  is  the  moat  important  oonsidera^ 
tion  at  this  stage  of  a  student's  career  ;  but  nevertheless  if  these  xecoomOMlations 
are  adopted  I  feel  sure  the  engineern,  whom  we  have  to  thank  for  bringing  matters 
to  a  head  by  introducing  the  discussion  last  year,  will  find  great  improvement  in 
the  hoys  sent  to  them  mm  the  various  schools — ^improvement  not  only  in  brain* 
power,  hat  ilso  in  mathematical  power. 
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Correspcmding  Societies  Committee, — lie^ort  of  the  Caminittee,  comUlhuj 
of  Mr.  W.  Whitaker  (Chairnuin)^  Dp.  J.  G.  Gabson  (SeeretanjX 
Professor  Mbldola,  Mr.  F&ahcis  Galton,  Sir  JoHir  Evans,  Mr.  J. 
HoPKiNSOif ,  Professor  Bonkkt,  Mr.  T.  V.  HoLMESp  Dr.  Hobacb 
T,  Bbowk,  Bev.  J.  0.  Bevan,  Ptofessor  W.  W.  Watts,  Kev.  T, 
B.  B.  STEBBoro,  Mr.  C.  H«  Bead,  and  Mr.  F.  W.  Buoleb. 
{Drawn  upbyihe  Seeretary,) 

The  Corresponding  Societies  Comraitteo  have  to  report  that  the  recom- 
mendations made  by  the  Delegates  at  the  Conferences  held  duiing  the 
*  Meeting  of  the  Asaooiatioii  at  Glasgow  last  year  have  been  oarefully 
considered  and  have  been  adopted. 

The  following  covering  letter  was  issued,  along  with  the  Report  of 
the  Conference  of  Delegates,  to  the  Secretaries  of  all  the  OorrespoxMlmg 
Societies  on  the  list  and  to  each  of  the  Delegates : — 

BarHngton  House,  London,  W. :  Febnuuy  26, 190S. 

*  Dbab  Sir, — I  herewith  send  you  a  copy  of  the  Report  of  the  Con* 
ference  of  Delegates  of  the  Corresponding  Societies  held  at  Glasgow.  I 
also  enclose  a  list  of  the  Committees  of  the  Association  uppointwl  at  that 
meeting  for  the  investigation  of  special  subjects  in  which  tlu^  co-operation 
of  the  Corresponding  Societies  is  desired,  together  with  the  names  and 
addreases  of  the  Secretaries*  to  whom  yon  alioud  apply  without  delay  for 
specific  instructions  (beyond  those  given  in  the  Report,  pp.  14-22)  as  to 
how  the  investigations  or  work  should  be  carried  out  by  your  Society. 

*  You  will  be  good  enough  to  have  the  Report  communicated  to  your 
Society  at  an  early  meeting,  and  to  impress  upon  your  members  the 
importance  of  taking  part  in  tho  work  of  as  many  of  tliese  Committees 
and  in  tlie  investigation  of  oji  many  of  the  subjects  selected  by  the 
Ddflgates  as  possible.  To  this  end  it  is  very  desirable  that  your  Society, 
or  the  Council  thereof,  should  appoint  a  Special  Committee  to  consider 
what  work  can  be  done  by  your  Society,  and  to  arrange  for  its  behig 

begun  forthwith. 

'The  observations  when  made  should  form  interesting  conimunieations 
for  your  Society,  and  at  the  same  time  assist  the  work  of  the  Committees 
of  the  Assuciati(»n. 

'  Besides  adopting  the  programme  of  work  proposed  by  the  Delegates 
for  the  Corresponding  Societies  to  engage  in,  my  Committee  have  also 
resolved  to  accede  to  the  request  of  the  Delegates  to  ascertain  and  report 
to  the  n'^x't  meeting  of  the  Association  wli.it  work  has  been  done  by 
each  of  the  Corresponding  Societies  dinin;;'  th*-  year  towards  the 
investigation  of  the  subjects  specilied,  and  whtit  as&istance  they  have 
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individually  reiult  ied  to  the  several  Committees  of  the  Association 
desiring  their  cq  npeiation.  I  trust  that  in  that  report  your  Society  will 
be  mentioned  as  having  taken  an  active  part. 

*I  am  jountruly, 

*  J.  O.  Gajuov  (iS^mlofyy 

ConiimiU98$  appoint^  6y  the  JBriliah  Asgociaiion  which  denre  the  Co-Cp9rm» 
Uon  of  the  Corretponding  SacieUee  in  ihrnr  IwvetHgationt, 

Section  B,  Chemistry. 

sriMKCT  Kt'U  IWKSIIGATION  NAME  ANP  Ar>I)RF>'^  OF  SECRETvRY 

1.  To  coll(Hit  Stati*>t ICS  conoernini^  the  Trained    Dr.  6.  Q.  Uender»ou,  204  George 
Chemlito  emplojad  to  Koglish  dMnniORl     Stieet^  QlMfov. 
Indofltiiei, 

SBOnON  C,  GlOLOOT. 

9.  Fortli6ltegittnitil»iior«Il  Type  Speciment  Dr.  A.  Smith  Woodward,  F.BJL, 

of  FoMils  Sn  the  Brltiih  Isles.  British  Museum,  Sontb  Kflnrinf- 

toa,  London,  S.W. 

8.  Ihe  Movements  of  tTndergroand  Waters  of  Oaptaio  A.  R  Dwerry  house,  5  Oak- 
North-west  Yorkshire.  tieid  Terrace,  Headingley.  Leeds. 

A.  To  investigrate  the  Erratic  IMocks  of  the    Professor  P.  F.  Kendall,  Yockshin 
liritUh  Isles,  and  to  t^iko  measures  for      College,  Leeds, 
their  preservation. 

0.  For  the  (Collection,  Preservation,  and  8ys-    Professor  W.  W.  Watts  The  UiiS» 
tematic  Registration  of  Photographs  of      versityt  Birmingham. 
Qoologloal  utttatt. 

Section  G,  Enuinebrixg. 

8,  To  coniiider  Means  by  which  better  prac*  Mr.  \V.  A.  Price,  The  Mill  QoOH^ 

tioal  effect  can  be  given  to  the  Introduc-  £roomlielda  Chelmsford. 
tloB  of  the  Screw  Gauge  proposed  by 

the  Association  in  18H4. 

7.  To  Investigate  the   Rcslstaooe  of  Koad  Professor  If  B.  Hele-Shavr,  UaiTeri 

Vehicles  to  Traction.  sity  College,  Liverpool. 

SionoH  H,  Amthbofologt. 

8.  For  the  Col1eotloii«  Treeervatioo,  and  Bjs-  Mr.  J.  L.  Myrett  8  Hanover  Sqam^ 

temntic  Registration  of  PhOtOgiapbs  ot      IiOBdOB,  W, 
Anthropological  Interest. 

BbOTIOH  1^  BOTAXTt 

0.  To  consider  and  report  upon  a  scheme  for   Professor  F.  £.  Weisi^  Tha  OlftM 
the  Begistration  of  Migativea  of  Botaai*      Collflge,  Mannhjstar, 

cal  Fbot<vrapbs. 

10.  For  fha  inTestigaUon  of  the  Bespintioii  Mr,  H.  Wager,  Arnold  HoQaa,Datf. 

of  Flaiits, 

^ist  of  SuhjfcfH  seJec(''<l  hi/  tJifi  Delegates  of  the  Correaponding  Sorxpti^^  far 
hivestitjal  'ion  by  the  turres^nding  tSocietiea  in  1^02  not  incltidedin 
t/ie  j/receding  lUt. 

Section  C,  Geology. 

SUfiJ£CIti  FOR  IKVfiSTlCATlUN  Na>I£  and  ADDE&^ti  Of  UTSBBS 

11.  Coart  Sroeion  Mr.  \v.  Whitaker.  F.TtS..  8  Owp* 

den  Koad,  Croydon. 

12.  Becord  of  Bore  Holes^  WeUs,  and  Sections  Mr.  J.  U.  Merivale,  Xogaton  B*I1| 

Aekliogtoo. 
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Section  D,  Zoology. 

si  KJErrs  yon  investioatiox  namk  wn  addUess  ok  refxrie 

13.  Underground  iauna  Rev.   T.   R.  R.  Stobbing,  F.R.S., 

Epbraini  Lodge,  the  OommoD, 
Xonteidgt  WeUi. 

Section  £,  Geography. 

14.  Variations  in  the  Coniw  of  BlTan  and  Dr.  H.  R.  ^lill.  r,2  Camdeil  Sqiianb 

Shape  of  Lakes.  London,  N.W. 

Section  H,  Anthbopologt. 

16.  Aiohipotogical  Snrv^  of  Oonatiw    •     .  Bev.  J.  0.  Bevaa,  Cbilleaden  fieo* 

toxji  I>over. 

16t  BthBographioal  Sarvey     .      •      •      •  Tbe    fleeretaiy,  Aitthiopological 

Institatc,  3  HanOTW  8qaax«i 
London,  W. 

Section  K,  Botany. 

17.  Botaaioal  Snrvej  of  Countios    •     .     «  Dr  W  0. 8miUi»  YorkAbiie  CoUegOi 

Leeds. 

18.  FliotQgnphio  Reooid  o(  Flanta  .     •     ,  Mr.  A.  K.  Coomdraswumj,  Waldon, 

Worploadon,  Guildford. 

The  above  list  of  sug2^ested  subjects  for  investigatioii  by  Corrospond^ 
ing  Societies  in  which  tlieir  co-operation  and  assistance  were  desired  by 
Committees  appointed  by  the  Associdtion,  it  will  be  seen,  embrace^i  ail 
the  Sections  of  the  Association  with  the  exception  of  Sections  A,  Mathe- 
mttticol  and  Physical  Science;  F,  Economic  Science  and  StatiiticB| 
1,  Physiology  ;  and  L,  Educational  Science,  so  that  almoit  evety  Gone- 
■ponding  Society  had  one  subject  or  more  within  its  scope. 

In  order  to  ascertain  how  far  the  Delegates  have  performed  the  duty 
imposed  upon  them  by  the  rules  of  the  Association,  in  consideration  of 
which  they  are  made  temporary  members  of  the  General  Committee,  and 
in  the  eaee  of  SoeMes  not  represented  hj  Del^[atee,  to  learn  whether 
the  Secretaries  of  these  Societies  have  performed  their  duty  of  bringing 
the  work  of  the  Association  in  which  the  co-operation  of  the  Correspond- 
ing Societies  was  desired  before  their  respective  Societies,  as  well 
as  to  ascertain  what  attention  had  been  given  thereto,  answei^s  to 
the  following  questions  Mere,  asked  on  the  form  of  application  to  be 
placed  on  the  list  of  Corresponding  Societies  for  the  ensuing  year,  issued 
m  Hajr  last  to  the  Secretary  of  each  of  the  seventy-six  Corresponding 
Societies  on  the  list  and  returnable  by  June  30. 

Form  of  Application  from  a  Society  previoutfy  on  the  LiH, 

Sib, — I  beg  to  ask,  on  behalf  of  my  Society,  particulars  of  which  are 
given  below,  that  it  be  placed  on  the  list  of  Gorveqionding  Societks  of 
ttie  Britidi  Association  fur  the  ensuing  year.   I  have  also  to  inform  you 

that^  in  the  event  of  this  application  being  accepted,  the  Society  will  be 

represented  at  the  Conference  of  Delegat<'3  to  be  held  during  the  next 
meeting  of  the  Association  by  the  Delegate  whose  name  and  address  are 
given  below. 


Digitized  by  Google 


854 


REPORT — 1902 


Name  qfand  Pariiculart  regarding  the  SoeUty* 


Full  Title  and 
Date  of 
Fcwndfttion 

Tftte 

Headquarters 
or  Nftiiie  and 
Address  of 
Secretary 

\  1 
No.  of     En-  Annual 

Mem*  trance  Sab6cri|>- 

ben  ,  Fta  1  tion 

Tit].'  and  Frc- 
tjuency  of  IsaMie 
of  PoMicatioM 

1 

I 
I 

Gocreetioiw  aacl  altetmtioiu  lo  be  ms/do  in  (he  qieeee  below  Ihe  xeqpeeliTebeedinfk 


Name  IkUgalU 

Postal  A  ddr&€$ 


FURTIIEB  IkFOBMATION  BEQUIRKD  BY  THE  COMMIXm. 

1.  Did  your  Delegate  of  last  year  coiumanicate 

toyow  Sodety  the  varioiiB  enbjeote  btonght 

before  (he  OoiifMence  of  Delegates  ? 
B.  Has  bis  report  been  published  by  your  8ociety?  — 

8.  If  you  bad  no  Delegate,  wae  the  Report  of  the 
Conferaioe  of  Deli^atee  with  the  ootnlsg 
letter  lent  therewith  to  you  as  Secntaiy 

rommnnicnted  to  your  Society  * 

4.  Has  any  work  been  done  by  your  Society  or 
members  thereof  tomdf  tlie  inveetigMion 

of  the  subjecte  mentiloiied  in  the  Mport 

and  Letter  ? 

6.  Has  your  Society  aoy  sugg^tion  to  make  as 

to  a  nibject  or  eubjecte  for  dlBcoBskm  at  .  

the  neii  Confermoe  of  Delegate!? 

{Signed)   Secretary, 

 1902. 

A  ihr  Ahstbtant  Gekebal  Sbgbbtabt, 
Rnrlington  Uouae,  London,  W. 

Twenty-nine  of  the  Secretaries  of  the  seventy-six  Societies  on  last 
year's  list  failed  to  send  in  th({  application  form  by  the  date  specified, 
and  it  was  not  till  after  a  reminder  had  becu  sent  to  them  that 
thmr  retunis  were  received.  Seven  of  the  Soeietiee  have  Suled  l» 
make  any  application  to  be  retained  on  the  list.'  In  ■everal  eases  the 
application  was  received  without  any  answeri  to  the  questions  asked, 
ftnd  had  accordingly  to  be  returned  for  the  purpose  of  lacing  fiU-vl 
up.  Such  inattention  on  the  part  of  Secretaries  to  the  business  of  the 
Societies  causes  much  additional  trouble  to  the  olliccrs  of  the  Association, 
and,  it  should  be  understood,  renders  the  Societies  liable  to  be  struck  off 
the  roll  of  Gonesponding  Soeietiea  in  conieqnenoeof  non-felfihnent  of  the 
conditions  required  by  the  .Association.  The  Committee  hope  that  par- 
ticular note  of  this  remissness  will  l)e  made  by  the  Delegates  at  tks 
Belfast  Meeting}  and  the  attention  of  their  Societies  called  to  it. 

*  One  of  these  has  since  applied. 
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There  were  forty-two  Delegates  sent  by  as  many  Corresponding^ 
Societies  to  last  year's  Meeting  of  the  Association  ;  there  were  therefore 
tbirty-six  Societies  unrepresented  at  the  Conference.  The  Committee 
considOT  that  it  ironkl  be  to  the  Advantage  of  the  Societies  if  a  greater 
nmnber  of  them  were  to  endeavour  to  secure  the  services  of  representa- 
tives who  would  attend  the  Conference  and  bring  before  them  the  work 
of  the  Association. 

Two  of  last  year's  Delegates  represented  Societies  from  whom  no 
returns  have  been  received,  and  there  is  no  infonnation  as  to  how  they 
and  the  Secretaries  of  the  other  five  Societies  whicli  havo  made  no  returns 
performed  their  duties  as  regards  bringing  the  work  of  the  Association 
befovB  their  members. 

^The  following  analysiB  of  the  answers  to  the  questions  asked  refeni 
to  the  sixty-eight  Societiefl  from  which  returns  have  been  received,  and 
relates  therefore  to  forty  Delegates  and  to  twenty-eight  Secretaries  of 
8ocietie8  unrepresented  hy  Delegates. 

The  answers  U)  the  first  three  questions  show  the  extent  to  which  the 
w(»rk  of  the  Association  has  been  brought  before  the  notice  of  the  Corre- 
sponding Societies.  Seven  of  the  forty  Delegates  failed  to  make  any 
report  to  tiieir  Societies  regarding  the  subjects  brought  before  the  Con- 
farence  of  Delegates,  but  in  two  ol  these  cases  the  covering  letter  and 
report  of  the  Conference  was  communicated  to  the  Societies  by  their 
Secretaries.  Thirty- three  of  the  Del^ates  made  reports  to  their  Societies^ 
and  in  twenty  of  these  cases  their  reports  have  been,  or  are  being,  pub- 
lished by  the  Societies.  In  the  other  twenty  casos,  including  those  in 
which  the  Delegates  failed  to  bring  a  report  of  the  Conference  before  their 
Societies,  the  answer  to  the  secontl  question  is  a  negative.  The  Secretaries 
of  sixteen  of  the  twenty-eight  Societies  unrepresented  by  Delegates  at  the 
OonfSerenoe  brought  the  Biqport  of  the  Ck>nferenoe  and  tlie  covering  letter 
sent  with  it  before  their  req>eetive  Societies,  bat  tp  the  rest  ol  the  Societies 
it  was  not  communicated.  The  net  result  is  that  only  fifty-one  out  of 
sixty-eight  Corresponding  Societies  have  had  the  work  of  the  Association 
brought  under  the  notice  of  their  members,  and  this  was  done  by  the 
Delegate  in  thirty -three  instances  and  in  eighteen  by  the  Secretary'. 

Turning  now  to  the  answers  to  the  fourth  question  :  Fourteen  of  the 
forty  represented  Societies  answer  in  the  affirmative  and  twenty-tive  in 
the  n^gative^  while  of  the  twenty-nine  unrepresented  SodetleB  five  answer 
in  the  affirmative  and  twenty-four  in  the  negative.  Thus  only  twenty  out 
of  the  siicty-eight  Corresponding  Societies  have,  on  their  own  showing, 
done  any  work  towards  the  investigation  of  the  subjects  proposed  to  theou 
Of  these  twenty  Societies  eiglit  answer  only  *  Yes,'  \mz  twelve  give  infor- 
mation as  to  what  ihey  have  done.  The  subjects  wiiicli  they  have  taken 
up  are  the  Collection  of  Photographs  of  Geological  Interest  by  the  Bristol 
Naturalists' Society,  the  Caradoc  and  Severn  Valley  Field  Club,  the  Croydon 
Natural  History  Society,  and  the  North  Stafford  Field  Club ;  Botanical 
Survey  of  G6unties  by  the  Andersonian  NatnraliBts'  Society,  the  Bochan 
Field  Club,  the  Dublin  NaturaUsts*  Field  Club,  and  the  Leeds  Naturalists' 
Qub  and  Scientific  Association  ;  Coast  Erosion  by  the  East  Kent  Scientific 
and  Natural  History  Society  ;  Ethnographical  Survey  by  the  Buchan  Field 
Club  ;  Erratic  Blocks  by  the  Hull  Geological  Society  and  the  Liverpool 
Geological  Society  ;  Photographic  Record  of  Plants  by  the  Manchester 
Microscopical  Society.  The  West  of  Scotland  Marine  Biological  Associa- 
tion has  been  carrying  on  ilb  scheme  fur  the  investigation  oi  the  local 
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marine  fftuna  and  flora,  whidi,  though  not  on  the  set  programme  hromght 

before  the  second  Meeting  of  the  Gonlerence  of  Delegates,  is  important 
local  work  which  but  few  Societies  are  iii  a  position  to  undertake.  Seven 
Societies  state  thnt  steps  arc  being  taken  to  engage  in  some  of  the  wock 
suggested  l)y  the  Association. 

Although  the  results  are  but  buiall,  and  only  a  small  proportion  of  the 
Gorreiponding  Sodetiee  have  given  any  reiponae  to  tne  appeal  lor  co- 
operation made  to  them,  yet  the  Committee  nope  that  by  mentioiiuig  tiie 
Societies  wliich  have  taken  part  in  tlie  investigations  they  were  iuvited  to 
assist  in  other  Societies  mny  be  stimulated  to  activity  in  futui-e.  Many 
Societies  which  could  have  done  good  local  v,(trk  in  several  of  the  subjects 
suggested  for  investigation  have  for  some  reason  or  other  shown  a  lack  of 
enterprise  which  would  nut  have  been  expect-ed  of  them  ;  while  others, 
with  fewer  facilitiea,  perhaps,  have  shown  commendable  energy,  whicb 
the  Committee  hope  may  bring  its  reward. 

The  fifth  question  has  been  responded  to  by  but  few  Societies.  The 
Committee  are  glad  to  be  able  to  adopt  the  suggestion  of  the  Buchan 
F'ield  Club  to  discuss  I  lie  desirability  of  a  Pigmentation  Survey  of  School 
Children  in  Ireland  as  particularly  appropriate  for  the  forthcoming 
Meeting,  and  have  secured  the  assistance  of  Mr.  Tocher,  who  has  had 
much  practical  experience  in  the  investigation  of  this  snbjeet  in  Scotland, 
to  open  the  discussion.  The  other  subject  to  be  brought  before  the 
Conference  will  be  '  A  Plea  for  an  Ordnance  Map  Index  of  Prehistoric 
Remains,'  by  Mr.  C.  II.  Read,  Keeper  of  the  Ethnographical  Department 
of  the  British  Museum.  The  Committee  are,  however,  indebted  to  the 
Hull  Geological  Society,  the  Institute  of  Mining  Engineers,  the  Astro- 
nomical Society  of  Toronto,  and  the  Liverpool  Geological  Society  fcMr 
valuable  suggestions. 

The  following  Societies  having  failed  to  comply  with  the  rules  of  the 
Association  to  make  application  to  be  continued  on  the  list  of  Corre- 
sponding Societies,  tlie  Committee  liave  no  alternative  but  to  recommend 
that  in  consequence  they  be  for  the  present  removed  from  the  list  : — 
The  Cardiff  Naturalists'  Society,  the  Dumfriesshire  and  Galloway  Natural 
History  and  Antiquarian  Society,  the  Glasgow  Natural  History  Society, 
the  Liverpool  Literary  and  PMIoeophioal  Soeiety,  the  Helton  Field 
X  aumlists'  and  Scientific  Society,  and  the  Penauioe  Natural  Histoiy 
and  Antiquarian  Society. 


Ji^liOrl  0/ i/«  Conf'  reurr  of  Delfrjates  of  Corre$pondiltg  SociUiu 

held  at  Belfast^  iSept'Huber  190l'. 

Chairman  ,    Professor  W.  W.  Watts,  M.A.,  M.Sc.,  Sec.G.S. 

.    Vice-Chair  man      .    Mr.  J.  H.  Merivale,  M.A. 
iSecretaries     .       .    Dr.  J.  G.  Garson  and  Mr.  E.  J.  Bles,  M.A. 

The  Conferences  were  held  on  Thursday,  September  11,  and  Tuesdayi 
September  16,  at  3  o'clock  p.m.,  in  the  Queen's  College. 

The  foUoMring  Corresponding  Societies  nominated  Delegates  to  repre- 
sent them  at  &e  Conferences*  The  attendance  of  the  Delegates  k 
indicated  in  the  list  by  the  figures  \  and  2  placed  in  the  margin  opposite 
to  the  name  of  each  Society,  and  referring  respectively  to  the  first  and 
second  meetings.  Where  no  figure  is  shown  it  will  be  understood  that 
the  Delegate  did  not  £vttend. 
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Xial  qfSoeietin  rnnding  JMegatei, 

Andenoniaa  Xatnralistii'  Sociotr      .  Rer.  A.  8.  Wilton,  UJL^  BJfi» 

IJelfaat  Naturaliate*  Field  Cla"b  .      .  K.  J.  Bigger.  M.R.I.A. 

Belfast  Natural  Hiitoiy  Aod  PhikMO-  John  Brown,  F.li.B. 

phical  Society. 

2  Berwickshire  Natunlisti*  Cloh  •     #  G.  P.  HnghM,  J.P. 

Bbmingham  and  Uidhmd  iBftttnfto  0.  J.  Wntion. 

Scientific  Society. 

Birmingham   Natural   History  aud  C.  J.  Watson. 
Phiioftophical  Society. 

1  Bradford  Philosophical  Society,       •  Dr.  D.  (^cydcr. 

2    Bristol  Xaturalista'  Society       .      .  Professor  S.  H.  Rejcolda,  M.A. 

1  Buchan  Field  Club    .      .      .      .  J.  F.  Tocher,  F.I.C. 

1    S   CaradOc  and  Severn  Valley  Field  dab  Professor  W.  W.  Wat  t8»  F.0.8. 

1         Chester  Society  of  Natoal  Soionoo,  A.  O.  Walker,  F.li.8. 
Literature,  and  Art. 

S  Croydon  MIeroooopical  and  Natnial  Bdtvard  Lovett. 
History  Club. 

Dorset  Natural  Histoij  and  Anii*  Yanghan  Comiabi  D.8a,  F.B.O.S. 
quarian  Field  Club. 

1    S  Dablln  Natwalitto'  Field  Olnb  .     .  H.  J.  Seymoiir,  B.A.»  F.G A 

1    S  Bast  Kent  Scientifle  and  Hatoral  A.  8.  Bold,  If Jl. 

Historj-  Society. 

2    E^sex  Field  Club      .      .      .      .  W.  Whitaker,  F.R.S. 

1    S  Glaegow  Geological  Soolety  .  J.  Bansiay  M nidoch. 

filasgow  Natuml  History  Society  A.  Somerville. 

Glasgow  Roval  Philosophical  Society  Professor  A.  Barri  D.SOt 

Halifax  Scientific  Society  .      .      .  W.  Cash,  F.0.8. 

Hamp.shire  Field  Cinb  and  Anbno-  W.  Dalo,  F.8.A. 

logical  Society. 

S   Haslemere  Microscope  «ind  Natural  W.  Whitaker,  F.B.S4 
Hiitoiy  Society. 

HertfordsbinN^nnl  History  Society  H.  Oeorge  Fordhara* 

Ilolmcsdale  Natural  History  Club    .  Miss  Ethel  Sargant. 

2    Hull  Cieological  Society     .      .      .  J.  W.  Slather,  F.O.S. 

2  Hull  8efentiOo  and  Field  Natoralista*  T.  Hheppafd,  F.G.S. 
Club. 

Institution  of  Mining  Entrineers      .  Professor  Henry  lx)aif,  H.A. 

Isle  of  Man  Natural  History  and  P.  M.  C.  Kermode. 
Antiquarian  Society. 

1         Leeds  Oeolc^gical  Association  .  Edwin  Hawkesworth. 

1    S   Leeds  Naturalists*  Club  and  ScienUfio  Harold  Wager,  F.L.S. 
imociaTion. 

IJTerpool  Engineering  Society  •      •  Professor  H.  S.  Hele-ShaWi  F.B.8 

S    Liverpool  Geogra I ihical  Society  •      •  Profe.^jj'or  (}  <!iner,  M.A. 

S   Liverpool  Geologiud  Society    .      •  Joseph  Lomas,  F.G.S. 

Malton  Field  Natualiats*  and  Sden*  M.  B.  Blater,  F.L.8. 

tiflc  Society. 

1    2   Manchester  Geological  Society  .       .  Mark  Stirrup,  F.G.S. 

1        Mandiester  Geographical  Society     .  Joel  Wainwright. 

I    9  Mancfaester  Microioopleal  8ooiet7    .  F.  W.  Hembry,  F.R.M.8. 

X       Marine  Binln^i oil  Anooiation  of  tlie  Fkof caaor  H aloolm  Lanriek  D.80. 

West  of  Scotland. 

Midland  Counties  Institution  of  En-  Professor  H.  Louis,  M.A. 

gineers. 

1       Midland  Institute  of  Mining,  CiTil*  Jamea  BaRomBiB. 

and  Mechanical  Engineers. 

1  9  Norfolk  and  Monrieh  Natoialtata*  Dr.  R.  Woodmod,  F.RA 

Society. 

1  8  North  of  England  Institute  of  Mining  J.  H.  Merirale,  M«A« 

and  Mechanical  Engineers. 

1      Voflli  Staffoidibira  WMA  CM  .     .  K  Honbgr* 
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Northumberland,  Durham,  and  New-  Professor  M.  C.  Potter,  F.L.5. 
castlc-upoii'll^e  Kfttanl  Histoiy 

Society. 

2  Nottiogbam  Naturalists'  Society      •  William  Drad&liaw. 

Ffeisley  Philoaophical  lnstitatlon      .  William  Bestlie. 

Perthshire  Society  of  Natural  Science  Henr}-  Coatea,  F.R.8.EL 

1       Rochdale    Litexvy   aad   ticientific  James  O^den, 

fcjocitity. 

1        Scotland,  Mining  Institute  of    .  James  liarrowman. 

8omen<otshire    Archmological    and  LieuL-CoL  Bramble,  F.&A. 

Natural  History  Society. 

Sooth  Staffocdahlie  aad  Bast  Wocoes-  Vxokuat  Eeniy  Loaii. 

tershire  lottitnte  of  Mining  Kogi- 

neers. 

Soutb-Eastern  Union  of   Scientific  W.  Whitaker,  F.R.S. 
Sodetieit. 

Toronto  Astronomical  Society   .      .  "W.  II.  S.  Monck,  F.R.A.S. 

Tyncside  (ieograpbical  Society  .      .  Herbert  Shaw,  F.RG.S. 

Warwiekshire  Nataralists'  and  At^  William  Andrews,  F.OE. 

chajolocista'  Field  Club. 

1    2   Woolhope  Naturalists'  Field  Club     .  Rev.  J.  O.  Sevan,  F.S.A. 

2   Yorkshire  Geological  and  Polytechnic  Trofeasor  P.  F.  Kendall,  F.Q^ 

Society. 

1   2  Yorkshire  Natoralists' Union    .      .  Harold  Wager,  FX.S. 

FtrH  Conference^  SepUmAer  11. 

This  Conference  waa  presided  over  by  Professor  W.  W.  Watts.  The 
Corresponding  Societies  Committee  vat  represented  by  the  Glminiuuk 
nProferaor  Watts),  the  Secretaries  (Dr.  Oarm  and  Mr.  Blee),  and  the 
Bev.  J.  O.  Be  van. 

The  Cbairmau  deHvered  the  following  Address  \— 

Since  the  establishment  of  the  Conference  of  Del^ates  in  its  present 
form  many  sucoessive  chairmen,  delates,  and  readers  of  papers,  together 
with  the  representatives  of  the  Tarions  Sections,  have  brought  before  the 

Conference  reasons  for  its  existence  or  work  for  it  to  do. 

I  trust  that  I  may  be  pardoned  if,  in  enumerating  some  of  the  func- 
tions which  i>s}>ecially  appeal  to  me,  I  have  been  somewhat  anticipated  by 
contributors  to  previous  Conferences. 

First  and  foremost  in  my  belief  comes  the  fact  that  this  Confermoe  is 
the  only  body  which  gives  a  kind  of  coiporate  existence  and  standing  to 
the  Local  Societies  as  a  whole.  It  is  the  only  thing  which  brings  the 
Societies  into  touch  with  one  another,  and  it  is  the  only  hope  that  at 
present  exist.s  for  united  action  and  systematiscd  work.  That  delegates 
should  make  acquaintance,  meet  in  friendly  intercourse,  and  compare 
notes  as  to  work  done  by  themselves  and  one  another  is  also  a  good  aide 
of  our  gathering  which  is  capable  of  further  development  than  it  has  jet 
received. 

Secondly,  the  annual  printing  of  a  list  of  Societies  known  to  be 
doing  important  work,  with  an  index  of  their  publications,  is  a  most 
useful  p^uide  to  those  desirous  of  working  up  the  literature  of  any  area. 
Tlie  puhlications  are  always  of  limited  issue  and  still  more  limited  circula- 
tion, and  they  are  most  difficult  to  obtain  a  few  years  after  date.  The 
Association  has  most  wisely  treasured  the  publications  which  have  been 
sent  to  it,  and  it  is  to  be  hoped  that  this  nnicleBS  of  a  TalnableaDd  nniqoe 
collection  will  be  placed  where  it  is  widely  accesfdUe. 

Thirdly,  comes  the  stlnralatioa  of  -matnal  example  and  riraliy.  The 
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»  Local  Societies  are  especially  noted  for  their  wide-reaching  aims  and  the  all- 
•  embnciDg  list  of  subjects  which  they  pursue,  not  less  than  for  tbe  stesdj, 
peiMyering  persiBtence  with  whidi  they  will  follow  tip  lines  of  inquiry 
often  as  tedious  as  they  are  important.  Again,  local  fiusilities  or  indivi- 
dual genius  often  place  one  Society  or  other  on  some  bins  or  enabled  it  to  do 
brilliant  work  in  some  one  direction.  The  force  of  such  example  is  never 
lost  upon  tlie  other  Societies,  who  may  extend  and  even  amplify  the  results 
thus  obtained. 

In  the  foofth  place  the  Conference  has  the  power,  too  little  used,  to 
ask  for  gnmte,  and  hence,  to  back  those  of  the  Sections.  This  shonhl  have 

the  effect  of  helping  on  those  nisearches  which  have  a  local  bearing. 

In  the  last  place  the  Association  itself  profits  in  receiving  each  year 
delegates  from  all  over  the  country,  being  thus  aided  in  maintaining  the 
C08nioi)olitanism  which  is  one  of  its  leading  characteristics. 

On  looking  through  the  proceedings  of  the  Conference  since  its 
beginning  I  have  been  struck  by  the  appositeness  and  importance  of  the 
an^eets  brought  before  its  consideration.  I  know  that  yon  will  not  all 
agree  with  me  on  this  point,  bat  my  distinct  impression  is  that  the  dis- 
tinguished men  who  have  served  as  your  secretaries  have  brought  much 
skill  and  judgment  to  the  task  of  selection.  An  impro\  t  uient  might  be 
suggested,  all  the  more  readily  as  it  rests  in  your  own  hands.  I  should 
like  to  see  each  year  at  least  one  delegate  bring  up  some  topic  which  has 
been  treated  with  conspicuous  success  bj  his  own  Society-— not  merelj 
a  lew  casual  words  dropped  into  a  discussion,  but  a  considered  paper 
dealing  with  the  technique  of  an  investigation,  its  difficulties  and  pit- 
falls, and  some  of  the  conclusions  to  which  it  is  leading.  Suggestions, 
whether  from  the  inside  or  outside,  as  to  a  desirable  piece  of  work  which 
might  be  carried  out  are  usually  barren  unless  somebody  has  actually 
made  the  experiment  and  can  give  hints,  warnings,  aivice,  and  suggee- 
tions  for  improvement. 

It  is  a  good  divine  that  follows  his  own  teadiing,  and  I  propose  to 
endeavour  to  qualify,  for  the  first  and  last  time,  in  this  capacity  by 
following  my  own  advice.  I  am  here  as  a  delegate  for  two  federated 
Societies,  as  an  old  sectional  recorder  and  member  of  certain  committees, 
and  as  a  fonner  member  of  the  Geological  Survey,  and  still  interested 
in  the  promotion  of  geological  re^search.  Jn  each  capacity  I  have  a  word 
or  two  to  say,  some  of  wMch  may  be  not  altogether  devoid  of  use. 

The  Caradoc  and  Severn  Yalley  Field  Club  publishes  a  '  Record  of 
Bare  Facts,'  a  county  record  of  weather,  plants,  animals,  rocks,  and 
fossils,  so  carefully  edited  that  practically  nothing;  but  well-veritied 
mattei-s  of  fact  creej)  in.  Such  a  modest  and  useful  publication  is  sure  to 
be  a  valuable  work  of  reference  wherever  started.  But  local  publication 
should  by  no  means  stop  here.  Tlie  labourer  is  worthy  of  his  hire  and 
has  a  right  to  draw  his  deductions  from  the  facts  that  he  patiently 
harvests ;  but  it  is  not  a  bad  thing  to  separate,  as  we  do,  the  fact  from 
the  inforenoe. 

Many  of  our  older  publications  are,  however,  almost  unol)tainable, 
even  the  most  valuable  of  them,  and  this  should,  if  possible,  be  renifHlied  by 
Local  Societies.  No  source  of  .scieiititic  information  is  more  difficult  to 
hunt  through  than  provincial  newspapers,  or  less  .satisfactory  when  run  to 
earth ;  yet  this  is  a  favourite  vehicle  of  local  effort.  Hay  I  appeal  to 
Societies  to  reprint  the  more  important  of  their  papers  thus  published, 
to  distribute  their  pnblicationfl  veiy  freely  to  the  hbrariesandinstittttioiis . 
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in  their  own  county,  and  to  tjike  care  that  they  are  early  and  regnlarit 
supplied  to  tlie  more  central  institutions,  where  they  will  be  frequently 
applied  for  when  it  is  known  that  they  are  re^idily  accessible  1  Printins;  a 
few  extra  copies  is  not  expensive  when  the  type  is  onoe  set,  and  alihougli 
it  ta  troubletome  for  a  Society  to  hold  itodra  of  its  pubUeatioBi^  it 
would,  if  wilUng  to  supply  beck  parts  at  a  moderate  price,  take  mwtj 
all  excuse  from  those  writers  who  are  apt  to  ignore  local  work. 

Uniformity  of  publication  appours  to  be  past  praying  for,  and  fed^rm- 
tion  of  Societies  does  not  appear  to  have  hitherto  been  a  conspicuous  or  a 
lasting  success,  for  reasons  which  it  is  needles  to  particularise.  But  » 
common  vehicle  for  the  publication  of  the  more  important  papers  ot  the 
Societies  of  a  county  or  some  other  well-defined  area  ought  to  be  made  a 
success,  even  at  the  cost  of  cdhsiderable  sacrifice  :  it  would  be  au  imteU 
economy  and  convenience  to  the  Local  Societies  themselves,  and  to  thoM 
who  wish  to  buy  and  use  their  publications.  I  should  like  to  mentioii 
the  '  Irish  Naturalist '  as  un  effort  in  this  directioo,  which  haa  been  s 
conspicuous  success  for  many  years. 

Then  we  have  museums  in  the  county  containing  collections  of  ccm- 
dderable  local  interest,  and  this  suggests  a  further  topic  Many  Socistiw 
are  handing  over  their  museums  to  county  and  town  councfls,  in  sosn 
cases  with  considerable  success.  I  would  sugg^t  to  Societies  that  thsf 
should  retain  a  large  share  in  the  control  of  such  museums  until  the  tova 
and  county  authf)rities  have  been  thoroughly  tried. 

At  rare  intervals  there  arises  in  most  localities  someone  with  a  keen 
passion  for  museum  arrangement  and  management.  Treasure  such  a 
peison  for  all  he  is  worth ;  work  him,  unmerctf uUy  if  necessary,  bu^  woi^ 
him  hard  ;  give  him  a  fairly  free  hand  ;  b^  borrow,  or  ^te&l  for  Iiis  wants ; 
and  get  everything  you  possibly  can  out  of  him  while  he  lasts,  for  oeeh 
pernons  fH<»  young.  If  once  a  museum  is  got  into  thorough  oi*der,  made 
accessible  and  attractive,  the  good  effect  may  last  for  half  a  genoFation'* 
possibly  until  another  prodigy  or  the  paid  curator  arrives. 

As  a  member  of  the  Association  and  of  some  of  its  Committees  I 
should  like  to  say  a  few  words  with  regard  to  mattere  that  have  come 
under  my  immediate  ken. 

The  Erratic  Blocks  Committee  ;  that  which  is  tracing  the  course  of 
underground  wtiters  in  Yorkshire  ;  the  one  studying  the  life  zones  in  tb€ 
Carboniferous  rocks  ;  the  new  Committee  on  Triassic  fossils,  and  the  ones 
exploring  Irish  caves  ixnd  registering  type  specimens  of  fossils — are 
pursuing  lines  of  research  whidi  some  Iioeal  Societifle  are  sharing,  and 
which  others  would  do  well  to  share.  These  will  be  spoken  to  by  qualified 
representatives  at  our  next  meeting. 

The  taking  of  geological  photographs  is  a  matter  which  particulariy 
appeals  to  Local  Societies,  and  has  in  many  cases  l)een  taken  up  with 
vigour  and  success.  I  shoultl  like  to  mention  particularly  the  Belfast 
Naturalists'  Field  Club,  the  Yorkshire  Societies,  those  of  Kent  and  the 
South-eastern  Union,  those  of  Durham,  Surrey,  Warwickshire^  Perth, 
Manchester,  Devon,  Leicester,  Lancashire,  Staffordshire^  ttnd  other 
Societies  which  have  afforded  my  predecessor  and  myself  ""frUiny  and 
patient  assistance.  Surrey,  Warwickshire,  and  some  other  counties  are 
organising  a  general  photographic  survey  which  includes  geology,  and  the 
Geologists'  Associatitju  is  collecting  a  photographic  register  of  the  lanre 
field  covered  by  its  excursions.  The  Warwickshire  Survey  has  blossomed 
out  into  the  Nataonal  Photographic  Beoord  AModatkm.  It  is  a  good 
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thing  that  such  cheaply  and  easily  i*eproduced  records  should  be  preserved 
looalTy,  but  while  I  venture  to  hope  that  the  National  Photographic  Record 
Association  will  continue  to  receive  copies  of  the  more  import'int  j^eological 
record  photographs,  I  trust  that  the  parent  Committee  of  tlie  British 
Association — which,  remember,  was  originated  by  one  of  us,  Mr.  Jeffs, 
the  delegate  for  tbe  Liverpool  Qeologiou  Sooiety — should  notm  oopies 
iA  photograph!  not  only  of  geological  records  but  of  typical  phenomena. 

In  my  own  experience  I  find  that  it  is  through  the  Local  Society  that 
I  have  como  into  contact  with  the  individual  who  i  i  doing  the  work,  and 
this  introduction  seems  to  me  to  be  one  of  the  important  functions  of  the 
iiocietv. 

I  have  been  asked  to  refer  to  the  scheme  for  a  botanical  survey  of 
Britain  by  counties,  as  Mr.  Smith  wiU  not  be  present.  I  will  see  that 
the  topic  is  spoken  to  at  the  next  meeting. 

I  wish  next  to  speak  as  a  geologist  and  to  suggest  oertain  points  for 

consideration  by  the  delegates. 

An  uncomfortjible  idea  is  sometimes  conveyed  tliat  the  mere  tramp 
work  of  scientific  investigation  is  the  meed  of  Local  Societies,  and  that 
the  comfortable  trips  and  record  passages  are  reserved  for  the  brilliant 
ontsida  imrestigator.  There  is  no  greater  mistake.  It  is  true  that  I  onoe 
heard  one  gedogist  remark  to  another,  *  Ton  give  us  the  facts  and  we 
will  draw  our  own  conclusions,'  but  I  am  strongly  of  opinion  that  the 
man  witli  the  best  right  and  in  the  best  position  to  draw  conclusions  is 
he  who  tinds  out  and  records  the  facts. 

The  first  <;(eological  survey  of  the  country  is  now  nearing  completion, 
and  in  the  maps  there  is  a  wealth  of  raw  material  for  the  local  iuvesti* 
gator.  No  one  knows  better  than  the  geol<^oal  surveyor  that  Ids  work 
is  only  just  begun  when  he  has  got  the  lines  upon  his  map;  but  an 
impatient  Qovemment  calls  him  elsewhere,  and  he  is  only  too  willing  to 
hand  over  his  maps  and  the  threads  of  his  ideas  to  the  local  investigator 
to  work  out.  The  further  division  of  the  strata,  the  zonal  collection  of 
the  fossils,  the  relations  and  origin  of  the  igneous  rocks,  and  the  fascinating 
problems  relating  to  the  origin  of  the  landscape  features,  all  become  for 
the  first  time  possible  with  the  completion  of  the  1-inch  map. 

After  the  survey  new  wells,  borings,  cuttings  quarries^  and  other 
sections  are  opened  up,  and  the  Local  Society  can  do  excellent  work  either 
in  the  person  of  the  local  geologist  or,  if  there  be  no  such  person,  by 
giving  information,  which  is  always  gratefully  received  and  generally 
acted  upon,  to  the  ofiice  of  the  Survey. 

As  examples  I  mav  mention  the  examination  of  many  new  ml  ways, 
pipe  lines,  sewersi  ana  other  works  which  have  been  studied  and  ra* 
,  pmted  upon  locally  or  from  the  Survey  ofiice.  Previous  to  the  survey  of 
Chamwood  Forest  nobody  knew  that  the  Mountsorrel  granite  had  been 
sculptured  by  desort  wind-storms  in  Triassic  time.  But  suspf^^ting  that 
such  would  turn  out  to  be  the  case,  T  asked  local  observers  to  watch  the 
excavations,  with  the  result  that  in  a  few  years  the  necessary  evidence 
was  forthcoming. 

It  has  long  been  recognised  that  there  are  two  geologies— the  superficial 

and  the  solid  ;  one  dealing  with  surface  accumulations  of  drift,  gravel,  and 
subsoil,  the  other  with  the  rocks  built  into  the  earth's  crust.  The  former 
obaourra  the  latter  on  the  ground  and  in  the  maps,  but  is  very  important 
as  the  connecting  link,  through  the  soil,  between  the  inorganic  earth  atid 
the  life  on  it.   But  a  third  geology  is  now  becoming  prominent^  especially 
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lor  economic  reaions,  and  it  may  bo,  termed  abysmal.  The  upper  strata 
of  the  'solid  rocks'  are  often  related  to  the  lower,  in  the  same  way  as 
the  superficial  geology  is  related  to  the  solid  ;  and  thus  viuit  mineral  riches, 
coal  iron,  minerals,  and  water  in  the  earth's  crust  are  hidden  by  the 
upper  rocks,  and  there  is  no  means  of  judging  their  pontion  and  trend 
except  by  boring  through  the  iipper  onwt. 

until  the  Qovemment,  in  the  interest  of  the  national  weal  and 
wealth  ii  wiie  enough  to  undertake  t!ie  systpmatic  exploration  of  abysmnl 
Molosy,  everythinsj  must  be  dono  by  individual  etfort.  If  borings  are 
Scces«ful  the  details  are  kept  dark,  if  unsuccessful  they  are  forgotten. 
Now  whether  successful  or  not  from  an  economic  point  of  view,  every 
boring  i»  most  precione  lor  a  knowledge  of  the  abynnal  geology,  and 
every  reooid  lost  is  paid  for  five  or  nx  tiuios  over  by  some  indiTidnal, 
and  of  ooune  eventnally  by  the  nation.  The  Local  Societies  may  often 
save  this  loss  by  bpin<;  on  the  spot,  by  knowing  and  influencing  the  indi- 
<vidaal8  oonoemed,  and  by  the  fact  that  tlieir  interest  is  scientific  and  not 
commercial.  To  them  I  would  say,  get  and  keep  all  possible  records  of 
borinffs— honestly  if  possible,  but  get  them. 

Again,  the  Local  Societies  are  gjDod  j  udges  of  local  needs*  and  to  them 
the  accuracy  or  inaocnracy  ci  their  geok)gioal  nap  is  vital.  It  is  lor 
them  to  aid  in  bringing  influence  to  bear  on  the  authoritieB  when  eor> 
ZOotions  and  new  surveys  are  desirable. 

The  relations  of  geology  and  landscape  can  only  be  satisfactorily 
worked  out  by  the  local  observer,  who  knows  the  country  in  every 
aspect  and  who  has  time  to  visit  and  revisit  This  line/)f  inquiry  may  be 
t  xptcted  to  yield  many  new  and  important  results  to  local  inquireca  in 

the  next  few  years* 

Bat  the  main  geological  fonotioii  of  the  Local  Societies  is  to  keep  a 

watchful  eye  always  open.  Every  new  section  brings  some  new  infor- 
mation some  alteration  or  continuation  of  previous  opinion,  some  cliance 
for  fresh  investigation.  It  is  always  better  that  the  cream  of  such  work 
should  be  skimmed  by  the  local  observer  if  possible,  but  if  he  is  non- 
existent it  is  the  plain  duty  of  the  Sooioty  to  call  in  help  from  the  outside. 


Dr  Garson  placed  before  the  Conference  the  Report  of-  the  Corre- 
BDondin^'  Societies  Committee  presented  to  the  General  CSoi^ittee. 

In  doing  so,  he  drew  attention  to  the  letter  sent  to  the  Oorreqponding 
Societies  and  to  the  Delegates,  and  especially  to  the  recommendation  therein 
node  that  eaoh  Society  should  appomt  a  Special  Committee  of  its  own  to 
OQiigider  what  work  it  could  do  to  assist  in  the  investigations  of  the  various 
AMociation  Committeea  which  desired  the  co-operation  of  the  Corre- 
sponding Societies.  »      j  * 

He  said  that  although  the  programme  embraced  the  work  of  meet  of 
the  Sections,  complaint  had  been  made  by  one  Geographical  Sodety  that 
•  the  subjects  tabulated  do  not  come  within  the  scope  of  this  Society.'  The 
Delecat^  he  thought,  would  be  of  opinion  that '  Variations  in  the  Course 
of  ^vers  and  Shape  of  Lakes,'  one  of  the  subjects  set,  was  purely  geo- 
graphical, and  that  the  excuse  given  for  not  taking  part  iu  the  work  was  an 
^  one,  especially  fis  the  Society  in  que.stion  had  at  least  two  important 
river-baLins  within  easy  reach  of  its  members. 

He  commented  strongly  upon  the  supmeness  shown  by  the 
of  many  of  the  Societies  in  making  the  returns  required  by  the, 
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for  retention  of  their  Societies  on  tho  list  of  Corresponding  ^Societies,  and 
smiled  upon  the  Delegates  to  note  Lliat  the  Committee  had  l>een  obliged  to 
strike  six  iSocieties  oiY  the  list  in  consequence  of  the  neglect  of  their 
Secaretmriet  to  make  any  return  whatever,  notwithstanding  that  they  had 
been,  npeatedly  wked  to  do  to. 

The  manner  of  bringing  the  vork  of  tho  AaioeiatioQ  in  which  the 
Corresponding  Societies  were  invited  to  take  part  before  the  SocietiM  le£t 
nmcli  to  be  desired.    While  some  of  the  Delegates  and  SeoratariflS  took 
much  trouble  to  bring  the  matter  before  their  Societies,  others  were  very 
lax  ;  seven  out  of  forty  Delegates  at  last  year's  Conference  had  failed  to 
make  any  report  to  their  Societies,  and  only  fifty-one  out  of  sixty-eight 
S<X3ieties  had  any  oommunicatiou  made  to  them  on  the  subject.    The  kind 
of  oonummioalioii  made  by  soma  of  these  Delegates  was  not  what  it  should 
bau    Vor  instaneo,  the  report  of  one  Delegate,  taken  haphazard,  was  not 
made  till  one  month  before  the  vetam  of  the  work  done  by  the  Sooietj 
during  the  year  had  to  be  sent  in  to  the  Association.    The  report  sub- 
mitted to  the  Society  at  that  late  period  was  so  highly  un satisfactory 
that  he  reoA  it  to  show  what  a  report  should  not  l)e  like.    He  observed 
that  not  one  of  the  subjects  suggested  for  investigation  by  Corresponding 
•Societies  is  mentioned  in  this  report,  nor  is  there  a  word  in  it  regarding 
the  oontents  of  the  printed  report  of  the  Conference  sent  to  the  Delegate 
and  to  the  Social  be  fepresented. 

Since  the  Report  to  mb  Council  was  made,  the  Corresponding  Societies 
Committee  have  received  replies  from  the  Secretaries  of  the  various  CoQr 
mittees  of  the  Association  and  others  mentioned  in  the  list  as  desirous 
of  obtaining  the  co-operation  of  Corresponding  Societies,  to  whom  the 
following  letter  was  issued  at  as  late  a  data  before  the  meeting  as 
possible,  so  that  every  Society  which  had  done  or  attempted  to  do  any 
work  might  be  credited  with  it : — 

B?itidl  Association  for  the  Advancement  nf  Science, 

Burliogton  House,  London,  W., 

August  6,  1902. 

Dear  Sir, — I  shall  be  greatly  obliged  by  your  kindly  answering  the 
following  questions,  which  are  asked  with  a  view  to  ascertain  what  has 
been  done  lyy  Corresponding  Societies  of  this  Association  since  the  meet- 
ing last  year  at  Ghutgow  with  respeot  to  


in  which  their  co-operation  was  requested  : — 

1.  l^ame  the  Societies  from  which  yonr  Committee  have  received 

assistance  in  your  investigations  or  work,  by  local  observations 
or  otherwise,  made  by  committees  or  individual  members  of 
those  Societies.  • 

2.  Name  the  Societies  on  behalf  of  which  application  has  been  made 

to  you  or  to  any  member  of  yonr  Conimittee  for  particulars 
rcg^tfding  your  inTestigations,  and  as  to  how  diev  coold  assist 
theiem,  tout  from  whom  yon  have  not  yet  received  any  results. 

An  early  reply  will  oblige,  to  enable  my  Committee  to  complete  its 
Keport  for  the  Belfast  meeting. 

J  ami  yours  faithfully, 

J.  G.  OABBOir, ' 
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The  results  are  as  follows  : — 

6.  Geological  Fhotograph^i  Commitf^r.—  Your  Societies  have  done  work 
in  connection  with  this  Committee— namely,  the  Leeds  Geologioal  Asso- 
ciation, the  Croydon  8cienti6c  and  Nataral  History  Society,  the  Belfast 
NAtovallstg'  Field  Olab,  and  the  Torkahife  KaAunOisto'  UnioQ  ;  and  two 
Societies  not  on  the  list  of  Oorretponding  Societies — namely,  the  Durham 
XXniveraity  Philceopbical  Society  and  the  GeoiogiBta'  A«ociation  of 
Iiondon. 

8.  The  Ethnofjrnphicai  Photographs  Committee  have  had  inqoiiiea  frooi 
the  Beifiist  Natural  History  and  Philosophical  Society. 

9.  The  lUgufnlliim  o/Negati^  of  Mtmieai  Fkotograpki  CommiUm 
have  had  inqniriea  from  the  Manchester  Mierosoopioal  Society. 

11.  CoMt  Erosion. — Mr.  Whitaker  reports  that  inquiries  were  made 
about  this  work  by  the  Belfast  Naturalists'  Field  Club  and  the  East  Kent 
Scientific  and  Natural  History  Society.  The  Report  of  the  Committee 
mentions  that  work  has  been  done  by  the  Yorkshire  Naturalists*  Union, 
the  Yorkshire  Geolo^cal  and  Poly tochnic  Society,  the  Belfast  Field  Clab| 
and  the  Hull  Oeokmcal  Society. 

18.  ItMord  iore-hotet,  WdU,  and  Seeiwm.'^'MT,  Merivale  npoftt 
that  the  North  of  England  Institnte  of  Mining  and  Mechanical  Engineers 
have  decided  to  publish  a  supplement  to  their  record  of  shaftSi  bore  hotes, 
dsc,  and  have  begun  to  collect  information  for  the  purpose. 

15.  Archmoloffical  purvey  of  Counties. — Mr.  Be  van  repK)rts  that  the 
Woolhope  Naturalists'  Field  Club  are  engaged  on  this  work. 

16.  iiknograi^ikal  Survey. — ^Hie  Bnefaan  Field  Ofaib  have  been  eon* 
tinning  their  work  and  publishing  aooonnts  of  the  resnlta  obtained  bj 
their  members  in  Scotland. 

17.  Botanical  Surt-nj  of  Countifit. — Dr.  \V.  G.  Smith  reports  that 
arrangements  have  been  made  to  co  onerat€  with  the  Yorkshire  Natn- 
ralists'  Union  in  a  survey  of  Yorkshire.  Assistance  has  been  given  by 
members  of  Natural  History  Societies  in  Huddersfield,  Halifax,  and 
Leeds.  Bilotnitttion  haa  also  been  asked  regarding  the  snrvey  by  the 
Brighton  and  Hove  Natnial  History  and  Philoaophi^  Sooie^. 

18.  Photographu}  Eecord  of  Plant d. — Mr.  Coomdrasw&my  reports  that 
he  had  an  inquiry  for  information  from  the  Brighton  and  Hove  Natnrml 
Kistory  and  Philosophical  Society, 

The  work  of  the  Corresponding  Societies  may  be  considered  to  be  of 
two  kinds,  viz.  (1)  Educational,  by  which  he  meant  the  diffusion  of 
soientiflo  Imowledge  among  the  memben ;  (2)  Beaeaicli  or  iavnstigataaa 
lorthe  elncidation  of  the  hitherto  unknown.  While  everyonewoold  agrae 
that  all  the  Corresponding  Societies  are  doing  OKoellent  work  in  the 
former  department,  unfortunately  those  who  take  part  in  the  latter  kind 
of  work  are  but  few  comparatively.  Yet  it  is  Local  Scientific  Jni  eatifjatioH 
and  publication  of  the  results  ftiereof  which  the  British  Association 
requires  of  a  Society  to  make  it  eligible  to  be  placed  on  the  list  of  the 
Ocmsponding  Societies.  He  thenfon  hoped  tfasi  the  aooonnts  ff^^tk  of 
the  work  done  during  the  past  year  would  bring  hom  to  many  Societiss 
the  information  whereia  their  WQik  is  deleoCivo  and  rtimnlato  all  the 
6ociofeiettodonioie» 

Mr.  A.  0.  Walker  said  that  he  represented  a  flourishing  society  of 
over  600  members^  but  none  of  them  were  of  the  leisured  class.  He 
thoi|M«Mtfrom  wtoos  omsm  Local  Societies  wore  nearly  jOayed  oth 
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He  hail  tried  over  and  over  again  t^>  engage  the  younger  men  on  the  work 
recommended  by  the  As.sociatioii,  but  without  success.  His  society,  how- 
ever, supported  a  local  museuiu  iu  which  was  oontaiaed  a  coUectiou  ol 
objects  speci&l  to  the  district. 

Mr.  Toofaer  did  not  agree  with  Mr.  Walker  aa  regards  the  Looal 
Societiea  being  played  ont  The  society  he  represented  had  daring  the 
lut  year  made  observations  on  the  pigmentation  of  over  2,000  children. 
He  wished  other  societies  would  take  an  active  interest  in  this  work. 

Dr.  Henry  Woodward  said  that  there  were  many  fields  of  local  know- 
ledge which  were  not  yet  exhausted,  and  he  hoped  that  Local  bocietiea 
would  pursue  the  work. 

Mr.  Mark  Stirrup  pointed  ont  that  there  was  often  some  difficnlty 
experienced  by  societies  in  getting  Delegates  to  represent  them  at  the 
Conforence.  The  scientific  societies  alio  suffer  from  the  counter-attrae- 
tions  offered  by  the  various  athletic  societies  to  young  nien. 

Mr.  Murdocli  regretted  the  loss  of  old  members  who  hml  taken  active 
part  in  the  practical  field-work  of  his  society,  and  he  hoped  that  others 
might  be  found  to  hll  their  places. 

Mr.  H.  J.  Seymour  explained  that  lus  society  had  been  in  the  habit  of 
offering  a  prize  for  the  best  map  of  the  local  area  showing  the  distribntlon 
of  headier  and  iUnstrating  its  zoology,  botany,  and  geology, 

Mr.  J.  F.  Tocher  then  read  the  following  peper : — 

A  Flea  for  a  Figmentaiion  Survey  of  SeliooL  Children  in  Ireland, 

It  is  a  matter  of  common  knowledge  and  experience,  even  among  the 
least  observant^  that  there  is  great  variation  in  the  colonr  characteristics 

of  the  general  population  in  the  British  Isles.  The  cause  of  the  variation, 
the  exact  number  of  shades  of  colour  involved  iu  it,  and  the  lelationship 
of  colour  to  race  are  problems  of  great  interest  to  anthro}X)logists.  Tn  a 
general  way  we  have  all  some  views  on  this  relationship.  The  inheritance 
of  colonr  as  well  as  that  of  other  characteristics  of  onr  parents  scarcely 
requires  proof ;  it  is  an  everyday  experience.  There  would  be  a  dis- 
position, for  instance,  on  the  part  of  a  speculative  person  to  assume  a 
fair-haired  and  blue-eyed  child  to  be  of  a  Norwegian,  a  Teutonic,  or  a 
Saxon  origin.  The  reason  for  this  is  based  on  the  association  of  these 
colours  with  many  of  the  Norwr^iiuis  and  (iernmns  one  has  met,  up)on 
the  teaching  of  history,  and  uouii  iraiUtion  as  to  tiie  appearance  of  these 
peoples,  (m  the  other  hand,  one  might  say  that  a  swarthy-skinned, 
dark -haired,  and  dark-eyed  person  bad  a  southern  origin,  and  might  be  an 
Italian,  a  Frenchman,  or  a  Spaniard,  for  similar  reasons.  The  probability 
of  the  inference  being  correct  is  greater  in  the  former  than  in  the  latter 
case.  The  point,  however,  is  that  we  have  here  a  lough  qualitative  test 
of  race  applied  by  a  general  and  not  a  speciali.sed  observer.  The  object 
of  a  survey  of  the  colour  characteristics  of  the  children  of  Ireland  would 
be  to  detennine  quantitatively  the  various  shades  of  colonr  existing 
among  the  people  of  Ireland,  and  thereby  throw  additional  light  on  their 
xaeial  origin.  On  the  CSontinent  a  survey  of  this  kind  has  already  been 
carried  out  in  Germany,  Austria,  and  Switzerland,  In  Germany  the 
survey  of  the  German  Anthropological  Society,  carried  out  in  1875  and 
1876  under  the  direction  of  Virchow,  has  yielded  most  interesting  results.^ 
Virchow  found,  for  instance,  that  G8  per  cent,  of  the  children  over  the 

•  Archil' J'Ur  Antkropologie^  1886,  pp.  2  7^- A  75. 
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whole  of  Germany  were  fair-haired  and  that  40  per  cent,  were  blue-eyed. 
If  the  coinbinntion  of  these  two  chamcteristics  is  considered — that  is, 
what  is  called  the  blond  type  — the  proportion  was  found  to  be  31-8  per 
cent.  The  distribution,  however,  was  not  uniform.  In  North  Germany 
43  per  cent,  of  the  eUldren  were  of  the  Uond  type,  while  in  BomA 
Oennanythe  percentage  was  only  18.  This  evidenoe^  which  emfaffwes 
the  quantitative  determination  of  the  colour  characteristios,  is  much  more 
valuable  than  mere  general  statements  supplied  by  history.  Historical 
e%ndonce,  however,  can  by  no  means  be  ij?norccl,  for  it  forms  a  basis  for 
deduction  as  to  pre-existing  races.  This  was  brought  prominently  for- 
ward in  the  survey  of  the  school  childi*en  of  East  Aberdeenshire,  whkh 
was  carried  oat  by  my  colleague  Mr.  Qrar  and  myself  in  1896.  Hie 
hair  colour  most  prevalent  among  Aberdeenshire  children  is  that  d 
brown  in  vaiying  sluules.  It  was  found,  however,  that  among  the  14^500 
children  surveyed  7  per  cent,  were  red  liaired,  but  in  some  parts  there 
were  20  per  cent,  of  red-haired  children.  This  high  percentage  appears 
to  be  distinctly  peculiar  to  Hcotland,  for  among  the  0,700,000  school 
children  of  Germany  onl^  '25  per  cent,  were  red-haired.  If  one  takes  the 
description  given  hy  Taeitui  of  the  appearance  of  the  Caledonians  to  he 
aoearate^  it  would  be  open  to  Infer  tha^  among  the  general  popnlatioii  of 
Aberdeenshire,  a  distinct  group  is  descend^  from  that  ancient  and 
warlike  people.  I  think  it  can  be  reasonably  advanceil  that  the  survey 
of  a  county  is  scarcely  sufficient  as  a  basis  for  ethnological  deduct  ion  !i. 
One  has  only  the  statistics  from  a  fraction  of  the  race,  and  many  factors 
tell  against  prBSuming  the  general  population  of  a  county  to  be  an  average 
of  the  race.  The  survey  ca  Scotland,  however,  has  now  heen  undertaken 
by  a  special  oommitteev  and  the  teachers  are  to  be  invited  to  co-operate 
and  to  supply  the  necessary  information  by  the  end  of  the  present  year. 
It  i>i  extremely  desirable  tliat  a  similar  survey  should  be  carried  out  in 
Ireland.  The  Irish,  as  a  ]>e(ij)le,  are  said  tf>  be  the  most  ancient  in  th« 
British  Isles,  and  theii- early  contact  with  Scotland  and  the  Scottish  people 
is  specially  interesting  to  the  two  countries.  The  close  relationship  of  the 
Qaelic  language  to  the  ancient  Irish  points  to  a  time  when  the  EQgfa- 
landers  of  Scotland  and  the  Irish  formed  one  racial  group,  speaking  a 
common  language  ;  Avhile  the  existence  and  distribution  €i  the  U3k»- 
dwollings  in  Ulster  and  in  (lalloway  point  to  early  immigration  fp^ra 
Ireland  to  Scotland,  long  before  the  age  of  Columcille.  The  antiquary 
is  engaged  in  unravelling  the  mystery  of  the  more  complete  megniithic 
monuments  such  as  Stonehenge  and  Kew  Grange,  and  tiie  hundreds  ol 
fragmentary  ones  distributed  over  the  British  Mm,  of  which  Irriaad  and 
Scotland  have  the  larger  share.  The  historian  has  still— and  so  has  the 
philologist  and  everybody  else — in  the  origin  of  the  Picts  and  the  origin 
of  the  Scots  and  Kelts  a  problem  of  the  greatest,  difficulty  to  solve.  We 
can  render  some  assistance  in  dealing  with  these  most  interesting  racial 
questions  by  accurately  describing  the  physical  appearance  and  the  phy- 
sical characteristics  of  the  people  of  the  present  day  who  speak  the  Irish, 
the  Gaelic,  and  the  English  tongues.  This  we  can  do  without  in  the 
least  committing  ourselves  to  what  would  be  quite  an  emmeous  deductmo, 
namely,  that  all  those  who  speak  these  languages  are  necessarily  descended 
from  the  people  who  originally  spoke  them.  As  a  preliminary  to  the 
survey  of  the  phvsical  and  mental  characteristics  of  a  people,  the  survey 
of  the  colour  ciiaracteristics  is  of  special  importance.  Such  a  sun  ey  could 
be  speedily  carried  out  under  the  direction  of  a  special  Irish  oommittei, 
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or  of  tho  local  scientific  aaaodations  of  IreUuid.  The  adminlile  retearches 
already  carried  out  hj  Irish  societies  on  Irish  antiquities  and  on  Irish 
history  are  universally  known,  and  a  coiiimittoe  under  the  direction  of 
these  societies  would  be  well  fitted  to  carry  out  this  desirable  scheme. 
In  the  Scotch  survey  it  is  proposed  to  note  tlie  name,  age,  sex,  and  birth- 
place of  each  child,  as  well  as  the  colour  chaiaeteristics.  This  has  already 
been  done  in  the  coniity  of  Aberdeen,  and  an  analyais  of  the  surnames 
and  their  relationship  to  colour  brought  out  some  striking  results.  It  does 
not  follow  ti  priori  that  there  is  any  general  relationship  of  the  one  to 
the  other,  but  from  an  ethnohjgical  point  of  view  it  is  liigldy  desirable 
to  know  whether  there  is  any,  and  to  what  extent.  If  .surnames  gene- 
rally show  a  tendency,  as  groups,  to  develop  into  natural  >  arieties  of  tlie 
population,  this  would  point  to  the  preservation  of  the  leading  oharaoter^ 
istics  in  families.  The  rapid  development  of  statistical  science  Is  valuable 
to  the  ethnologist,  as  the  methods  can  be  applied  in  many  ways.  An 
important  nietliod  is  that  of  determining  trie  variability  or  standard 
deviation  of  a  group  from  the  avera^(>.  If  this  is  applied  to  colour  and  to 
the  measurements  of  other  characteristics,  we  have  the  means  at  our  dis- 
posal of  determining  whether  there  has  been  mixing,  and,  relatively,  to 
what  extent  the  admixture  has  taken  place.  Even  the  bare  Information 
as  to  the  frequency  of  particular  surnames  throughout  IreUuid  is  in  itself 
interestiiig.  In  Aberdeenshire  is  was  found  that  the  sumaoie  of  Milne 
was  the  most  frequent,  while  the  name  of  Smith  had  to  occupy  a  second 
place.  Contrary  to  all  expectation,  only  14  per  cent,  of  the  names  were 
of  Highland  origin.  The  proposed  survey,  besides  ascertaining  the  colour 
characteristics,  would  determine  the  frequency  of  surnames  in  Ireland. 
One  would  be  able  then  to  say  what  proportion  was  purely  Irish,  and 
which  Irish  surnames  were  the  most  frequent,  besides  determining  the 
proportion  and  frequency  of  those  of  foreign  origin.  These  are  the  leading 
points  in  the  plea  T  desire  to  put  forward  to-day,  to  institute  a  survey 
of  the  colour  characteristics  of  the  school  children  of  Ireland.  Before 
such  a  survey  can  be  oirried  out  it  is  essential  that  the  co-operation  of 
the  school  teachers  of  Ireland  should  be  aeeuFed.  But  I  do  not  think 
there  will  be  any  difficulty  in  this,  seeing  that  the  object  is  to  increase 
our  knowledge  of  the  origin  and  characteristics  of  the  Irish  mce.  This 
Is  an  object  which,  in  addition  to  being  scientific,  may  be  fairly  described 
OS  a  patriotic  one  ;  and  in  patriotic  leeling  the  Irish  people  have  never 
been  found  to  be  deficient. 

Dr.  Henry  Woodward  suggested  that  the  attention  of  the  lioyal  Irish 
Academy  should  be  called  to  the  importance  of  this  subject,  and  that  the 
Academy  be  asked  to  take  up  the  matter  and  provide  necessary  funds  for 
carrying  it  out. 

Mr.  Bevan  recommended  that  the  attention  of  the  Educataonai  Depart- 
ment should  be  called  to  the  subject. 

After  some  further  remarks  the  meeting  was  adjourned. 

Srrorid  Coii/e7-f}ire^  Sepienther  16. 

Trofessor  W.  W.  Watts,  M.A.,  M^Bc,  in  the  chair. 

Tlie  Chairman  explained  that  the  special  business  of  this  meeting  was 
to  hear  what  the  representatives  of  the  various  Sections  of  the  Association 
had  to  say  with  regard  to  the  work  of  those  Committees  in  which  the 
•€0-operatiou  of  the  Correiipouding  Societies  is  desired. 
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It  was  agreed  that  the  sevenil  subjects  niontionfd  on  pages  852  and 
853,  which  were  solocted  last  year  for  investigation  by  the  Corre8]>oiiding 
Societies,  be  retaint  d  on  the  list  and  again  recommended  to  them  for 
investigation  during  the  ensuing  year,  except  No.  6,  which  i:i  to  be  omitted, 
•nd  Na  18,  which  hM  been  amalgameted  with  No.  9. 

No  representative  of  Section  A  (MathematioB  and  Physics)  was  preeeot. 

Professor  E.  A.  Letts,  D.Sc,  Ph.D.,  as  a  delegate  from  Section  B 
(Chemistry),  called  attention  to  Dr.  Gladstone's  communication  on  the 
phosphorescence  and  fluorescence  of  dianionrls,  and  suggested  that  oppor- 
tunity should  be  taken  of  examining  as  many  specimens  as  possible. 

In  a  pa^r  by  Mr.  J.  S.  Totton  and  Dr.  Letts  the  fu  notions  of  aquatic 
v^^getation  in  abeorbing  oertein  of  the  nitrogenous  oonstitaeate  of  aewage 
were  dealt  with,  and  reference  was  made  to  a  previous  communication  by 
Mr.  J.  Hawthorne  and  Dr.  Letts  on  the  Seaweed  Ulva  latissiina  and  its 
relation  to  sewage  pollution  of  sea- water.  It  was  shown  (1)  that  its 
tissues  contain  a  very  high  proportion  of  nitrogen  ;  (2)  that  it  absorbs 
ammonia  and  nitrates  with  great  rapidity  from  sea  water  either  naturally 
or  artificially  contaminated  with  those  substances  ;  (3)  that  the  Ulva  only 
oooim  in  quantity  in  those  localities  where  the  sea^water  is  poUnted  with 
sewage  ;  and  (4)  that  in  both  Dublin  Harbour  and  Belfast  tough,  which 
are  localities  of  the  kind,  a  serious  nuisance  is  caused  annually  by  the 
putrefaction  of  the  seaweed  when  washed  ashore.  Professor  Letts  said 
that  he  would  be  very  glad  if  those  members  of  the  Corresponding  Socie- 
ties who  wei*e  botanistii  would  keep  this  seaweed  under  observation,  and 
would  report  its  ocoorrenoe  in  quantity  in  any  particular  diBtrict,  together 
with  the  looal  conditions  as  to  pollution,  dec. 

Professor  Grenville  A.  J.  CoH  li.B.1. A.,  F.O.S.,  represented  Section 
C  (Geology),  and  summarised  the  more  important  work  put  before  the 
Section,  pointing  out  how  local  observation  might  assist  in  clearing  up 
such  problems  as  those  of  the  Pomeroy  liocks,  the  distribution  of  northern 
erratics,  tka 

Dr.  H.  Woodwaid,  F.RS^  caUed  the  attention  of  the  Delegates  to 
the  importance  of  registering  s^l  type-specimens  of  fossils  in  the  Britidi 
Isles.  Many  types  were  buried  in  local  museums,  and  the  yariooa 
Corresponding  SocietieB  would  do  eicoellent  service  to  science  faj  securing 
their  registration. 

Mr.  W.  E.  iloyle,  M.A.,  representing  Section  I)  (Zoology),  referred  to 
the  work  in  this  Section  which  might  be  assisted  by  local  observers 
Such  subjects  as  the  investigpktion  of  the  imeet^iuina  of  Irish  caves,  and 
obaervatioiis  on  mimicry  in  British  inseots»  were  cited  as  suitable  for 
oertain  local  societies. 

Dr.  H.  R.  Mill,  F.R.S.E.,  attending  as  a  representative  of  Section  E 
(Geography),  said  that  he  had  more  than  once  had  occasion  to  be 
grateful  to  Local  Societies  for  important  assistance  in  collecting  material 
for  the  comprehensive  discussion  oi  natural  phenomena.  There  were 
sometimea  diffioultkB  in  the  way  of.  such  sooietiea  canying  out  researches 
which  demanded  the  knowledge  and  application  only  to  be  expected  firam 
spedalistB  who  devoted  their  whole  time  to  the  subject ;  but  the  collection 
of  data  was  an  essential  preliminary  to  all  scientific  work,  and  for  this  the 
societies  were  admirably  suited.  There  was  one  way  in  particular  in 
which  he  believed  the  members  of  I>jcal  Societies,  especially  those  in 
Ireland,  oould  hnd  interesting  occupation  sure  of  leading  to  useful 
aokntifto  renUti.  He  wae  devoting  himeelf  to  the  collection  and  diKtu- 
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sicm  of  dttta  rekting  to  the  minfall  of  the  British  Isles,  and  in  carrying 
on  what  was  really  a  national  work,  though  done  by  the  cooperation  of 
the  observers  themselves,  the  chief  difficulty  had  been  the  constant 

changes  in  the  stations  where  observations  were  made,  on  account  of  the 
death  and  removal  of  the  observers.  This  difficulty  might  to  a  great 
extent  he  obviated  if  every  scientific  society  would  make  itself  responsible 
(as  many  already  did)  for  keeping  an  accumte  and  continuous  record  of 
the  foil  of  rain,  or,  it  might  be,  a  series  of  records  at  properly  selected 
places  in  their  own  neighbourhood.  Ko  element  of  climate  was  so 
Tariable  and  apparently  so  capricious  as  rainfall :  hence  the  impoesibiUty 
of  having  too  many  ganc'os,  provided  they  wore  of  f^ood  quality,  properly 
placed,  and  conscientiously  observed.  At  present  there  were  large  tracts 
of  country  in  Ireland,  in  the  highlands  of  Scotland,  and  in  the  Moorland 
districts  of  all  parts  of  the  countiy,  about  the  rainfall  of  which  we  were 
almost  entirely  ignorant*  No  donbt  the  mere  accumulation  of  records 
was  an  unworthy  aim  and  inyolved  only  useless  trouble  if  they  were  not 
turned  to  account.  But  the  rainfall  figures  were  turned  to  account  as 
soon  as  received  in  the  compilation  of  an  annual  volume  containing  not 
only  the  complete  record  for  the  year,  but  a  series  of  comparisons  and 
discussions — one  place  and  one  year  is  compared  with  other  j)laces  and  other 
years.  On  application  to  Dr.  Mill,  G2  Camden  Hquare,  London,  N.W., 
full  particulars  as  to  observing  and  recording  rainfall  will  be  sent  to  any- 
one interested. 

Prolesaor  S,  J.  Chapman,  M.A.,  attended  as  a  Delegate  from  Section  F 
(Economic  Science  and  Statistics),  and  explained  that  a  Committee  of 
this  Section  was  engaged  in  investigating^  tlie  effect  of  the  Factory  Acts 
relating  to  women  on  their  wages  and  conditions  generally,  and  that  they 
would  be  glad  of  information  from  any  district,  or  to  hear  of  people  who 
would  he  willing  to  do  some  direct  investigating  in  the  matter. 

Mr.  Mark  Barr  attended  as  a  representative  of  Section  G  (Engineer- 
ing) and  called  attention  to  the  Committee  for  investigating  the  Resis- 
tance of  Road  Vehicles  to  Traction. 

Mr.  G.  Coffey,  as  a  Delegat*-  from  Section  H  (Anthropology),  brought 
before  the  Conference  a  letter  referring  to  the  destruction  which  is  going 
on  on  Dartmoor  b^  removing  stones  f^m  certain  ancimit  monuments  for 
road  repairs.  This  gave  rise  to  a  discussion  on  the  protection  of  ancient 
monuments,  and  the  following  resolution  was  ultimately  passed,  on  the 
motion  of  the  Bev.  J.  O.  Bevan  : 

*  From  communications  received  relating  to  the  destruction  of  earth- 
works and  other  historic  and  prehistoric  remains,  this  Conference  is 
rendered  sensible  of  the  necessity  for  the  systematic  indexing  of  impor- 
tant anthropological  remainSi  county  by  county,  with  a  view  to  their 
preservation.  It  therefore  commends  the  collection  of  material  to  Local 
Societies,  and  expresses  the  hope  that  steps  may  be  taken  to  co-ordinate 
the  various  elements  involved,  and  to  arrange  for  the  publication  of  the 
work.' 

Mr.  Harold  Wager,  as  a  Delegate  from  Section  K  (Botany),  called 

attention  to  the  Committee  for  the  Registration  of  the  Negatives  ol 
Botanical  Photographs  and  also  to  the  Committee  for  investigation  of  the 
Cyanophycejp.  It  is  within  the  power  of  many  local  societies  to  render 
material  assistance  to  the  work  of  both  these  Committees. 
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At  thii  Oonfeieiioe  the  foUowing  paper  mm  read 

A  Plea  for  an  Ordnance  Map  I-ndex  of  Prehisioric  Memamt* 
By  GuABLBB  BL  Bbao,  F*S,A* 

Donnre  the  past  £ew  years  theie  has  been  no  little  diseoanoin  with 
regard  to  the  presenratum  and  aooeaaibUity  of  the  beet  know  n  and  most 
important  of  our  prehistoric  monuments,  viz.,  Stoneheoge*  The  discusBion 
seems  to  be  still  proceeding,  but  it  has  had  one  pjood  result  in  tlie  preserva- 
tion from  wanton  injury  of  tliis  precious  relic  of  proiiistoric  Britain.  A 
monument  so  widely  known  over  the  whole  civilised  world,  and  with  an 
entire  hterature  devoted  to  its  study,  would  be  little  likely  to  fall  either 
into  oomplete  oblivion  or  to  be  the  snbjeet  of  niiaehievoQS  spoliation 
without  public  attention  being  vigorously  called  to  the  fact. 

It  is  not  therefore  of  Stonehenge  that  I  wish  to  speak — nor  is  my  plea 
on  its  behalf-  but  rather  for  its  humbler  brethren  whom  the  breath  of 
fame  has  for  the  most  part  passed  over.  I  plead  for  the  preservation  and 
intelligent  exploration  of  the  many  hundreds  of  remains  and  sites,  of 
approximately  the  same  period,  that  are  scattered  nearly  over  the  whole 
Jt  our  islands. 

Britain  is  not  very  extensive  when  oompared  with  the  domains  of  our 

Continental  neighbours.  In  Roman  times  it  was  regarded  as  very  distant 
from  the  centres  of  ci  .  ili^ation,  and  the  very  name  spelt  something  like 
exile  to  the  luxurious  Komun  officer.  But  the  Roman  never  thought, 
and  we  ourselves,  nearly  twenty  centuries  later,  are  only  beginning  to 
realise^  how  many  races  had  peopled  these  distant  misty  idands,  one  rsce 
overcoming  the  other,  intermarrying  or  supplanting  each  other,  but  in 
any  case  living  their  lives  here,  building  their  houses,  exercuing  their 
simple  crafts,  and  finally  laying  their  <lead  to  rest  in  the  manner  presoril>ed 
by  their  own  peculiar  customs.  Of  all  the.se  primitive  peoples  who  lived 
in  Britain  for  many,  many  th«nisniuls  of  years  before  tlu;  Roman  invasion 
we  have  scarcely  a  word  of  history.  One  after  another  they  passed  in 
soooession,  leaving  no  mark  in  the  worki's  history  and  no  trace  in  the 
land  beyond  the  humble  tumulus  for  their  burial-place  or  the  sacred  ring 
of  stones  for  their  temple.  Practically  until  the  Roman  historians  take 
up  the  story  of  Britain  there  is  nothing  existing  that  c;ui  Ik?  calhxi  history. 
Britain  before  the  Christian  era  was  regarded  as  a  dangerous  and  entirely 
inhospitaliU;  lancl  whiilier  no  sane  man  would  willingly  go,  only  valuable 
in  fact  for  what  could  be  brouglit  away  from  it. 

By  what  means  therefore  are  we  of  this  twentieth  century  to  realise 
the  conditions  in  whieh  oar  pre-Boman  forefiithecs  lived  t  How  are  we 

to  construct  a  true  history  of  their  arts  of  life,  their  beliefs,  their 

dwellings,  or  their  handicrafts  ?  Unless  M  e  arc  far  more  careful  in  the 
future  than  we  have  been  in  the  past,  the  evidence  now  available  will  l)e 
swept  away,  and  the  story  of  the  Britain  of  the  Britons  can  never  be 
toUi. 

Oar  only  means  of  elucidating  and  making  clear  the  prehistoric  eondi* 
tion  of  our  country  is  by  the  careful  and  intelligent  esqAloration  of  the  sites 
of  the  dwellings,  camps,  burial-places,  or  religious  structures  raised  by  the 

people  of  those  times.  By  no  other  method  than  this  can  we  attain  to  the 
knowletli^e  we  need,  and  it  should  be  lx)rne  in  mind  by  all  who  undertake 
exploration  of  this  character  that  they  have  in  hand,  as  it  were,  a  unique 
record  ;  a  record,  moreuver,  liiat  is  destroyed  in  the  reading  ;  and  ii  the 
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Investigator  cannot  interpret  it  aright  he  destroys  for  ever  a  page,  it  may 
be,  of  human  history,  and  no  one  following  him  can  write  it  afrei>ii.  ISo 
mdoffor,  no  matter  how  ezperioused,  can  predioato  what  maT  be  the 
eruieiioe  he  will  have  put  before  htm  in  the  ezoavation  of  a  timple  mound 
or  stone  eircle,  and  the  greatest  care  and  attention  are  eeiential  if  he 
desires  his  exploration  to  be  niotlcrately  successful. 

Here  then  we  liave,  scattered  in  almost  every  parish  in  the  United 
Kingdom,  the  raw  material,  the  original  documents,  from  which  it  is  the 
duty  of  the  archaeologist  to  weave  the  story  of  prehistoric  liritaiu.  But 
what  are  the  jpieient  oonditimiB  of  then  preoioiiB  docnments  f  What 
attention  is  given  to  the  mounds  that  cover  our  downs,  to  the  less 
prominent  stone  otrelee  that  are  to  be  found  8cattere<l  over  our  moors  f 
It  is  true  that  monuments  of  the  imposing  dignity  of  Av(>})uiy,  Stone 
henge,  and  others  of  great  size  are  not  likely  to  sutlVr  from  wanton 
damage  because,  like  some  huniaii  beings,  their  very  size  is  their  protection. 
It  is  true  also  that  in  some  localities  of  the  more  enlightened  sort 
oommittees  have  been  formed,  and  the  local  societies  have  been  active,  for 
the  express  purpose  of  preserving  theae  little  noted  relics.  But  vast 
anas  remain,  full  of  prenistoric  sites,  in  which  nothing  is  done  in  the 
nature  of  preservation;  and,  on  the  other  hand,  iigricultural  operations, 
building,  and  the  like,  are  doing  a  great  deal  in  the  way  of  destruction.  No 
better  instance  could  be  brought  forward  than  one  of  recent  date 
recounted  by  the  jRev.  Q.  R.  Buick  in  the  '  Joui'nal  of  the  Royal  Society 
of  Antiquaries  of  Irekmd '  for  June  of  the  present  year. '  Mr.  Buick 
states  that  the  ancient  cam  locally  known  as  the  Giant's  Grave,  situate 
at  Loughloughan,  in  Co.  Antrim,  has  recently  been  removed.  It  was  a 
circular  heap  of  stones  52  feet  by  39  feet  in  diameter.  *  Many  years  ago, 
but  still  in  the  l  ecolleetion  of  old  people  in  the  neighbourhoml,  a  hirge 
pillar  stone  stood  upright  upon  it  ;  it  was  usually  spoken  of  as  the 
memorial  stone."  .  .  .  The  cam  itself  stood  on  the  farm  of  Mr.  William 
Hunter,  and  about  three  miles  distant  from  the  village  of  Breughshane^ 
It  occupied  a  commanding  site  at  the  head  of  a  little  ravine  or  dell  over- 
looking the  beautiful  valley  of  the  Braid.  .  .  .  The  owner  sold  the  stones 
of  which  it  was  composed  to  the  Antrim  Iron  Ore  Company,  whose  mines 
are  close  at  hand,  and  who  required  them  for  road  metalling  and  oilu  r 
purposes.  His  father  liad  such  a  regard  for  the  heap  and  sucli  a  super 
stitious  fear  of  something  dreadful  happening  if  it  were  interfered  with, 
that  he  would  not  allow  the  late  Ctoon  Grainger,  though  rector  of  the 
parish,  to  touch  it  when  he  sought  permission  to  make  a  thorough 
examination  of  it.  But  tempora  mutantur,  S:c.  All  the  more  reason  for 
vigilance  on  the  part  of  tftose  who  know  the  value  of  our  ancient  monu- 
ments and  desire  their  preservation.' 

Such  is  Mr.  Buick's  story  of  a  recent  case  in  this  very  part  of 
Ireland.  Unfortunately  illness  prevented  him  from  being  present  at  the 
destmotion,  and  it  was  not  tiU  six  weeks  later  that  he  was  able  to  make 
any  inquiry  on  the  spot.  He  then  found  that  three  cists  had  been  found 
in  the  cairn  with  remains  of  the  skeletons  and  several  fine  urns  of  a  roost 
interesting  type.  These  were  saved,  no  doubt  owing  to  the  protection 
afforded  them  by  the  stone  cists,  and  from  the  information  supplied  by 
the  workmen  an  approximate  plan  of  their  position  was  maide.  But 
although  these  were  saved  who  can  say  what  was  missed  1 

Ko  better  ease  could  be  brought  forward  of  the  deliberate  destruction 

Tel.  Bcdi.  p.  168. 
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of  prehistoric  rem/iins  than  this  :  and  that  such  proceedings  are  not 
either  uncommon  or  confined  to  any  particular  part  of  the  British 
Islands  is  amply  shown  by  the  protest  of  the  Dartmoor  Committee. 
From  the  statements  in  this  protest  it  would  seem  that  the  law  MtmUjr 
Aids  and  abets  public  officials  in  the  systematic  destraetiOD  of  oar  pie- 
historic  remains  if  1v  chance  stone  be  used  in  their  construction.  Under 
an  Act  of  William  IV.  the  officer  responsible  for  the  maintenance  of  the 
highways  is  entitled  to  collect  any  fstones  on  the  surface  of  the  adjoining 
land,  public  or  private,  for  the  purpose  of  being  broken  up  to  repair  the 
roads.  In  such  a  locality  as  Dartmoor,  covert  with  hut  circles  ajid  the 
like,  the  mischief  that  may  be  done  is  great ;  while  in  many  otlien  it 
is  scarcely  less.  What  is  to  prevent  the  famous  eup^marked  stones  of 
Ilkley  from  being  so  used,  or  even  more  conspicuous  monuments  like 
Btanton  Drew  and  others?  Is  it  possible  to  conceive  of  a  situation  nior<^ 
absurd  than  that  shown  by  the  existence  in  the  same  statute-lK>ok  of  two 
such  Acts  as  the  Ancient  Monuments  Act  on  the  one  hand  and  this 
mischievous  Act  on  the  other  ?  The  one  rigidly  protects  the  very  same 
class  of  monuments  that  may  be  destroyed  with  impunity  by  virtue  ol 
the  other.  It  is  fortunate  that  tiie  Dartmoor  Committee  has  called 
special  attention  to  this  particular  danger,  and  I  can  safely  leave  their 
7itemf>nal  to  speak  for  itsdf,  as  it  is  ably  supported  by  societies  mad 
persons  of  influence. 

The  danger  to  other  remains,  however,  wliicli  may  not  be  made  of 
stones  is  equally  great,  though  from  other  causes.  Tlie  burial-mounds, 
mere  heaps  of  earth  that  are  spr^  more  or  less  over  the  vhole  oonntry, 
are  constantly  being  destroyed,  by  accident  or  design,  and  their  >tQiT  ts 
fully  as  important  as  that  of  any  other  class  of  prdustoric  remains,  xbe 
operations  of  agriculture  are  daily  reducing  such  mouTids  to  tbo  general 
l*>vel  of  the  surrounding  land,  and  when  the  burial  is  at  last  evpn^ed  by 
the  plough  the  relics  are,  in  almost  every  ctme,  scattered  or  destroyed, 
either  in  wanton  mischief  or  from  ignorance.  It  is  a  common  thing  for 
odds  and  ends  from  such  sites  to  be  brought  to  me  at  the  British  Museom, 
with  the  story  that  there  was  a  great  deal  more  found,  but  that  they 
•were  divided  among  the  farm  hands  or  gWem  to  chance  visitors. 

That  such  a  state  of  things  should  be  general  in  this  country  is  not 
creditable  to  our  civilisation.  Kvery  modern  state  with  any  pretensions 
to  culture  takes  pains  to  preserve  the  memorials  of  its  past^  and  takes  a 
Intimate  pride  in  the  preservation  of  its  ancient  monuments.  In  Britain 
we  cannot  claim  the  same  glories  of  architecture  of  eariy  times  that 
are  to  be  found  in  the  Mediterranean  area.  Our  modem  history  has 
its  glories,  architrr  t  ural  and  of  other  kinds,  but  these  may  salely  be 
left  to  the  guardianship  of  public  opinion.  Public  opinion,  however,  can 
scarcely  be  said  to  exist  with  regard  to  such  of  our  monuments  as  are 
contemporary  with  the  classical  period  of  (ireece.  They  are  in  the  main 
neither  generally  known  nor  understood,  and  it  cannot  be  said  that  they 
ave  immediately  attractive.  Kevertheless  they  are  all  we  have  to  repre- 
sent a  page,  or  perhaps  a  volume,  of  our  country's  progress,  and  as  sudi 
are  deserving  of  attention  and  of  preservation. 

T  ventured  to  urge  some  of  these  points  in  my  Address  to  the 
Anthropological  Section  at  Dover  in  1899,  and  I  then  formulated  a 
scheme  that  seemed  to  me  practical  and  easy  to  work.  I  cannot  do 
better  now  than  repeat  the  words  I  used  at  that  meeting.  The  plan  I 
proposed  was  to  enlist  the  active  co-operation  of  the  local  arohax>lQgical 
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societies,  each  to  take  charge  of  the  survey  ia  its  own  area.  EachflOcl#t]r 
thoald  record  on  the  large  aoale  Ordnanoe  map  eveiy  tumDlus  or  earth* 
work  within  the  county,  and  at  the  same  time  keep  a  register  of  the  sites 
with  numbers  referring  to  the  map,  and  in  this  register  should  be  noted 

the  names  of  the  owner  anrl  tenant  of  the  property,  as  well  as  any  details 
■which  would  be  of  use  in  exploring  the  tumuli.  I  am  well  aware  that  a 
survey  of  this  kind  has  been  begun  by  the  Society  of  Antiquaries  of 
London,  and  is  still  in  progress  ;  but  this  is  of  a  far  more  comprehensive 
character,  and  is,  moreover,  primarily  intended  for  pnbUcation.  The 
more  limited  survey  I  now  advocate  would  in  no  way  interfere  with  it| 
but,  on  the  contrary,  would  provide  material  for  the  other  larger  scheme. 
Once  the  local  society  is  in  possession  of  the  necessary  information  just 
referred  to,  it  would  bo  the  duty  of  its  executive  to  exercise  a  beneficent 
control  over  any  operations  affecting  the  tumuli,  and  it  may  safely  be 
said  that  such  control  could  in  no  way  be  brought  to  bear  so  easily  and 
effectively  aa  through  a  local  society. 

Ireland  is  fortunate  in  having  an  admirable  work  devoted  to  its 
dolmens  by  the  late  Mr.  Borlase.  Such  a  record  would  form  an  excellent 
foundation  for  the  survey  as  far  as  this  special  class  of  monument  is 
concerned,  and  the  survey  of  tumuli  could  be  done  concurrently.  But 
both  in  Ireland  and  over  the  rest  of  the  country  a  great  deal  has  to  be 
done  and  can  only  be  accomplished  by  many  and  willing  hands.  If  the 
plea  that  I  now  venture  to  make  has  the  result  of  starling  some  such 
record  I  shall  be  content. 

The  Rev.  J.  O.  "Bevan  was  glad  that  the  subject  of  the  preservation 
and  cataloj^ruin^  of  prehistoric  and  early  historic  remains  had  been  dealt 
"with  by  Mr.  Kead.  Notwithstanding  the  limited  number  of  scientific 
socieUes  ezdurively  Irudi,  it  was  a  matter  for  congratulation  that  the 
interesting  and  peculiar  features  of  early  Irish  architecture  and  art  had 
been  so  carefully  ocmserved,  owing  to  the  exertion  of  public  authorities.  A 
great  deal,  however,  remaitu'd  to  be  done  throughout  the  three  kingdoms. 
It  was  monstrous,  e.y.^  that  on  such  an  iiujiortant  area  as  Dartmoor  the 
highway  authorities  were  permitted  to  appropriate  valuable  remains  and 
break  them  up  for  the  metalling  of  roads  !  Such  au  Act  of  Parliament 
ought  to  bo  at  once  rescinded.  Public  opinion  should  be  roused  in  refe- 
renpe  to  the  entire  subject  and  Local  Societies,  such  as  those  they  repre- 
sented, could  do  a  great  deal.' 

At  the  conclusion  of  the  Conference  a  hearty  vote  of  thanks  was 
accorded  to  the  Chfiirman,  on  the  motion  of  Mr.  Mark  Stirrup,  seconded 
by  Mr.  F.  W.  Hembry. 

*  The  following  resolationB  were  sobflcqoeatly  referred  to  the  Ooancil  of  the 
AsBddatioa  :— 

*That  the  Ck)ancil  be  reqnested  to  impress  upon  bis  Majesty's  Government  the 
desirabiUty  of  appointing  an  Inspector  of  Ancirnt  Monuments  under  the  Ancient 
Monuments  Act  in  the  place  of  the  late  Licut-Geueral  Pitt-Rivers. 

<  That  the  Oooocil  be  Teqnestecl  to  call  the  attention  of  bis  Majesty's  Qovenment 
to  the  ficstruction  of  Ancient  Monnrnenfs,  especially  on  Dartmoor,  which  is  autho- 
rised under  the  terms  of  the  Highway  Act,  6  &  6  Wni.  IV.,  c.  50,  the  provisions  of 
wbi<di  are  unrepealed  by  later  Acts;  and  to  urge  the  repeal  of  tbiii  section  of 
the  Act' 
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HiTTOHnNsoK,  Jonathan.  The  Infinenoe  of  Use  upon  Structural  Modifi- 
cation H .     Sou  th-Eastem  Naturalist  for  1901,'  61-64.  1901. 

Isle  of  Man  Natural  History  and  Antiquarian  Society.  Bir^S 
( )bsr  rvpd  in  the  Isle  of  Man,  1900.  *  Yn  Xioar  Manninagh,'  lu.  684- 

085.  1002. 

Kane,  W.  F.  db  V.  Becent  Progress  in  Irish  Natural  History.  (Presi- 
dential Address  to  Dublin  N.  F.  C.)  *  Irish  Naturalist,'  xi.  68-60. 
1908. 

Kebmode,  p.  M.  C.  List  of  r>irds  of  the  Isle  of  Man,  with  Notes.  '  Yn 

liioar  Manninagh/  iii.  51()-548.  1901. 
Kbw,  H.  Wallis.    Notes  on  the  Weevil- Cocoona  of  the  Figworts.  '  The 

Naturalist  for  1!K)2,'  149-1  r,r>.  1002. 
■       Lincolnshire  Pseudo-scorpions  :  with  an  Account  of  the  Association 

of  such  Animals  with  other  Anthvopods.  '  The  NaturaUst  kx  1901/ 

198-216.  1901. 

^ —  On  the  Pairing  of  Limax  maximw,  *  The  Naturalist  for  1901,' 

241  254.  1901. 

Latter,  Oswald  H.   Cuokoos'  Eggs.   '  South-£astern  Naturfdist  to^ 

1901,'  81-85.  1901. 
Leacu,  Edward  F.    Some  Notes  on  Badgers.    'Journal  Northanta. 

N.  H.  Boo.' ZI.  107-111.  1901. 
Lbboub,  Mum  M.  V.  Marine  MoUusea  of  Sandsend,  Yorkshue.  ' 

Naturalist  for  1902/  171-176.  1902. 
Lett,  Canon  W.  TT.    The  Occurrence  of  Natterer's  Bat  and  the 

Whiskered  Bat  in  Co.  Down.   '  Proc.  Belfast  Nat.  F.  €.'  iv.  602--603. 

1901. 

^abefield,  J.  K.  V>.   Beport  of  the  Zoological  Section.   '  Trans.  N. 

Staff.  F.  G.*  xzxYi.  4(M6.  1902. 
«  The  Land  and  Fresh-water  Mollusca  of  Staffordshire.  '  Trans.  N. 

Staff.  F.  C  XXXVI.  47-64.  1902. 
—  Rufous  Variety  {Perdix  mmtana,  Brisson)  of  the  Common  Partridge 
in  Staffordshire.    '  Trans.  N.  Staff.  F.  C  xxxvi.  65-68.  1902. 
Maudson,  B.  F.  Notes  on  Coleontera.  *  Trans.  B.  Kent  S.  N.  H.  fcioc.' 
.  •  0.    1901.  •  ^  • 
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Meyrick,  E.   Report  of  the  Entomological  Seotion,   *Beport  Marib. 

CoU.  N.  H.  Soc'  No.  50,  45-74.  1902. 
 Ornithological  list.    'Report  Marlb.  GolL  N.  H.  See.*  No.  90, 

8&-65.  1902. 

MoKLEv,  B.   Notes  on  the  Lepidoptera  of  Skelmanthorpe  daring  1901. 

*  The  Naturalist  for  1902,'  141-141.  1902. 

i^E^vTo^^  Prof.  On  some  Cranes'  Bones  found  in  >ior£olk.  *  Trana.  Noit 

Norw.  Nat.  Soc.'  vii.  158-159.  1901. 
IsoiiMAN,  Commaudtr  F.  M.   Note  on  an  alleged  Embedded  Toad  from 

a  Qnany  at  CoMstream.  <  History  BerwiokBh.  Nat.  Club,'  xm.  280- 

251.  1901. 

Otway,  a.  Loftub.  Irish  Bed  Deer.  <  Irish  Natoralist/  x.  101-104. 

1901. 

Paton,  CvTift.   Notes  on  a  few  British  Guiana  Birds.  *  Yn  Lioar 

Mannma^'h;  iii.  r>(?l-5G4.  1901. 
Patterson,  A.   Natural  History  Notes  from  Yarmooth,  1900-1901. 

'  Tiana.  Norf.  Norw.  Nat.  Soe.^  vn.  177-184.  1901, 
FftACOCK,  Max.    Mammalia  of  Bottesford  Parish  and  the  Neifl^iboir- 

hood.  *TheNatiixah8tfor  1901,' 165  172.  1901. 
PiRiNoNEY,  L.    Pcscriptive  Catalogue  of  the  Coleoptera  of  South  Africa 

{Lucanidie  and  Scarabaida),   'Trans.  6.  African  Phil.  Soc'  uf. 

508  pp.  1901. 

PicKi^EB,  Haiculd.  btray  Bird  Notes.  '  Halifax  Naturalist/  vi.  aS-56, 
106-107.  1901. 

PoRiuTT,  Geo.  T.   Contribution  towards  the  Entomology  of  Ainbtorid>. 

*  The  Naturalist  for  1902,'  8-4.  1902. 

Pbooer,  T.  W.,  and  D.  R.  Patersox.    Ornithological  Notes  lor  1901, 

'  Trans.  Cardiff  Nat.  Soc.'  xxxiii.  87-89.  1902. 
Balfk,  p.  G.     Some  further  Notes  on  Manx  Birds,    '  Yn  Lioar 

Mauniuagh,'  iii.  544-551.  1901. 
BoBBUOK,  W.  Dbnison.  List  of  Yoricshire  and  LmoolnflliSre  Bizdi. 

<  The  Natmlist  for  1902,'  97  1 12.  1902. 
Saundbbs,  Sibbbt.   Glimpses  of  Beauty  in  the  Structure  of  Marine 

Or^ranisms.    *  Trans.  E.  Kent  S.  N.  H.  Soc.*  i.  23-25.  1001. 
 lieport  on  Marine  Zoology  of  Whitstable  Bay  for  the  Y^  I2Q1. 

'  Trans.  E.  Kent  8.  N.  H.  Soc.'  i.  45-40.  1901. 
SHEPrAKD,  Thomab.    Yorkshire  Naturalists  at  Brough.  '  The  Naturalist 

for  1901/ 219-229.  1901. 
 Notes  on  the  Skeleton  of  Sibbald's  Rorqual  in  the  Hull  Tiifiiwwii 

*  The  Naturalist  for  1901,'  288  240.  1901. 

8I1ATER,  Henry  H.  The  Birds  of  Northamptonshire  and  Nei^bouihood. 

*  Journal  Northants.  N.  H.  Soc'  xi.  67-08.  1901. 

Small,  F.  A.    Notes  on  Lepidoptera  for  1901.   '  Trans.  E.  Kent  S.  N. 

H.  Soc'  I.  48.  1901. 
Bhttb,  Abtbub.    LincolnBhire  Spiders.    'The  Naturalist  for  1901/ 

269-287.  1901. 

SORBY,  Dr.  H.  C.  On  the  Variations  in  Numbers  and  Habitat  of 
Marine  Animals  on  the  Coast  of  Essex  during  the  last  Ten  or  Tvel¥e 
Years.    *  Essex  Naturalist,'  xii.  17-28.  1901. 

Southwell,  Thomas.   On  the  Breeding  of  the  Crane  in  East  Anglia. 

*  Trans.  Norf.  Norw.  Nat.  Soc'  vii.  160-170.  1901. 

—  Some  Additions  to  Uie  Norwich  Castle  Mnmm  in  1900,  '  Tnm 
Norf.  Norw.  Nat.  Soc.*  vn.  171-174.  1901. 
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Stainforth,  T.,  aiid  H.  E.  Johnson.  Second  List  of  Coleoptera  occur- 
ring near  Hull.    'Trana.  Hull  Sci.  F.  N.  C  i.  289-248.  1901. 

Btawbl-Stoybl,  a.  ^'otc  on  the  Appearance  of  a  Foreign  Beetle 
(Diaaenst  dmuhrohiii  at  WMxcd.  '  Traos.  Herts  N.  H.  Soo.'  xi.  46. 
1901. 

Stober,  G.  H.  Notes  on  some  of  our  British  Mammals,  with  special 
reference  to  those  found  near  Burton-on-Trent.  *  Tnuw.  Bnrk  H. 
Arch.  Soc.*  IV.  5-14.  1901. 

 Our  British  Song  Birds.   *  Trans.  Burt.  N.  H.  Arch.  See.'  iv.  65- 

79.  1901. 

TAnoB,  W.  The  Whalee  and  Dolfkhmfl  of  the Mbmy  Firth.  'Trans. 

InwneBB  Soi.  Soo.'  v.  2B6-241.  1002. 
Thompson,  Isaac  C.   The  Placo  of  the  Copepoda  in  Nature.  *  Yn  Xiioar 

Manninagh,'  hi.  621-021.  1002. 
Tuck,  W.  H.    Aculeate  Hymenoptcra  at  Tostock,  near  Borj  St.  Edmunds. 

*Trans.  Norf.  Norw.  Nat.  Soc.'  vii.  irA\-]r>7.  1901. 
Wallace,  Thomas  D.   The  Wild  Jioar  in  iiritaiu.   *  Trans.  Inverness 

Sd.  Soo.'  v.  296-805.  1902. 
Whitakeb,  Arthur.   Larvne  of  Sphinx  eonvohtUi  in  Yorkshire.   *  The 

Naturalist  for  1901,'  289-290.  1901. 
Whyte,  William.    Birds  of  the  Biverside.   *  Trans.  Perths.  Soc.  Nat. 

Sci.'  III.  110-116.  1901. 
Wioo,  J.  T.,  and  A.  Patterson.    Notes  on  the  Herring  Fishery  of 

1900.   *  Trans.  Norf.  Norw.  Nat.  Soc.'  vu.  262-266.  1901. 
Wood,  Mrs.  Homing  Instincts  of  the  Gull.  ■  History  Berwioksh.  Nat. 

CInb/ x\nL  260.  1901. 
Woodkuffe-Peacock,  Rev.  E.  A.   Lincolnshire  Nataralists  at  Torksey. 

'  The  Naturaliflt  for  1902,'  188  18H.  1902. 
 Lincohishire  Naturalists  at  Ikvesby.   '  The  Naiuralist  lor  1902/ 

140-U«.  1902. 


SecUon  JS^.-^Gboobapht* 

Bellamy,  C.  H.   En  Route  to  the  Passion  Play.  *  Journal  Manch.  Geog. 

Soc'  xvn.  25-28.  1001. 

B&iCE,  Arthuk  Mon tkfiore.  The  Great  Siberian  Railroad.  '  Journal 
Manch.  Geog.  Soc.'  xvii.  37-45.  1901. 

Bboob,  WhiUam  S.  Arctic  and  Antarctic  [and  Notice  of  proposed  Scot- 
tish National  Antarctio  Expedition].  'Proe.  Gla^w  PhiL  Soc.' 
XXXII.  1-12.  1901. 

FoKDHAM,  Herbert  George.  Hertfordshire  Maps :  a  Descriptive 
Catalogue  of  the  Maps  of  the  Countv,  1579-1900.  Part  I.  1679- 
1678.    *  Trans.  Herts  N.  H.  Soc/  xi.  1-32.  1901. 

GSDDBB,  Prol.  Patrick.  Geography  at  the  Paris  Exhibition.  '  Journal 
Manch.  Geog.  Soc.*  xvn.  69-71.  1901. 

Gibbons.  Mi^or  St.  Hili  .  Explorations  in  Marotseland  and  Neighbour- 
ing: RofTions.    *  Journal  Manch.  Geog.  Soc.*  xvii.  29-82.  1901. 

Gdlston,  Authuu.  Some  Notes  on  the  Baltic  and  Arctic  Voyages  of 
the  ss.  '  Ermack '  in  1899.  '  Journal  Manch.  Geog.  Soc'  xvu.  165- 
180.  1U02. 

^BTWOOD,  Bar.  J.  W.  A  Holiday  in  Japan.  'Journal  Manch.  Geog. 
Poo/ XVII.  124-192,  1901.  '  ^ 
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SxKXT^DY,  A.  J.   Tho  Island  of  Santa  Catalinat  Galifonua.   '  Journal 

Manch.  (iuog.  Soc'  xvii.  181-1H2.  1902. 
KoETTLiTZ,  Dr.  EK(iiNArj).    Polar  Work:  What  it  is,  wliy  it  fiboulJ  be 

done,  and  what  is  t»tiil  to  be  done  there,  &c.    '  Jouruai  Mauch.  Geog. 

8oe.' XVII.  89-110.  1901. 
Lbicaibb,  Capi  GkabCiIB.  The  Sonrees  of  the  Congo.  *  Trans.  Lmr- 

pod  Geog.  Soc.*  X.  28-29.  1902. 
MiLTJGAN,  S'eaton  F.    Rcenerj  and  Antiquities  of  Rlic^o,  Connemara, 

and  Clare.   'Proc.  Belfast  Nat.  Hist.  PhU.  goo.  1900-X$K)1/  6d-79. 

1901. 

MoKENOj  Dr.  Francisco  P.   Scenery  o£  Argentina.   '  Trans.  Liverpool 

Geog.  Boe.' X.  80-46.  1908. 
KswBTr  John  B.  loeland  and  the  loelanders.  '  Journal  Haneh.  Geog. 

Soc.'  XVII.  46-68.  1901. 
OswELL,  B.  L.    Notes  on  the  Biver  Trent  at  BnrUm.  '  Trans.  Butt. 

N.  H.  Arch.  Soc.'  iv.  107-110.  1901. 
Payne,  Albert  E.   Notes  on  Ecuador.  South  America.  '  Trans.  Penhs. 

Soc.  Nat.  Sci.'  III.  lia-131.  1901. 
ScLATBB,  W.  L.  Notes  on  the  So-called  ' Post-office  Stone'  and  other 

Inscribed  Stones  preserve  in  the  South  African  Museum  and  else- 
where.  '  Trans.  S.  African  Phil.  Soc.'  xi.  189-206.  1901. 
Btbomyer,  C.  E.    A  Conical  Surface  Equivalent  Projection.    *  Joonal 

Manch.  Geog.  Soc'  xvii.  188-185.  1902. 
WiLBON,  D.  J.    The  Tourist  Movement  iu  Ireland.    'Journal  Stat.  Soe. 

Ireland,'  xi.  50-68.  1901. 
Woods,  Luxb  H.  Belgium :  What  it  is  like,  the  best  way  to  see  it,  and 

how  to  get  there.  *  Journal  Manch.  Geog.  Soc.'  xvn.  1-15.  1901. 
W&AOGE,  Clement.   The  Snowy  Ranges  of  Australia,  Mount  Kosciusko 

and  its  Observatory.  'Journal  Manch.  Geog.  Boc.'  xvn.  111-li^ 

1901. 


Section  F. — EroNOMic  Science  and  Statistics. 

Dawson,  Charles.   The  Housing  of  the  People,  with  special  leference 

to  Dublin.    '  Journal  Stat.  Soc.  Ireland,'  xi.  45-56.  1901. 
Dewbnup,  E.  B.   The  Neglect  of  English  Canals.   '  Halifax  Naturalist,' 

VL  68  71.  1901. 

Galloway,  John.   Trusts  and  Combinations.   'Proc.  Glasgow  PhiL 

Soc.' xxxn.  206-214.  1901. 
Hamnon,  p.  J.  Educational  Value  of  Co-operation  among  Irish  Funen. 

•Journal  Stat.  Soo.  Ireland,'  xi.  12  22.  lOOl. 
Mac.^ssey,  Lynden.    Irish  Railways  and  the  State.  'Proc.  Belfast  Nat. 

Hist.  Phil.  Soc.  1900-1901,'  55-57.  1901. 
McMuRTRiB,  J.  Notes  on  the  Forest  of  Mendip,  its  Mining  Customs  and 

Ancient  Laws.    *  Trans.  Inst.  Min.  Eng.'  xx.  628-4i80.  1902. 
Mabb,  Dr.  Hamilxon  C.  The  Story  of  the  Inssnj»--with  special  lefcr- 

ence  to  Glasgow.    *Froc.  Glasgow  Phil.  Soo.*  xxzxi.  215-284. 

1901. 

O'Neill,  Dr.  Henry.   The  Progress  of  Sanitary  Science  in  Ireland. 

*  Journal  Stat.  Soc.  Ireland,'  xi.  85-45.  1901. 
Peake,  H.  C.  Opening  Address.  (Coal  Supply,  &c.)  '  Trans.  Inst.  Min. 

Eng.'  XXI.  806-812.  1901. 
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SflPANNELL,  Cras.  A.  Tho  Financial  Aspect  of  Parliamentary  Primte 
Bill  Procedure.   *  Jonmal  Stat.  Soc.  Ireland,'  xi.  28-85.  1901. 

T?ODD,  John  A.  Taxation  of  Land  Values.  (Seooad  Paper,)  'Proe. 
Glasgow  PhiL  Soo.'  xxxii.  192-204.  1901. 


Section    — Enqineerinq. 

AZir.EN,  Georgb  L.  Bziok-inakuig.  '  Trans.  Insft.  Min.  Eng.*  xxn.  418- 
441.  1902. 

Amdekson,  J.  Wemtsb.  Befiageiatum.  '  Tzans.  Liysrpool  £.  Soo.'  xxn. 

120-184.  1901. 

AspiNALL,  John  A.  F.  Inaugural  Address.  [1900.]  Transport  of 
Goods.    '  Trans.  Liverpool  E.  Soc.'  xxii.  1-10.  1901. 

I3ABBOWMAN,  James  (Mining  Inst.  Scot.).  What  is  the  least  possible 
Waste  in  Working  Coal.  '  Tnms.  Inst.  Min.  Eng.'  xxm.  66-68. 
1908. 

SiiACXBTT,  W.  C.  (N.  Eng.  Inst.).  A  Method  of  Socketing  a  Winding- 
rope  and  its  Attachment  to  a  Cage  without  the  Use  oi  Ordinary 
Chains.    *  Trans.  Inst.  Min.  Eng.'  xxiii.  10-lC.  1902. 

IBboom,  Robebt  (Mining  Inst.  Scot.).  Unwatering  and  Fitting  a 
Lanark ire  Colliery  with  Modem  Appliances.  '  Trans.  Inst.  Min. 
Eng.'  xxii.  159-166.  1901. 

Bbown,  E0WABD  f Midland  Inst.  Eng.).  The  B.  0.  B.  Inatantuieoiis 
Either-side  Brake  for  Railway  Wagons  and  Similar  YehieleB.  *  Trans. 
Inst.  Min.  Eng.'  xxn.  4(5  40.  1901. 

Cadman,  John  (N.  Staff.  Inst.  Eng.).  The  Occurrence,  Mode  of  Work- 
ing, and  Treatment  of  the  Ironstones  found  in  the  North  Htaffordshira 
Coal-field.    '  Trans.  Inst.  Min.  Eng.'  xxii.  100-111.  1901. 

Chaklton,  William  (S.  Staff.  Inst.  Eng.).  A  Method  of  Working  the 
Thick  Coal-seam  in  Two  Sections.  *  Trans.  Inst.  Min.  Eng.'  xxi. 
264-268.  1901. 

Ohbbtbb,  £.  D.  The  Imperleot  Pulwisation  of  Books  by  means  of 
Stami^g,  and  Suggestions  for  its  Improvement.  '  Trans.  Inst.  Min. 
Eng.'  XXII.  463-459.  1902. 

Clarke,  R.  W.  (Mid.  Inst.  Eng.).  Coal-mining  in  India.  'Trans.  Inst. 

Min.  Eng.'  xxii.  184-192.  1902. 
Coke,  G.  E.  (Mid.  Count.  Inst.  ).   Presidential  Address.   *  Trans.  Inst. 

Min.  Eng.'  xxn.  22-24.  1901. 
CoLLEY,  John  (N.  Eng.  Inst.).    Mechanical  Undercutting.    '  Traus. 

Inst.  Min.  Eng.' XXII.  iaO-186.  1901. 
Da  6b4VB,  L.  W.  (Ohesterf.  Mid.  Count.  Inst.).  Investigations  into 

some  Electric  Accidents  and  the  Means  of  Preventing  them.  '  Trans. 

Inst.  Min.  Eng.'  xxl  186-150.  1901. 
Dickinson,  Joseph.   Prevention  of  Accidents  by  Falls  of  Roof  and  Sides 

in  Coal-mines.    'Trans.  Manch.  Geol.  Soc'  xxvii.  188-142.  1901. 
Dbew,  Walter  Newton  (Midland  Inst.  Eng.).    An  Instrument  for 

the  Automatic  Record  of  Winding  Operations.   '  Traus.  Inst.  Min. 

Eng.' XXII.  4SM4.  1901. 
EiBSLBBi  M.   The  Frodnotion  of  Copper  and  its  Sonroes  of  Supply. 

*  Tmns.  Inst.  Min.  Eng.'  xxi.  815-852.  1001. 
Tim,  Hugo.   The  Coal-fields  and  other  Industrial  Hesouxees  irf  |rs-> 

Iwoid.  *  Tians.  laverpool  £.  Soo.' xxn.  100-177,  19Q1, 
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FowLETi,  A.  F.   Dredginp:  on  the  Biver  Bibble.   '  Trans.  liivdipool  E, 

Sc>c.'  xxii.  11-20.  1901. 
FowLEB,  G.,  and  G.  Caiibington  (Chesterf.  Mid.  Count.  Inst.).  Sv£i«- 

matie  Timbering  at  the  Babbington  CoUieries.    '  Txani.  Inst.  Wsu 

Eng.*  XXI.  124-128.  1001. 
G  un  ORTH,  W.  £.  (Mid.  Ck)nnt.  Inst).    Experimental  Gallery  for 

it  stinLT  Tilfe-saving  Apparatus.  'Truis.  Inst.  Min.  Eng.*  zzn*  169- 

172.  1902. 

Glass,  R.  W.  fN.  En«.  Inst.).    Endless-rope  Haulage  at  AxweU  Paik 

Colliery.    '  Trans.  Inst.  Min.  Eng.'  xxi.  107-172.  1901. 
Glbdhilxj,  Bdwabd.    The  Analogy  between  the  Gdd  'GintM'  of 

Colombia  and  the  Auriferous  Gravels  of  GaUfoniUL  *  Trans.  Inst.  Ifin, 

Eng.'  XX.  891-898.  1901. 
Gould,  C.  V.  (N.  Staff.  Inst.  Eng.).    Fitting  a  new  Drum-shaft  to  a 

\\  inding-en^dne,  Florence  Colliery,  Longtou.  '  Trans.  Inst.  Min.  Eng.' 

XXII.  250-254.  1902. 
Halbaum,  H.  W.  G.    The  Theory  of  the  Equivalent  Orifice  treated 

Graphioally.  <  Trans.  Inst.  Min.  Eng.*  zz.  40i-417.  1901. 
 An  Extension  of  the  Equivalent-Onfice  Theory.  *  Trans.  Inst.  Ifin. 

Eng/  ra.  355-867.   1 902. 
 A  new  Diagram  of  the  Work  of  Mine  Ventilation.   *  Trans.  Inst. 

Min.  Eng.*  xxii.  1H  }  492.  1902. 
Hancock,  II.  Lipson.    Mining  and  Treatment  of  Copper  Ore  at  the 

Wallaroo  and  Moonta  Mines,  South  Australia.    '  Trans.  Inst.  Mm. 
.  Eng.'  xxn.  461-488.  1902. 
Hon:,  Alabic.  Construction  in  Fortified  Oonerete.  'Trans.  laveipoQl 

E.  Soo.'  XXII.  01-77.  1901. 
HosKOLD,  H.  D.    A  Now  Civil  and  Mining  Engineer's  Transit  Theodolite 

for  connecting  Underground  Workings  to  tlio  Surface,  vice  versa,  and 

for  general  Surveying.  *  Trans.  Inst.  Min.  Eng.'  xxii.  530-'i55.  1902. 
Jones,  J.  A.    The  Development  and  Working  of  Minerals  in  the  Pro- 
vince of  Leon,  Spain.  *  Trans.  Inst.  Min.  Eng.*  xz.  4SD-441.  1901. 
Kbiohlev,  }  1  ( d.  C.   Coke-making  at  the  Oliver  Ooke  Works.   '  Tnaa. 

Inst.  Mm.  Eng.*  xxii.  498-608.  1902. 
Eer,  W.  Airi  Hi  R.   The  Electric  Driving  of  Worlcshops.   '  Trans.  XjEfCP- 

pool  E.  Soc.'  XXII.  81  50.  1901. 
Lewis,  Sir  W.  T.    PreKidontial  Address.    (Coal  Mining.)    *  Trans.  Inst. 

Min.  Eng.'  xxn.  280  292.  1902. 
Loui8»  Prof.  Henbt  (N.  Eng.  Inst.).   Standarflisation  of  Snrveyors' 

Chains.   ♦  Trans.  Inst.  Min.  Eng.'  xxrii.  85  90.  1902. 
Maclaben,  J.  Malcolm.   The  Charters  Towers  Gold'fieldt  Qneeasland. 

'  Trans.  Inst.  Min.  Eng.'  xxi.  879  401.  1902. 
McMurtiuk,  Geobgi:  E.  J.    Methods  of  Working  the  Thin  Coal-seams 

of  the  Bristol  and  Somerset  field.   '  Trans.  Inst.  Min.  Eng.*  xx.  340- 

857.  1901. 

Meaohbh,  F.  G.  (S.  Staff.  Inst.  Eng.).  Timbering  in  Mines.  'IVaos. 

Inst  Min.  Eng.'  xxi.  804-805.    1 901 . 
MoROANS,  TnniMAs.    Notes  on  the  Lead  Industry  of  the  Mendip  Hills. 

'  Trans.  Inst.  Min.  Eng.'  xx.  478-494.  1902. 
O'Bbien,  H.  E.,  and  B.  Humfhbey.  Springs.  *  Trans. Liverpool  E.  isoc' 

XXII.  18,S-200.  1901. 
i^iLKiNOTON,  Hebbebt  (Chesterf.  Mid.  Count.  Inst.).    Blast  Furpact^ 

Fnels.  'Trans.  iQPt.  Mill,  S|ig.*x$i»  155-166.  190}, 
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Bbid,  Alexander  (Midland  Iiist.  En^.)-   Chinew  Mines  and  Miosn. 

'  Trans.  Inst.  Min.  En^:.'  xxiii.  26-87.  1{>02. 
Beumaux,  E.    Use  of  Waste -frasos  from  Bye-product  Coke-ovens  in 

Explosion-motors.    '  Trans.  Inst.  Mm.  Eng.'  xxi.  402-  405.  li>02. 
Short,  Pxot  BnxMBT  H.   Tramway  Motors.  *  Trans.  Liverpool  £.  Boo.' 

XXII.  14a-168.  1901. 
fiiWANN,  Hugh  P.  (Mining  Inst.  Soot.).   The  Practical  Eosults  obtained 

on  Changing  the  Motive  Power  of  an  Underground  Pump  from  Steam 

to  Electricity.    '  Trans.  Inst.  Min.  Eng.'  xxii.  214-217.  1902. 
Thompson,  (t.  II.    The  Connection  of  Underground  and  Surface  Surveys. 

*  Trans.  Inat.  Min.  Eng.'  xxii.  519-585.  1902. 

Vbbsohoylb,  W.  Dbkham.  Gold  Dredging.  *  Trans.  hmL  Min.  Eng.' 

XXI.  $7S-878.  1900. 
VoN  SoBBE,  F.  A.   Mining  and  Treatment  of  Diamond-beanng  Ground. 

*  Trans.  Liverpool  E.  Soc.'  xxn.  108  115.    1901 . 

Welton,  William  S.  (N.  Enj?.  Inst.).    Auriferous  Gravels  and  Uydranlio 

Mininp:.    «  Trans.  Inet.  Min.  Eng.'  xxii.  137-151.  1901. 
\ViLS02«,  W.  J3.,  iun.  (N.  Eng,  Inst.).   Tapping  Drowned  Workings  at 

Wheailey  Hffl  GoUW.  « Trans.  Inst.  Mm.  Eng.*  xxm.  79-81.  1908. 
WiMDEB,  Oliveii.  The  Design  of  Underframes  and  Bogies  for  Boiling 

Stock.   '  Trans.  Liverpool  E.  Soc'  xxu.  206-223.  1901. 
Wood,  W.  0.  (N.  Eng.  Inst.).    The  Snssnmn  Electric  Miners'  iMp, 

<  Trans.  Inst  Min.  Eng.*  xxx.  169-194.  1901. 


Seetkm  J7.— Amtbbopoimt. 

Babnr,  Bev.  TnouAB.  The  Limea  Britannioas.  '  Trans.  N.  Sta£Ei.  F.  C 

xxxvi.  105-128.  1902. 
Campbell,  Duncan.   Highland  Sheilings  iu  the  Olden  Time.   *  Trans. 

Inverness  Sci.  Soc.'  v.  02  UO.  1902. 
CoLLTBR,  H.  C.  The  Stone  Monnmente  of  Brittany.   '  Trans.  Croydon 

M.  N.  H.  C.  1900-1901,'  22-29.   1901 . 
Crellin,  Miss  A.  M.   Report  of  the  Anthropological  Section  (Folklore) 

[1900].    *  Yn  Lioar  Manninagh,'  iii.  GlO-Gll.  11)02. 
CuBSiTOK,  James.   The  Scottish  Brochs,  their  Age  and  their  Destruction, 

*  Trans.  Inverness  Sci.  Soc'  v.  225-220.  1902. 
Dixon,  S.  B.   On  Palaeolithic  FUnt  Implements  found  at  Knowle,  near 

Savemake  Forest  <  BepoH  Marlb.  CoU.  N.  H.  Boo.'  No.  60,  20-84. 

1902. 

Fraser,  Bev.  Donald.   The  Zulu  of  Nyasaland :  their  Manners  and 

Customs.    •  Proe.  Glasgow  Phil.  Soc.'  xxxii.  00-75.  1901. 
Gaythokpe,  Harper.   Notes  on  a  Socketed  Bronze  Celt.   *  Proc.  Bath 

N.  H.  A.  F.  C  IX.  294  300.  1901. 
Gbat,  H.  St.  George.   Bronze  Sword  found  on  Pitney  Moor,  Somerset. 

'ProcSomersetsh.  A.  N.H.Soe.' 280-283.  1902. 
Greswell,  Bev.  W' .   Ancient  Dnmnonia.  '  Proe.  Somersetafa.  A.  N.  H. 

Soc'  XLVii.  175  188.  1902. 
Johnson,  J.  P.   Palteohthic  Implements  from  the  Low-Level  Drift  of 

the  Thames  Valley.    '  Esrpx  Naturalist,'  xii.  52  57.  1901. 
Kermode,  p.  M.  C.    Early  Lamps  and  Candle-holders  in  the  Isle  of 

Man,   '  Yu  Lioar  Manninagb,'  xii.  570-574,  ;90l, 
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Kbbmodb,  p.  M.  C.  Report  of  tlio  Archssologioal  Seotion  [1900].  '  Yn 

Lioar  Manninagli,'  iii.  r.07-G10.  1902. 

■    Sculptured  and  Inscribed  Stones  recently  found  at  Kirk  M&ughold* 

*  Yn  Lioar  Manninagh,'  iii.  G29-683.  1902. 

Littler,  H.  W.  Notes  on  the  Hand-printing  Silk  Works  at  Waltham 
Abb^  and  West  Ham.  <  Essex  Naturalist/  xn.  4a-44.  1901. 

IiOVBTT,  Edward.  Fish-hooks  or  Gorges  of  Wood  from  France  (simibK 
to  those  from  Essex).   '  Essex  Naturalist/  xii.  28-81.  1901. 

>LkTTHE\vR,  J.  HoBsoN.   TliG  Plnco  nanieR  of  the  Cardiff  IXiatriet. 

*  Trans.  Cardiff  Nat.  Soc'  xxxiii.  UI02. 

Meykick,  E.   Anthropometrical  Heport.   '  Bep.  Marlh.  CoU.  N.  H.  Soe.* 

No.  50,  125-160.  1902. 
MoBOAN,  Prof.  C.  LXiOTD.  Burwalls  and  Stokeleigh  Camps.  'Pne. 

Somersetsh.  A.  N.  H.  Soc.'  zltu.  217-229.  1902. 
MuLQUEEN,  Mr.   Round  Towen  and  Broehs.  *  Trans.  XnYemeaa  8ci. 

Soc/ V.  242  215.  1902. 
Northamptonshire  Natural  History  Society.  Report  on  Prebistoiio 

Remains.    *  Journal  Northants.  N.  H.  Soc.'  xi.  8-9.  1901. 
Pattsbson,  W.  H.    Some  Account  of  the  Objects  comprised  in  Lord 

Deramore's  Beoent  Donation  [to  the  Society's  Ifnseain].  'Proe. 

Belfast  Nat  Hist.  Phil.  Soc.  1900-1901/      18.  1901. 
Batclipfr,  J.  li.   On  Plato's  Commnnistio  Theoiy.   '  PhMS.  Livaipool 

Lit.  Phil.  Soc'  LV.  115  132.  1901. 
BoBARTB,  N.  F.    Stone  and  Bronze  Celts  Recently  Discovered  in  Croydon 

and  Neighbourhood.    *  Trans.  Croydon  M.  N.  H.  C.  1900-1901/ 

01-66.  1901. 

Boss,  Dr.  Albxakdbb.  Broehs:  What  are  they?  'Trans.  InwiMSS 

Sci.  Soc.'  V.  325-887.  1902. 
Bobs,  Dr.  John.   The  Chinese  People  and  their  Beligions.   '  Proe. 

Glasgow  Phil.  Soc'  xxxii.  48-59.  1901. 
Both,  H.  Lino.    Bankheld  Afuseum  Notes.    II. — The  Burmese  Collec- 
tion.   •  Halifax  Naturalist,'   vi.  29-88,  61-64.     1901  ;   IlL— An 

Hawaian  Leglet.   *  Halifax  Naturalist,'  vi.  88-86.  1901. 
BwiNNBBTON,  FiiBDBBicK.  NeoUthic  'FuTO-holes'  or  Ontside  Cooking 

Places.    *  Yn  Lioar  Manninagh,'  iii.  570.  1901. 
—  Finds  in  Rushen's  Pre-historio  Bemains.  '  Yn  Lioar  Manninagh,' 

III.  685-640.  1902. 
Toms,  H.  S.    The  Pottery  of  Pre  historic  and  Roman  Britain.    *  Bep. 

Brighton  N.  H.  Phil.  Soc.  1900-1901,'  22-83.  1901. 
ViNTCOMB,  John.   Symbolic  Ideas  of  the  Ancients  concerning  Trees  and 

Plants.  •  Proc.  Belfiskst  Nat.  F.  C*  nr.  691-596.  1901. 
Wallace,  Thomas  D.   The  Men  of  the  Ice  Age.   *  Trans.  InvemeBS  8a. 

Soc.'  V.  185-18G.  1902. 
The  Mound  Builders  of  America.  (Retiring  Address,  1896.)  *  Trans. 

Inverness  Sci.  Soc'  v.  18G  188.  1902. 

 Pre-Glacial  Man.   '  Trans.  Inverness  Sci.  Soc'  v.  815-325.  1902. 

Wood,  G.  W.  Lhuyd's  *  ArchsBologia '  and  the  Manx  Language.   '  Yp 

Lioar  Manninsgh,'  m.  666-669.  1901. 
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SwHon  J. — ^Phtsioloot. 

Galt,  Prof.  Hugh.    Some  Points  in  the  Analysis  of  Meat  Extracts  and 

Allied  Preparations,  with  Notes  on  thoir  Dietetic  Value.  *Proc« 

Glasgow  Pbil.  8oe.*  xxni.  19-80.  1901. 
Green,  R.  F.   The  Problem  of  Conseiofasness.   *Proo.  liverpool  Liti 

Phil.  Soc.'  LV.  133-155.  1901. 
Lfvick,  John.    The  Bole  of  Mosqnitos  in  the  Spread  of  Malaria.  *  Proo» 

Birm.  N.  H.  Phil.  Soc.'  xi.  09  03.  1902. 
Long,  Sydney  H.    The  Mosquito-Malaria  Theory.   •  Trans.  JS'orf.  Norw. 

Nat.  Soc.'  VII.  188-204.  1901. 
Banbom,  Dr.  W.  B.  The  Via  medicatrix  nattira.  (Presidential  Address.) 

<  Tians.  Nott.  Nat.  Soe.  1900-1901/  19-88.  1901. 


Section  K, — Botany. 

Bennett,  Arthuk.   Peuccflanum  palustre  in  Lake  Ijanoashire.  'liie 

Naturalist  for  1901,'  267-2G8.  1901. 
Bloomfield,  Rov.  K.  N.    A  List  of  Suffolk  Mosses.   *  Traus.  Norf. 

Norw.  Nat.  boc.  vii.  227-  242.  1901. 
Bbett,  Cybhi.  List  of  late  Flowering  Plants  at  Alton.  *  Trans.  N. 

Staff.  P.  0.*  XXXVI.  78-74.  1902. 
BURRBLL,  W.  H.    On  the  Occurrence  of  .TjciiUum  clatitwm  in  Norfolk. 

'Trans.  Norf.  Norw.  Nat.  Soc'  vn.  255-259.  1901. 

BuRTON-ON-TkENT  NaTUHAL    lilbTOKY    AND    ARCH.t:OLOGICAL  SoClETY 

(Botanical  Section).  The  Flora  of  lUirton-on  Trent  and  Neighbour- 
hood. Part  IV.  Conclusion  of  the  Dicotyledons,  the  Monocotyle- 
dons, Cryptogamia,  and  Gharaceie.  '  Trans.  Bort.  N.  H.  Arch,  ooc,* 
IV.  117-148.  1901. 

Cabadoo  AND  Severn  Valley  Field  Club.   Botaniesl  Notes,  1901* 
'  Record  of  Bare  Facts,'  No.  11,  6-35.  ri902.] 

CoRi^KTT,  Herbert  II.    Yorkshire  Naturalists  at  Conisborough  and  Don- 
caster.    '  The  Naturalist  for  1D02,'  117-124.  1902. 

Crossland,  Cuableb.    The  Collecting,  Drying,  and  Mounting  of  Plants 
for  the  Herbarium.    *  Halifax  Nattiralist»'  vi.  89-44.  1901. 

 Tree-deetioying  Fungi.  <  Halifax  Naturalist/ vi.  108-109.  1901. 

Mollisia  cimrascem,  Behm,  at  Brough ;  a  new  HsGord  for  Great 
Britain.    '  Trans.  Hull  Sci.  F.  N.  C  i.  214.  11)01. 

-■■    Fungus  1  oray  at  Cadeby,  Melton,  Sprotborough,  and  Warmsworfeh* 
•  The  Naturalist  for  1901.'  837-850.  1901. 

Fungi  at  Masham  and  Swinton.    '  The  Naturalist  for  1902,'  21-81. 
1908. 

Cbump,  W.  B.    The  Flora  of  the  Parish  of  Halifax.  <Hali&x 

Naturalist,'  vl  App.  xlix.-lxiv.  1901. 
— ,  and  W.  G.  Smith.     The  Ttilisation  of  "Waterworks'  Crathering 

Grounds  by  Afforestation.    *  Halifax  Naturalist,'  vii.  1-8.  1902. 
Davies,  John  H.    riie  l>otany  of  the  Shores  of  Lough  Neagh.  *Proo. 

BeUast  Nat.  Hisi.  Phil.  Soc.  1900-1901,'  85-40.  1901. 
DixoM,  H.  N.  Phenological  Obsermtions,  1898,  1899,  1900.  *  Journal 

Northants.  N.  H.  Soc.'  xl  112-116.  1901. 

—  Botanical  Notes.    '  Journal  Northants.  N.  H.  Soe.*  xi.  117.  1901. 

—  A  PreUminary  List  of  Norfolk  Mosses.  *  Trans.  Norf,  Norw.  Nat.. 
Soo/ 212-226.  1901. 
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Dklce,  G.  Clauidge.   Notes  on  the  NorthamptonshizeFloEa.   *  Jooinal 

Nortbants  N.  II.  Soc'  xi.  la  17.  1901. 
Dunn,  8.  T.    Origin  of  the  Dead-nettles  in  Bhtoin*   '  SoutU-Eastem 

Naturalist  for  1001,'  16-40.  1901. 
Fkiend,  He  v.  liii.DEitic.    Some  Lakeland  Host-Plants  and  Paraaiies. 

*  The  Natoralisi  for  1901,*  178-176.  1901. 

Gbant,  G.  H.  6.  Lirt  of  Mosses  ftom  Isle  of  Msn,  Deoember  1900. 

*  Yn  Lioar  Manninagh,'  iii.  683-634.  1902. 

Halstead,  T.    The  Natural  History  of  Tag  Lock :  HI. — ^Fioworiflg 

Plants.    '  Halifax  NaturaUst,'  vii.  18  16.  1902. 
Inobam,  WiiiLiAM.    Harpidioid  Hypna  of  Yorkshire  and  Durham. 

«  The  Naturalist  for  1902.'  98-96.  1902. 
Kbboan,  Dr.  P.  Q.  The  CSiemistry  of  some  Common  Plants.  *  The 

NatnzBlist  for  1902/ 165-169.  1902. 
Kek.mode,  Piov.  H.  A.  P.   Retiring  Address.    (The  Work  of  the  Isle  of 

Man  Natural  History  and  Antiquarian  booietj.)   *  Yn  lioar  Man* 

ninaf^h,'  iii.  604-607.  1902. 
- —  Report  of  Botanical  Section  |.1900j.   '  Yn  Lioar  Manninagh,'  lu. 

611-612.  1902. 

liABDER,  J.  Linoolnshire  Freshwater  Algn.  *The  Naturalist  for  1902,' 
69-61.  1902. 

Lbach,  B.  E.  Some  Westmorland  PUmts.  *  The  Natonlist  for  1902,' 

165-156.  1902. 

Lees,  F.  Arnold.    Some  Flower  Features  oi  the  Southern  Ainstjf. 

*  The  Naturalist  for  1902,'  68-64.  1902. 

Lehlik,  J.   History  and  Culture  of  the  Grape  Vine.     'Trans.  Perths. 

Soc.  Nat.  Sci.' m.  101-lOff.  1901. 
JdAoLkYt  Prof.  A.  Teehnioal  Gofl^ges  in  Germany  and  in  Olasgow. 

*  Proe.  r.las-ovv  PhQ.  Soc.'  xxxii.  76-110.  1901. 

Mabloth,  Dr.  H.  Notes  on  the  Occurrence  of  Alpine  Ty^X'S  in  the 
Vcgi'tatioH  of  the  Higher  Peaks  of  the  South- Western  Region  of  the 
Cape.    '  Trans.  S.  African  Phil.  Soc*  xi.  161  168.  1901. 

Mashek,  Gkokgk.    Coprophilous  Fungi.    Abstract  of  Address  delivered 
at  Cadeby,  Scpt^oer  28,  1901,  at  the  Yorkshire  Fnngns  Foraj. 
<  The  Naturalist  for  1901,*  888-886.  1901. 
— ,  and  Charles  Crossland.    New  British  Diseomycetes. — Ptet  L 

*  The  Naturalist  for  1901,'  177-189.  1901. 

 Xew  Yorkshire  Agarics.  •  The  Naturalist  for  1902,'  1-2.  1  !X)2. 

Meykick,  E.    iieport  of  the  Botanical  Section.   *Beport  Marlb.  ColL 

N.  H.  Soc'  No.  00,  85  44.  1902. 
Mills,  F.  W.,  and  B.  H.  P&iup.  The  Biatomaces  of  the  Hull  District 

*  Trans.  Hull  Sci.  F.  N.  0.*  1. 167-^224.  1901. 

O'SuLLiv.vN,  .Tami:s.  a  Glimpse  of  the  Life  of  Chlorophyllous  Plants. 
[Presidential  Address.]  ' mns.  Bart. N. H.  Atoh.  Soc.'  iv.  82-^, 
1901. 

Paintkh,  IxLV.  W.  TF.   Additional  Notes  to  the  Flora  of  Derbyshire. 

*  The  Naturalist  for  1902,'  5-12.  1902. 

Petch,  T.  The  Sea  Larender  (StaU^  Imonium)  in  Holdemess.  '  Trans. 

HnU  Sd.  F.  N.  G.*  i.  288-285.  1901. 
 Paludestrina  jenkmsi  near  Hidl.  *  Tia&s.  Htdl  8d.  F.  N.  C* 

I.  236-237.  1901. 
Petty,  S.  Lister.  Some  Plants  of  SilTexdale»  West  Lanoaahire.  *The 

Naturalist  for  1902,'  88-54.  1902. 
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Phillips,  W.  H.  My  Hobby  about  Ferns  and  its  Besults.  '  Belfast  Nat. 

F.  C:  IV.  605-624.  1901. 
^KAXOKBy  B.  Iaoto.  Botamsing  in  the  Centre  and  West  of  Ireland. 

•  Proc.  Belfast  Nat.  F.  C  iv.  668-5G5.  1901. 

 Additions  to  '  Irish  Topographical  Botany  *  in  1901.    *  Iiish 

Naturalist,'  xi.  1-H.  1902. 
Beadek,  Rev.  P.  H.    Notes  on  a  Collection  of  Lichens  by  the  late  J. 

Hardy.    *  History  Berwicksh.  Nat.  Club,'  xvii.  201  201.  1901. 
Saboant,  Miss  Ethbl.   The  Adaptation  of  Seedlings  to  their  Sunoond- 

ings.  *  Sonth-Eastem  NaturaUst  for  1901/ 12-15.  1901. 
ScRiVEN,  R.  G.   Sfune  Observations  on  the  Grow  tli  of  Trees  of  variotui 

Ages.    •  Journal  Northants.  N.  H.  Soc.'  xi.  125-180.  1902. 
SuooBMiTH,  W.  B.   The  DiatomaoesB.   *  Joomal  Northants.  N.  H.  Soc* 

XI.  0107.  1901. 

Southwell,  Thomah.    On  Mr.  Marsham's  '  Indications  of  Spring.' 

•  Trans.  Norf.  Norw.  Nat.  Soc.'  vn*  246-254.  1901. 

Stow,  Mise  8.  C.  List  of  Lmoolnshire  Hepatice.   *  The  Nainralist  Ibr 

1902,'  v;  .8.  1902. 

Stuart,  Dr.  Charles.  The  Changes  which  take  place  in  Plants  in  a 
Wild  and  Cultivated  State.  *  History  Berwicksh.  Nat.  Club/  xvu. 
275-282.  1901. 

Waddell,  Rev.  C.  H.   Presidential  Address.    (The  Work  of  the  Club.) 

'  Pioe.  Belfast  Nat.  F.  C/  iv.  549-i;59.  1901. 
Wbst,  W.  and  G.  8.    The  Alga-Flora  of  Yorkshire.    *  Trans.  Yorks. 

Nat  Union,'  Part  25,  pp.  101  1 01.  1901. 
Wheldon,  J.  A.  The  North  of  England  Harpidia  (after  Benanld).  '  The 

Naturalist  for  1902/  05-92.  1902. 
 ,  and  Ali^ert  Wilson.    Notes  on  the  Flora  of  Over  Wyresdale. 

•  The  NaturaUst  for  1901/  357-  802.  1901. 

White,  Jakbs  W.  Bristol  Field  Botany  in  1901.  '  Proo.  Bristol  Nat. 

Soc' DC.  128-147.  1902. 
Wilkinson,  Henry  J.   Catalogue  of  British  Plants  in  the  Herbarium  of 

the  Yorkshire  Philosophical  Society. — ^Part  VIII.    *Beport  Yorks. 

Phil.  Soc.  for  1901,'  08-78.  1902. 
W^iLSON,  Ai.HKRT.    The  Great  Smoke-cloud  of  the  North  of  England 

and  its  Xnliuence  on  Plants.    '  Halifax  Naturalist,'  vi.  57-01.  1901. 
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and  gods  of,  by  Bev.  J.  H.  Holmes, 

752. 

Elementary  mathewMet^  the  teaokimg 

report  on,  473. 

 ,  ,  A.  W.  Siddons  on,  848. 

^Ellipse,  a  praptlcal  nie  for  finding  tiie 

perimeter  of  an,  )}y  T.  Moir,  629. 
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Sixn  (W.)  on  oempairtmf  amd  w§SMnf  I 

magnetic  phterratUmt,  t'H.  ' 
Elpuinhtonb  (G.  K.  JB.)  4m  the  li.A.  : 

term  g^ivgc,  360.  I 
Slwobthy  (F.  T.)  on  porfoiated  ifcoDe 

amulets,  7G7.  I 
♦Embryonic  cell,  the  si^'ninoance  of  the,  | 

Prof.  C.  8.  Minot  on,  t-58.  I 
Engineering,  Address  by  Fiof.  J.  Pony 

to  the  Section  of ,  711. 
'KngrlnaerlDfr  work,  the  iiapoiteiied  of 

minor  detnil-^  in,  by  M  If.  Smith,  73.', 
'Engineers,  the  training  of,  disoosuon 

on,  847. 

•English,  the  teadilng  of,  dlaoiiMion  on, 

847. 

EngUah  jrrammar,  the  neglect  of,  by 
Piof.  Mnebin,  847. 

Entropy,  tho  njiplication  of  the  method 
of,  to  radiant  energy.  Dr.  J.  Larmor  on, 
C4G. 

Enzymes,  the  synthetical  anAloii  ol^  by 

Dr.  E.  F.  Armstrong,  579. 
l^uations  of  sutc,  U.  U.  F.  Ilyndman 
00,685. 

*SfU»  Tt  trail  I,  exhibition  of  forms  of, 

from  Connemura,  by  Prof.  L  fiayley 

Balfoar.  799. 
Mratio  blocks  qftMeMiUhldei,  vepart 

OH  thcy  252.  ' 
•Bskiiuo  of  Southampton  Island,  some 

measurements  of,  J.  F.  Tocher  on,  762. 
•Ethnography  of  tlie  NagM,  Dr.  W.  H. 

Furness  on  the,  770. 
EGmt^ttgieal  ttvdisi  of  #A»  mafnland 

MnOtbmi'lmn,  a  diruion  of  the  SaluA 

of  BrUuh  Columbia,      C.  HUUTwt, 

355, 

Mhnological  mnwy  i^  Conmda^  fieport  oh 

ail,  3r,a. 

♦Eupomataa  and  Polygordiug,  early  do- 

▼elopmeot  of  tbo  hoad-kklti^  io,  C. 

Shearer  on,  6GI. 
BVANR  (A,  H.)  nn  rvorking  out  the  deUiibt 

of  the  obKrvationt  on  ths  miffratUtn  of 

Mnl*,  278. 

Evans  (A.  J.)  on  the  Rmmfon  at  Oolfy- 

goer,  450. 
 on  the  Sttohutor  omoawUion,  458. 

.        on  fhr  age  of  ittone  circlet,  455. 

 on  cx^larntiotu  at  Knoi»o»  in  Crete, 

466. 

9TABS  (Sir  J.)m  anthropomotrSe investi- 
gations among  thr  natioo  ttOOfB  of  tho 
Egyptian  arwg,  3.')0. 

on  tko  ago  «f  oione  eireXoi,  455. 

- —  on  aoploroHont  at  JDmmm  in  OrotOt 
466. 

~—  on  tko  loorh  of  ibo  Corresponding 

Societies  Canintlttee,  851. 

Eve  (H.  \f .)  on  the  teaching  qf  elemen- 
tary mathematics,  473. 

♦EvenlodOk  tbe  win  dings  of  the,  Dr.  A«  J. 
^evbertflop  od,  653. 


BVBRETT  (Prof.  J.  D.)  OlI/mMfiMlelM* 
trieol  standards,  53. 

1^  on  the  graphical  repremitatiao  ef 
BamMj  ud  Young's  law  for  the  oom* 
parison  of  vapoiui  at  equal  |neim^ 
537. 

EwART  (Prof.  J.  Cossar)  on  imrestiga- 
tions  in  the  laboratory  of  the  Marinr 
Biological  Association  of  the  Wott  ef 
Heotland  at  Millport,  273. 

*  xeeent  iateveroetiiig  experiflMoli 

with  dogs,  GIU. 

Kwixo  (I>rof.  J.  A.)  on  oeioasologiool 
invest igaiion,  59. 

Expedition  for  ascertaining  the  best  loca- 
tion ot  obMnratofiee,  by  P.  I<owdl, 
564. 


Factory  and  Workshops  Acts,  the  ed> 
ministration  of  the,  by  local  aanitarr 
authorities,  by  Mist  A.  Harrison.  707. 

Faiblev  ('!'  )  on  the  iHovement.t  of  under- 
ground ucatvTS  of  North-Kctl  York* 
ekiro,  824. 

*Fai.i,at7E  (K.  N.),  saggostions  for  the 
classiticaticn  of  the  subject-matter  of 
anthropology,  770. 

Fabmbb  (Prof.  J.  B.)  on  tho  rtopiratitn 

of  plant.*,  472. 

 on  the  oyatuiphycetf,  4i.i. 

♦Fatty  seedfl^  the  germination  of.  ftof. 

J.  R.  Green  and  H.  .Jackson  on,  804. 
Fawsitt  (Dr.  C.  £.),  the  deoomposition 

of  urea,  578. 
Fearnsides  (W.  G.)  on  some  new  fossils 

from  Penmorfa,  and  their  bearinir  on 

t  lie  Cambro-Ordoviciaii  succession  near 

Treauidoc.  614. 
Fenmhll  (VV.  J.)  on  iome  Ulster  aooter^ 

raine,  753. 
FiMtiD  (M.  B.),  tome  eleetrioal  inelni- 

ments,  734. 
fieldfare  (Turdus  pelaris),  the  migrmtiont 

of  the,  W.  Eagle  Clarke  <m,  274. 
Fish  fauna  of  the  PendUside  hmeotones, 

n  list  of  the,  by  E.  D.  WelWurn,  222. 
Fifihes,  the  scales  of,  as  an  index  of  age, 

by  J.  8.  Theawon,  642. 
FiTZP.VTRTCK  (Rev.  T.  C.)  on  pomoMl 

electrical  ftandards,  53. 
♦Flashing  lighthouse  light,  a  new,  with- 
out intervals  of  darkiieiWi  by  J.  B. 

Wigham,  735. 
Flejaino  (Prof.  J.  A.)  on  practical  el^- 

trieol  jtemfanif .  68. 
Flora  of  the  north-east  of  Ireland,  the 

composition  of   the^  by  K.  lioyd 

Praeger,  816. 
Flora  of  the  Australian  AIp^.  a  oeBM 

of  the,  Jnines  Stirling  on,  799. 
Flow  of  fluids  in  plant  stems,  some 

inquiry  into  the  phyaioa  of  the,  bf 

Prof.  R.  J.  AndenoD,  817.' 
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*l^ower-like  insects  from  the  Malay 
Peninsula,  by  Nelson  Annandalc,  649. 

b'x^OYEB  (E.  A.)  an  terrestrial  turf  ace- 
waves  and  ware-like  surfaces,  285. 

F*t.vx  (Prof.  A.  W.)  OH  the  economic  effect 
€3ff  lcgislationregulating  women's  labour, 

Poliax  periodicity  in  Ceylon,  by  Herbert 

^Vright,  hllL 
FooRU  (Dr.  A.  II.)  on  life-zones  in  the 

British  carboniferous  rocks,  210. 
♦yoRBES  (Trof.  G.),  ext>eriencei  with  the 
infantry  range- tinder  in  the  Houth 
African  war.  7.{6. 

F'OBBE8  (Dr.  tt.  O.)  on  working  out  the 
details  of  the  obser  eat  ions  on  the 
migration  of  birds,  213^ 

KoRD  (Miss  S.  O.),  on  the  morphology 
of  the  araucariea;,  filiL 

KORBYTU  (Prof.)  on  the  teaching  of  ele- 
mentary mathematics,  iZiL 

Kojssil  tishes  of  the  Lower  Devonian 
rooting-slate  of  Qeniiinden,  Germany, 
Dr.  K.  tL  Traquair  on  the,  (ilO. 

Kossil  6ora  of  the  Cumberland  coalfield, 
K.  A.  N.  Arber  on  tlie,  61L 

•Fossil  -Vipa  fruits  from  Belgium,  by 
A.  C.  Seward  and  E.  N.  Arber,  H08. 

•  Fossil '  water,  the  so-called,  of  sedi- 
mentary strata,  ns  illustrated  by  the 
sandstones  of  the  Moray  Firth  baBin, 
by  Dr.  W.  Mackie,  G08. 

I^oMeiLt,  British,  the  registration  of  type 
specimens  of,  report  on,  210. 

 from  the  cretaceous  strata  in  the 

Salt  Range  of  India,  Prof.  G.  Sceley 
on, 

  of  the  Silurian  area  of  N.  E.  Ireland, 

R.  Clark  on  the,  5i>iL 

 some  new,  from  Penmorfa,  and  their 

bearing  on  the  Cambro-Ordoviciaii  suc- 
cession near  Trcmadoc,  W.  G.  Feam- 
sides  on,  G14. 

FOSTBB  (A.  Le  Neve)  on  the  B.A.  screw 
gauge,  2LiL 

Foster  (Prof.  0.  C.)  on  practical  elec- 
trical standards,  ^ 

Fox  (H.)  oa  life-zones  \n  the  British 
carboniferous  rocks,  210. 

Fox  (W.  L.)  on  magnetic  observations  at 
Falmouth,  15^ 

Free  trade,  the  eflFects  on  Ireland  of  the 
adoption  of,  bv  the  United  Kingdom, 
by  B.  Allen,  im 

*Frbeman  (E.  M.),  the  Darnel  seed- 
fungus,  SILL 

Fresh-water  lakes  of  the  Brititih  Isles,  the 
survey  of  the,  by  T.  N.  Johnston,  HBO. 

•FURNE88  (Dr.  W.  on  the  ethno- 
graphy of  the  Nagas,  770. 


0 ALTON  (F.)  on  the  work  of  the  Corre- 
sponding Societies  Committee,  X5l. 


Ganono  (Dr.  W.  F.)  on  an  ethnological 

survey  of  Canada,  353. 
Gardiner  (J.  Stanley),  the  breaking- 

up  of  coral  rock  by  organisms  in  the 
I      tropics,  iiiL 
Gardiner  (W.)  on  the  cyanophycefr, 

473. 

Garson  (Dr.  J.  G.)  on  the  collection  of 
j      anthropolitgical  pJiatographs,  449. 

j   on  the  age  of  static  circles,  4">o. 

■  on  the  work  of  the  Corresponding 

Societies  Committee,  M51. 
'  Garstano  (W.)  an  incestigaiions  made 
at  the  Marine  Biological  Laboratory, 
I      Plymouth,  2LL 

I  •- —  the  international  investigation  of 
I      the  North  Sea,  tilL 
I  Garwood  (Prof.  E.  J.)  on  life-zones  in 
i      the  British  carboniferous  rocks,  ILUL 

I   on  tfie  collection  of  photographs  oj 

i      geological  interest, 

'  *Gas-engine  explosions,  a  note  on,  by 

1      Prof.  J.  Perry,  I3L 

'  —  a  preliminary  note  on,  by  IL  E. 

I      Wimperis,  JM. 

Gas-engines,  large,  recent  progress  in, 
,      by  IL  A.  Humphrey,  I2iL 
;  Gbikie  (Prof.  J.)  on  the  collection  oJ 
I      photographs  of  geological  interest,  22^ 

ih'llygatr,  the  Batman  fort  at,  report  on^ 
450. 

I  GK.MM1I.L  (Dr.  J.  F.)  on  investigations  in 
the  laboratory  of  the  Marine  Biological 
Association  of  the  )\'est  of  Scotland  at 
Millport,  ^ 
I  Geographical  plant-groups  in  the  Irish 
I      flora,  by  K.  Lloyd  Praeger,  683. 

Geography,  Address  by  Col.  Sir  T.  IL 
;      Holdich  to  the  Section  of,  <i62. 
i  Geography  of  Southern  Persia,  the,  as 
j      atlecting  its  history,  Major  P.  M.  Sykes 
on,  G77. 

j  •Geological  map  of  Victoria,  the  new, 
J.  Stirling  on,  G03. 

I   Geological  photographs,  thirteenth  report 
on  the  collection  of,  222* 

;  Geology,  Adflress  by  Lieut.-Gen.  C.  A. 
McMfiihon  to  the  Section  of,  589. 
  of  the  countrj'  in  the  neighbour- 
hood of  Belfast,  i'rof.  G.  A.  J.  Cole  on 
the,  o9tj. 

Geometry,   experimental,   two  suggested 

schedules  of,  by  Mr.  Eggar,  476;  and 
I      Prof.  Perry,  112. 
GiBBS  (Prof.  Wolcott)  on  ware-length 

tables  of  the  spectra  of  the  elements  and 

compounds,  137. 
;  Gibbon  (Prof.)  on  the  teaching  of  ele- 

mentary  mathematics,  473. 
GiFFORD  (J.  W.),  a  lens  for  ultra-violet 

therapy,  537. 
•Gill  (T.  P.),  the  relation  of  technical 

instruction  to  industrial  development 

in  Ireland,  ML 
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GiNSBUBo  (Dr.  B.  W.)t  ahipiiiag  oom- 

bi nations,  098. 
*Glacial  drifts  of  the  Nortb-eMt  of  Ire- 
land* iartMtlgfttioiui  iato  tlM,  Madame 

Christen  on,  1)04.  1 
QLADeroNE  (Q.)  on    Vie  teaehing  (f  | 

msience  in  eUvientary  itcluwls,  481. 
OhAvmrnm  (Dr.  J.  H.)  tm  the  Uu&kktg  . 

(if  elementary  mathontifint,  473  ' 
 OH  t/ic  teaching  of  science  in  elemen-  [ 

Umf  mhooU,  481. 

on  fittorr>.-eiit  and  pliotpliosiaottit  ; 

cliRiuunds,  &8ti. 
— -  and  W.  HiBBERT,  colloids  of  zirco-  i 

nium,  cdinpared  with  tho.<ii>  of  other  | 

tnetals  of  the  fonrth  group,  'S.'.  , 
Glazebbook  (Dr.  K.  T.)  on  ^ractiml 

stettfimU  tkmimrdt^  69.  | 
■  11     i>n  SI  is)iioh>qieal  invcKtigatwn,  59. 

0n  magnetic  observation*  at  Fal-  j 

mcuth,  75. 

— ~—  on  the  Ji.A .  terete  gmtge^  860.  | 

Glencoe,  the  volcanic  rocka  of,  and  their 
relation  to  the  granite  of  Ben  Cruachan,  \ 
H.  Kynattoa  on,  608.  ' 

Gluooside  group,  recent  ''vntheticnl  re-  ' 
HeiiTcbeti  in  the,  by  Dr.  fi.  K.  Armtttrong,  ' 
578. 

•Glvcogen,  the  hydrolysis  of,  by  Dr. 

W  A.  OsV)orne  and  S.  Zobel,  780. 
CiouMAN  (Dr.  F.  Du  Cane)  on  the  zoohfjy 

«fikB  Sandtrich  l»land$,  284. 
GoXNER  (I'rof.  E.  C.  K/).  tlie  population 

of  England  and  Wales  during  the 

eighteenth  centur}-,  706. 
OoODCniLD  (J.  G.)  on  tke  ooUeetian  of 

phntoffraphjt  of  tjcnlogiral  intei'fiif,  229.  | 
GooDKiCii  (K.  S  )  OH  the  struc/urc  and  j 

drvclopvtent  of  the  MMMtory  appMrmtHt 

of  at>ij>hioTus,  2f(0. 
Oooeeberry,  a  disease  of  the,  with  notes  | 

on  Botrifti*  and  Selereitiumt  bj  Miss  ' 

A.  L.  Sinifh,  S16. 

GoRHAM  (.J.  Marshall)  on  the  B.A.  ierete  j 

gauffe,  850. 
•CtoTCH  (Prof.  F.),  the  indeTallgabUity 

of  mediillated  ncn-e,  7^4. 
Graham  (Dr.  W.)  on  the  mental  and 

moral  ehafaeteriatice  of  the  people  of 

Ulster,  7r,2. 
Obaham  (Prof.  VV.),  trusts:  from  the  I 

point  of  view  of  economical  theory,  697. 
Graphical  method  of  determining  the  ' 

discharge  curve  of  a  condenser  through  ' 

a  variable  self-induction,  a,  by  Dr.  £.  Vf.  ■ 

Marchant,  548.  | 
Gray  (TI  St.  V,.)on  the  ercavatumt  at  1 

ArhoT  Low,  May-June  1902,  455.  I 
Gbat  (J.)  on  a  jti^mentatien  mrrey  of 

tkeMkMleMUren  of  Scot  ia  nd.  352. 
 measurements  of  the  Indian  OcMto- 

nation  contingent,  7 60. 
OlAT  (W.)  on  tke  oottectimi  ^photograjfh* 

tf  foeHoQical  kOomt,  888. 


Greek  (Prof.  J.  R.),  Addreaato  lke8M» 

tion  of  Botany  by,  7K5. 

and  H.  Jackson  on  the  gennioa- 

tiott  of  fatty  seeda,  80i. 
Gsebm  (Bev.  W.  8.),  the  iatofeof  BodEail. 

686. 

Greekhill  (Prof.)  en  ike  teaching  if 

elrmentary  mathematiee^  473. 
•Groenland.  with  Liont.  Peaij  in,  bf 

Prof.  W.  Libboy,  687. 
OBBOOsr  (Piof.  R.  A.)  omik0tmM»t^ 

elementary  mafhefnattr^,  473. 
Griffiths  (£.  U.)  on  prmctwal  oieetri^ 

eat  ttandardtf  63. 
 mthBmittnofaU^  176. 


Haddon  (Dr.  A.  C  )  on  a  pigotentaiio^ 
survey  of  the  tohooi  ahiidrm  iieet' 
land,  352. 

 onm»  MiuitgiMii  9mie§if^f  CamMt^ 

 Address  to  the  Section  of  Anihro- 

polop7  bsr.  788. 

TI  ADI.KV  (Mi5w)  on  the  rconciuic  eWrct  of 
legislation  regulattng  women's  labour 
im  OaimSmg  Tmn  ami  ike  Ide  of  lMg$, 
805. 

ffalMmP'h  in,  the  mainland,  a  dirifion  of 
the  SaLish  of  Brxtith  Columbia^  rthne- 
logtaal  ttmdles of,  by  C.  IfiU- r0<a«6. 

IlALLTBUBToy  (W.  D.)       ^  mitn 
okewtistry  of  eelUt  470. 

 Addxem  to  the  Section  of  Phvii- 

ology  by,  771. 

 niid  Dr  F.  W.  MoTT.  legeiMiatioii 

of  nerve.s,  782. 

Hallstatt  types,  the  oocurronoe  in  Ire- 
land of  objfH'ts  of,  G.  Cotfey  on,  760. 

Halstead  (li.)  on  the  eeonowtie  effoet 
legisUMon  rogmUMm§  womnCt  Ukmir 

in  Lricr.ift  r  a/i'/  \or'h(iin/>f<m,  286. 
Hardanger  Fjoni.  Norway,  the  valleyi 
at  the  head  of  the,  H.  W.  Monckton 
on,  618. 

Hardcasti.e  (Miss    Franoaa)  am  tkt 

theory    point-groups,  81. 
Habmbb  (P.  W.)  on  tko  erroHe  UMb  of 

the  BritUh  Mei,  252. 
IIabmer  (Dr.  8.  F.)  on  the  corai  re^» 

of  the  Indian  region,  884. 
Uabbison  (Miss  A.),  tiie  administration 

of  the  Factory  and  Workshops  Ada 

by  local  sanitary  authorities,  707. 
HABHBOir  (Ber.  8.  N.)  on  tko  enmHe 

hleoh*  of  the  British  Isles,  252. 
Uartlakd  (K.  S.)  on  an  gthnologioal 

tureeyof  Canada,  358. 
 on  the  collection  if  (iwrtryihyiwil 

photographic,  449. 
 the  Lia  Fail  of  Tara,  and  electtoi) 

of  kings    mofinj,  766. 
— ^  on  two  Jafwneaa  *  bokft-toi,*  767, 
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HasTLIT  (Prof.  W.  H.)  m  tk«  rMhit  i 

betnreen  the  absorption  stpecfra  and  I 
ehfwical  tkmttitntwn  of  organic  tub-  \ 
ifane^i,  99 ;  on  the  ab$orptUm  tpeetra  of  \ 
jfhloroqlnelmi  tnd  tm»  if  It*  iMra>  ' 

tirett,  99. 

 ofi  wave-lenigih  tables  of  ike  spectra  , 

ef  the  etemmtii  tmd  eompoHmh,  1 87.  I 
HaBVIB-BROWN  (J.  A.)  on  }>'nrJ:inff  out 

the  details  of  the  obsereatimn  oh  the  i 

'migration  of  Hrdt,  273.  j 
Hawks  (C.  H.).  the  island  of  Mchaliii 

and  its  inhabitanta,  084.  ' 
*Hawthobn  (W,)  and  Prof.  W.  B.  | 

HoBTOHtinotioiiof  adtttaotaedtlmacl  ^ 

of  liquid  in  a  capillan'  tubo,  511 . 
Uawtuobnb  (J.)  on  a  fonrlh  methjl-  1 

morphimethine,  582.  ' 
^Head-kidney  in  Polygordins  and  Eapo-  ] 

matas^  C.  Hhcarer  on  eailj  develop-  > 

ment  of  the,  661.  \ 
BmttlMtwiUef.ontkeiefMehnqf^M.  | 
Hele-Shaw  (Prof.  H.  R.)  on tkt resist'  \ 

anee  qf  road  rch\clv$  to  traeHoikt  814.  i 
*He1iinn  and  hydrogen,  the  podtioDsof,  : 

in  relation  to  the  oirth's  atmotphere, 

by  Prof.  G.  H.  Bryan,  556. 
Heller  (W.  M.),  the  introdnction  of 

practical    inatrnctton     into     Ixlah  | 

national  schools,  846. 
Helmand  Delta,  the,  and  the  great 

desert  of  Peieia  Imown  aa  tlie  Lnt, 

Major  1*.  M.  Sykee  on,  677. 
Henderson  (Prof.  G.  G.)  on  gtatixtics 

concerning  the  training  of  chemists 

emplof/ed  ^  Bi»§hth  tfitoniMl  Msuh  \ 

tries,  97.  ' 
Henbici  (Prof.)  <m  the  teaching  ofele-  i 

wmvtairf  nuttkmaHet,  478.  | 
Benbt  (Augustine)  on  the  Lolos  and  ; 

other  tribes  of  Weatem  China,  765. 
•Hebbertson  (Dr.  A.  J.)  on  the  wind- 
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N'AUD  on  luminous  b<icteria,  &01. 
 ,  and  S.  Rowland  on  the  suspe&aioi 

of  life  at  low  temperatures^.  S04. 
McHenky  (A.)  on  the  Ketk  cacti,  cc. 

Sligo,  2iL 
McIntosh  (Prof.  W.  C.)  on  the  oectpc- 

tion  of  atnhle  at  the  2^foleguxl  ^ttes 

at  Naples, 
 on  British  fisheries'  invci^tigaricas 

and  the  international  scheme.  63^^ 
McKexdiuck  (Prof.  J.  G.)  f*n  the  irM 

of  the  mammalian  hearty  470. 
Mackenzie  (Prof.  J.  J.)  on  the 

chemistry  of  cells,  47(>. 
Mack  IE  (Dr.  Wm.),  the  conditiocd  wk: 

which  nuinganese  dioxide  has  bee 

dcpositetl  in  sedimentary  rockf.  « 

ilhi.strated  by  the  Elgin  saodatuacf. 
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Mackie  (Dr.  Wm.)  the  so-cnlled  '  fossil '  i 
water  of  sedimentary  strata,  as  illua- 
tratefl  by  the  sandstones  of  the  Moray 
Firth  basin,  fillhL 

McLachlan  (R.)  on  the  compilation  of 
an  imlcx  generum  et  fpecierum  anima- 
Hum,  283. 

McLaren  (I-ionl)  on  vteteorologicnl  oh- 

$*rrations  on  Ben  Ncvii,  IliL 
Maclaren  (Norraan)  on  treinatodeg  and 

ccgtodes  paratitic  on  Jithes,  2fi£L 
McMahon  (Lieut.-Gen.  C.  A.),  Address 

to  the  Section  of  Geolog>*  by,  580. 
MacMahon  (Major)  on  the  teaching  of 

element nry  inathematirf,  47M. 
MAClilTCiiiE     (David),  underjfronnd 

dwellings  in  the  British  Isles,  7  "if). 
Magnetic  detectors  in  space  telegraphy, 

by  Prof.  Ernest  Wilflou,  547. 
Magnetic  ohserrations,  comparing  and 

reducing,  report  on,  afl. 
Magnetic  observation*  at  Falmouth,  report 

on, 

•Magnetic  testing  instrument,  a  new,  bv 
F.  Holdcn, 

Magnus  (Sir  P.)  on  the  teaching  of  science 
in  elementary  scIwoU,  4M1. 

•Malay  Peninsula,  flower-like  insects 
from  the,  by  Nelson  Annandale,  fi4i>. 

•         protective  resembhince  in  the, 

IL  C.  Robinson  on,  fi.^iO. 

•  the  wild  and  civilisetl  races  of  the, 

Nelson  Annandale  and  iL  C.  Robinson  I 
on,  m  I 

Malays  of  Patani,  human  souls  and 
ghosts  among  the,  by  Nelson  Annan- 
dale, 152. 

Mali.ock  (A.)  on  the  resistance  of  road 

rehiclef  to  traction,  '11 4. 
Mammalian  heart,  the  nrork  of  the,  rcpoH  >. 

on,  470. 

Manganese  dioxide,  the  conditions  umler 
which  it  has  been  deposited  in  sedi- 
mentary rocks,  as  illustrated  by  the 
Elgin  sandstones,  by  Dr.  W.  Mackie, 

m\. 

Map-colouring,  Prof.  A.  C.  Dixcn  on,  Ii21L 

Marchant  (Dr.  E.  W.),  a  graphical 
method  of  determining  the  discharge 
curve  of  a  condenser  through  a  variable  • 
self-induction,  54 h. 

Marine  Biological  Axsociation   of  the  ! 
Wegt  of  Scotland,  inrettigation*  iu  the 
laboratory  of  the,  at  Millport,  report  I 
on,  212.  ! 

Jfarine  Biological  Laboratory,  Plymouth, 
report  on  the  occupation  of  a  table  at 
the,  21L 

Marine  faana  of  the  boulder  clay,  J. 

Wright  on  the, 
♦Mabkham  (Sir  Clements)  on  Capt. 

Sverdrup's  north  polar  expedition, 
Marr  (J.  E.)  on  hfc-zonc*  in  the  British 

carboniferous  rochs,  210. 


Marr  (J.  E.)  on  the  morements  of  under- 
ground watvrt  of  Aorth-nrcjst  Yorluhire, 

—  on  the  erratic  blocks  of  the  British 
Isle*,  252. 

♦Mastbrman  (Dr.  A.  T.)  the  relation- 
ships of  the  larva  to  the  adult  in  the 
startish,  f>47. 

*Mastodon  angnstidens.  Dr.  C.  W. 
Andrews  on  the  tusks  and  skull  of, 

 Dr.  C.  W.  Andrews  on  a  diagram 

of  the  skull  of  the,  t>">4. 

Mathematical  and  Physical  Science,  Ad- 
dress by  Prof.  J.  Purser  to  the  Section 
of.  lillL 

•Mathematics,  the  teaching  of,  discussion 
on,  m 

 ij  elementary,  report  on  the  teaching 

of,  473. 

 ,  ,  the  teaching  of,  A.  W.  Siddons 

on,  84S. 

Matrix  notation  in  the  theory  of  screws, 

by  R.  W.  H.  T.  Hudson,  q2H, 
Matthaei  (Miss  G.  L.  C),  the  effect  of 

temi)eraturc  on  carbon  dioxide  assimi- 
lation, iiOa. 
Matthlv  (G.)  on  j^raotical  electrical 

standards,  5iL 
♦Mavor  (H.   A),  the  making  of  a 

dynamo,  736. 
Mayor  (Prof.  J.)  on  an  ethnological 

Surrey  of  Canada,  353. 
•May  (Dr.  W.  Page)  on  the  innervation 

and  movements  of  the  stomach,  780. 
*  the  nervous  svstem  of  the  camel, 

7S2. 

•McduUated  nerve,  the  indefatiinvbility 

of,  by  Prof.  F.  Gotch,  IM. 
Meluola  (Prof.   R.)   on  seitmological 

inrestigation ,  liSL 

 on  th^  age  of  stone  circles,  4.")5. 

•  a  new  method  of  causing  isomeri' 

sation,  587. 
  on  the  nrofk  of  the  Cormponding 

Societies  Committee,  8.')7. 
Mennell  (F.  P.)  on  the  Khami  ruins, 

near  lJulawayo,  Rhodesia,  70U. 
Mentil  and  mond  characteristics  of  the 

people  of  Vlster,  Dr.  \s\  Graham  on 

the,  Iii2. 

Mercury,  the  variation  of  the  specific 

heat  of,  with  temperature,  Dr.  iL  T. 

Barnes  and  IL  L.  Cooke  on,  630. 
Met^allic  chlorides,  the  reduction  of  some, 

by  calcium  carbide,  by  Major  W.  K. 

Edwards,  Capt.   C.  iL  Liveing,  and 

Prof.  W.  R.  Hodgkinson,  Ml 
Meteorological  observations  on  Ben  yeris^ 

report  on,  93. 
Meteorology,  radiation  in,  by  Dr.  W.  N. 

Shaw,  541. 
Methylmorphimethine,  a  fourth,  J.  Haw- 

iborne  on,  iiiliL 
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Jdiadesin'm  mamhranacea  (Bertrand),  a  | 
lycopodiaceoas  plant  from  the  coal 
measures,  tlie  seed-like  fructification 
of,  bv  Miss  M.  lienson,  8Q8. 

MlALL  CProf.  L.  C.)  on  botanical  photo- 
g-raphs.  471. 

 nn  the  coiiditionA  of  health  r.unUial 

to   thr  carrjflnii   on  of  the  irork  of 
inttruction  in  tu'hooU,  483. 

M'wro-chemistry  of  cell*,  report  on  the, 

♦Middle   Cambrian   trilobites.  Ace,  of 

Monut  Stephen,  British  Columbia,  Dr. 

IL  Woodwartl  on  the.  q2>L 
MiKiW   (Prof.    IL   A.)  on  isomorphont 

sulphonic  (lerirativfJt  of  benzene,  18Q. 
i{i{fration  of  birds,  ob$ercatioM  on  the, 

i  880-1 H87.  fifth  interim  report  on  work- 

xn/f  out  the  d^tatU  of.  273. 
Mill  (Dr.  IL  K.)  on  the  investigation  of 

the  upper  atnuf sphere  by  means  of  kites, 

 the  motives  of  Antarctic  explora- 
tion, fiH5. 

 the  rainfall  of  Ireland.  733. 

MiLNi:  (J.)  on  seismological  investigation, 

 .  world-shaking  earthquakes  in  rela- 
tion to  volcanic  eruptions  in  the  West 
Indies, 

•Mimicry  and  natural  selection,  discus- 
sion on,  (i<<  1 . 

M INCH  IN  (Trof.)  on  the  leaching  of 
elementary  mathematics,  473. 

,  a  new  receiver  for  Hertzian  oscilla- 
tions, ujLL 

,  the  neglect  of  En^diah  jjnrammar, 

ML 

MineraUoccurring  in  Ireland,  preliminary 

list  of  the,  by  IL  J.  Seymour,  iii>>L 
♦MiNOT  (Prof.  C.  SJ  on  the  significance 

of  the  embryonic  cell,  ImS^ 
MoNCKTOX  (Horace  W.)  on  the  valleys  at 

the  head  of  the   Hardanger  Fjord, 

Norway,  Mi. 
 a  summary  of  the  principal  changes 

in  South-east  Englaml  during  Pliocene 

and  more  recent  timu.s,  iillL 
Monkey,  the  relative  effecU  of  section 

of  the  pyramidal  tracts  and  anterior  j 

cohimns  in  the,  Prof.  E.  A.  Schiifer  , 

on,  iHii. 

MOBUAN  (Dr.  G.  T.)  on  our  present  i 
kmivledgo  of  aromatic  diazo-compounds, 
181. 

MoRiaoN  (Prof.  T.),  the  instability  of 
prices  in  India  before  18(il,  lilL 

Morphology  of  .sporangial  integuments, 
W.  C.  Worsdell  on  the,  hLL 

Morphology  of  the  araucariea;,  Miss  S.  0. 
Ford  on  the,  MiL 

Morphology  of  the  flowers  in  certain 
species  of  Lonicera^  E.  A.  N.  Arber  on 
the,  ' 


Morpbologj  of  the  seed  and  seedlin;^  of 
Torreya,  Prof.  F.  W.  Oliver  and  Miss  £. 
Chick  on  the,  ML 

MoURlBON  (Walter)  on  the  moremrnts  nf 
underground  waters  of  Aortk-n-est 
Yorkshire.  221. 

♦MOBTOX  (Prof.  W.  B.)  and  W.  Haw- 
Tiious.  motion  of  a  detached  thread  of 
liquid  in  a  capillary  tube,  oLL 

♦  and  A.  M.  Kinskv  on  continnous 

motion  produced  by  vibrations,  uLL 

♦  and  T.  B.  Vixycomb  on  the  vibra- 
tions of  a  plucked  string,  511. 

•Motion  of  a  detached  thread  of  liquid 
in  a  capillary  tube,  by  Prof.  W.  B. 
Morton  and  W.  Hawthorn,  51 1. 

♦Motion  through  the  ether,  does  it  cunse 
double  refraction  by  Lord  Rayleigh, 
51fL 

MoTT  (Dr.  F.  W.)  and  Prof.  W.  D.  Ualli- 
BL'BTox,  regeneration  of  nerves,  782. 

♦MuiB  (T.)  on  a  practical  rule  for  findiog 
the  perimeter  of  an  ellipse,  520. 

MuiRHBAD(Dr.  A.)  on  practical  elrcirical 
standards, 

Municipal  policy  and  State  control,  by 

P.  Ashley.  liKL 
Munlciijal  trading,  by  Hon.  R.  P.  Porter, 

GiiiL 

MuxRO  (Dr.  U.)  on  the  age  of  stone  circles^ 

♦MuBi'iir  (Uev.  Father),  int<;rmediatc 

education  in  Ireland,  846. 
MUBBAY  (Sir  John)  on  meteorological  oh- 

serrations  on  Ben  JVevis,  lii 
 on  investigations  in  the  laboreUory 

of  the  Marine  Biological  Assfxriation  »f 

the  West  of  Scotland  at  Millport,  211. 
Myers  (Dr.  C.  S.)  on  anthropometric' 

investigations  among  the  notice  troops 

of  the  Egyptian  army^  350. 
  dependence  of  pitch  of  minute 

closed  pipes  on  wind  pressure,  5H7. 
♦  on  a  method  of  radial  craniometry, 

m 

♦   determination  of  the  least  per- 
ceptible tone-difference  among  the 
people  of  the  Torres  Straits  and  of 
Scotland,  781. 

MYRE8  (J.  L.)  on  tfie  collection  of  anthro- 
polifgical  photographs,  44'.t. 
^  on  the  Jhman  fort  at  Gellygaer,  4^ 

• — —  on  the  Silciiester  excavation,  i5iL 

 on  explorations  at  Knossos  in  Crete, 


♦Xagas,the  ethnography  of  the,  Dr.  W.Hi 

Fumess  on,  770. 
Nalder  (F.  WX  light  aluminium  tubes, 

Ttrt  1  ■ 

Naples  Zoological  Station^  report  on  the 
occupation  of  a  table  at  the,  259. 
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Katnre's  eoonomios,  hj  "Miss  IL  Black- 
bum,  ZQ&. 

*Nebula  sarroanding  Nova  Persei,  dis- 
cussion on  the,  52h 

Nerves,  repreneration  of,  by  Prof.  W.  D. 
HaUiburton  and  Dr.  F.  W.  Mott,  132, 

•Nervous  svstem  of  the  camel,  the,  by 
Dr.  W.  Page  May,  mL 

Neville  (F.       on  Hie  nature  of  alloy 
17.5. 

Newton  (Prof.  A.)  on  working  out  the 
drtaih  of  the  ohsrrrations  on  the  migra- 
tion of  birds,  2IiL 

  on  the  zoology  of  the  Sandneich 

Itland*,  284. 

Newtonian  potential,  Prof.  A.  C.  Dixon 
on  the,  62fL 

Nodular  concretions  (coal  balls)  in  the 
lower  coal  measures,  James  Lomax  on 
the  occurrence  of  the,  Hi  l- 

*North  Sea,  the  international  investiga- 
tion of  the,  by  W.  Garstang,  641. 

■  ■  ■    certain  objections  to,  by 

Dr.  D.  Noel  Paton,  64L 

*Nova  Persei,  the  nebula  surrounding, 
discussion  on,  hilL. 

•Nucleolus,  the  function  of  the,  by  H» 
Wager,  818. 

Observatories,  the  best  location  of,  expe- 
dition for  ascertaining,  by  P.  Lowell, 

Ocean  currenti,  material-bearing,  the 
direction  and  velocity  of,  with  de- 
scription of  an  apparatus  recently 
designed  for  estimatiog  the  same,  by 
R.  G.  Allanson-Winn,  737. 

Olduau  (R.  D.)  on  seUmological  inresti' 
gat  ion,  ^ 

•Oliver  (Prof.  F.  W.)  on  ancient  and 
modem  seeds,  813. 

—  and  Miss  E.  Chick  on  the  morpho- 
logy of  the  seed  and  seetlling  of 
Torreya,  SLL 

Onuphididae  (Polychaeta),  on  the  habits 
of  the,  and  on  the  internal  structures 
with  which  they  fortify  their  homes, 
by  A.  T.  Watson,  1152. 

O'Reilly  (P.  J.)  on  a  survival  of  certain 
pagan  sepulchral  symbols  on  early 
Christian  monuments  in  Ireland,  769. 

•Osborne  (Dr.  W.  A.),  the  pigments  of 
ox  bile,  IM, 

♦  and  S.  ZoBEL,  the  hydrolysis  of 

glycogen,  ML 

•Ox  bile,  the  pigments  of,  by  Dr.  W.  A. 
Osborae,  784. 

Pagan  sepulchral  symbols,  the  survival 
of,  on  early  Christian  monuments  in 
Ireland,  P.  J.  O'Reilly  on,  769. 

•Palajokastro  in  Eastern   Crete,  R,  C. 
Bosanquet  on  excavations  at,  770. 
1902. 


PaLeolitbio  flint  implements,  a  recent  find 
of,  at  Knowlo,  Wiltshire,  W.  and  Dr. 
W.  A.  Cannington  on,  153^ 

PaliGolithic  implements  in  plateau 
gravels  of  Ipswich,  a  recent  discovery 
of.  Miss  N.  F.  Layard  on,  759. 
I  Papuan  Gulf,  the  initiation  ceremonies 
of  the  natives  of  the,  by  Rev.  J.  IL 
Holmes,  mL 

•Paralysis  of  convergence,  a  case  of,  by 
Dr.  Cyril  Shaw,  m. 

Parietal  bone  in  primates,  the  connection 
of  the  anterior  inferior  angle  of  the, 
by  Prof.  R.  J.  Anderson.  filiL 

•Parsons  (Hon.  C.  A.),  steam  turbines, 
'  mL 

I  Paton  (Dr.  D.  No61),  certain  objections 
to  the  proposed  scheme  of  interna- 
tional  investigations  of  the  North  Sea, 
641 

Patterson  (J.  Hume)  on  the  cause  of 

salmon  disease,  647. 
Patterson  (Sir  R.  Lloyd),  a  sketch  of 

the  linen  industry  of  Ireland,  701. 
Peach  (B.  N.)  on  life-tones  in  t/ie  British 

carboniferous  rocks, 
•Pearl  oyster  banks  of  the  Gulf  of 

Manaar,  I*rof.  W.  A.  Herdman  on  his 

work  on  the,  di^ 
•Peary,  Lieut.,  with,  in  Greenland,  by 

Pro'f .  W.  Libbey,  687. 
Peat-bogs  of  Ireland,  the,  by  Prof.  T. 

Johnson,  684. 
PendUttide  limestones,  a  list  of  the  fish 

fauna  of  tlus,  by  E.  D.  Wellburn,  222, 
Penhallow  (Prof.  D.  P.)  on  an  ethiuh- 

logical  surrey  of  Canada,  :{53. 
Perforated  stone  amulets,  F.  T.  Elworthy 

on,  IliL 

•Perimeter  of  an  ellipse,  a  practical  rule 

for  finding  the,  T.  Muir  on,  529. 
Ferkin  (Prof.  W.  H^  on  statistics  «m- 
cerning  the  trainxng  of  chemists  em' 
\      ployed  in  English  ckemioal  industries, 
\  ilL 

:  Ferry  (Prof.  J.)  on  practical  electrical 
I      standards,  M. 

I  on  seismological  investigation,  fiiL 

I  — —  on  the  teaching  of  elementary  nuUhC' 
\  matics,  113  ;  suggested  schedule  of  SX' 
I      per  'imental  geometry,  47i». 

  Address  to  the  Section  of  Engi- 

I      nccring  by,  711. 

♦         a  note  on  gas-engine  explosions, 

737. 

Persia,  Southern,  the  geography  of,  as 
affecting  its  history,   Major  P.  1^1. 
Kykes  on,  677. 
I  Petavel  (J.  E.),  some  experiments  on 
I      radiation  and  absorption:  a  prclimi- 
j      nary  study  for  a  standard  of  light,  5M4. 
Petavel's  recording  gauge  applied  to 
ordnance  and  small  arms,  by  Capt.  J. 
Bruce-Kingsmill,  538. 
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Petra.  by  Prof.  W.  Libbcy,  G&L  } 
I'ETRIE  (Prof.  Flinders)  on  the  collection 

of  anthropological  pJwUtgrapht,  449. 
Phloroglucinol  and  mme  of  it»  derira- 

tiren,  the   ahforptwn  itpectra   of,  by 

Proff.    W.   N.    HaHley   and  J.  J. 

Dohhie  and  A.  Lavder,  iiii. 
Pliotmjraphs  of  anthropological  intfrett, 

interim  report  on  the  collertion  of,  449. 
l^hotttyraphs  of  geoUnfical  interest,  thir- 

tecnth  report  on  the  colUctimi  of,  22IL 
Physical  and  Mathematical  Science,  Ad-  . 

dress  by  I'rof.  J,  Purser  to  the  Section 

of.  liML  I 
Physics  of  the  flow  of  fluids  in  plant  i 

stems,  sonae  in<juir}'  into  the,  by  Prof. 

R.  J.  Anderson,  81 7. 
Physiology,  Address  by  Prof.  W.  D.  | 

Halliburton  to  the  Section  of,  771. 
pigmentation  aurrey  of  the  school  children  \ 

of  Scotland,  report  on  a,  'MlL 
Pigmentation  survey  of  school  children 

in  Ireland,  a  plea  for  a,  by  J.  F. 

Tocher,  fifiS. 
Pilot  whale  {(rUthiocephcdns  melns).  Prof. 

It.  J.  Anderson  on  a  specimen  of  the, 

nso. 

Pitch  of  minute  closed  pipes,  dependence 

of,  on  wind  pressure,  by  Dr.  C.  S. 

Myers,  C37. 
•Pituitary  extracts,  the  diuretic  action 

of,  Prof.  E.  A.  Rchiifer  on,  mL 
Plankton  of  the  Indian  Ocean,  L  C. 

Thompson  on  the.  fi43. 
Plants^  the  respiratiim  of,  report  on,  47*/. 
Plateau  objects  from  the  interglacial 

gravels  of  Ireland,  W.  J.  Knowles  on, 

Plummer  (  W.  E.  )<m  $ei*vwh>gical  inretti- 
gatiim,  filL 

Pluperfect  numbers,  Lt.-Col.  A.  Cunning- 
ham on,  &2iL 

PlynutHth,the  marine  biological  labora- 
tory at,  report  on  the  occvpation  of  a 
table  at,  2UL 

It-nitroso-phenol,  q%tinone,  and  similarly 
derived  substances,  the  curves  of  mole- 
cular ribrations  of,  report  on,  107. 

Podostcniacero,  the  dorsiventrality  of  the, 
with  reference  to  current  views  on 
evolution,  J.  C.  Willis  on,  HM^ 

Point-groups,  the  theory  of,  report  on,  81. 

*Polygordiu8  and  Eupomatus,  early  de- 
velopment of  the  head-kidney  in, 
C.  Shearer  on,  Gfil. 

Pope  (W.  J.)  on  itomorphons  svlphonie 
dcrivatires  of  benzene,  180 

Population  of  England  and  Wales  during 
the  eighteenth  century,  the,  by  Prof. 
K.  C.  K.  Conner,  706. 

Porter  (J.)  on  some  features  of  the 
fork  river-valleys,  fix 4. 

Porter  (Hon.  R.  P.),  municipal  trading,  I 
099.  I 


Post-glacial  deposits  of  the  Belfast  dis- 
trict, U.  Lloyd  Praeger  on  the,  <il  1. 

•PouLTON  (Prof.  E.  B.)  on  the  habits  of 
the  predaceous  flies  of  the  family  of 
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Devon. 

1887.  (Alison,  Gaonre  L.  C.  Dundee. 

1885.  I  Allan,  David.   West  Cults,  near  Aberdeen. 
1871.  t  Allan,  G.,  M.Inst,O.E.    10  Austin  Friars,  E.O. 

1901.  •  Allan,  Jumes  A.    Westertou,  Milngavie, 
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1871.  XAllwh,  Alprkd  H.,  F.O.S.    G7  Surrey-street,  Sheffield. 

1879.  •Allen,  Kev.  A.  J.  C.    13  Downing-grove,  Oambridge. 

1898.  §Allkn,  E.  J.  The  Laboratory,  Citadel  Hill,  Plymouth. 

188a  ti^'U^*  F.  J . ,  M. A.,  M J>.,  Pfeofeseor  of  Fhyaiology.  The  UniTernty, 

Birrainpham. 

1884.  t  Allen,  Rev.  Georg'e.    Shaw  Vicarage,  Oldham, 

1881.  i Allen,  Henry  A.,  F.G.S.  Geological  Museum,  Jermyn-street,  S.W. 
1887.  f  Alien,  John.  14  Park-ioad,  8t  A]me*»Km4ih0-Sea,  n  PresUm. 

1878.  jAllen,  John  Ronoillv.    28  Great  Ormond-stwet,  W.C. 
1889.  tAllhusen,  Alfred.    Low  Fell,  Gateshead. 
1896.  i Alaop,  J.  W.    16  Bidaton-road,  Oxton. 

1882.  ^Alverstone,  The  Rig:ht  Hon.  Lord,  G.O.M.O.,  LL.D.,  F.RS. 

Hornton  Ix>d^,  Horntoo-etreet,  Kensin^;! m,  S.W. 

1887.  JAhvard,  G.  L.    11  Ilamiltoii-strcft .  Grimsby,  York-sluro, 
1873.  t-'^niWer,  John.    North  Park-road,  Bradford,  Yorkshire. 

1891.  i Ambrose,  1).  R.    Care  of  Messrd.  J.  Evans  &  Co.,  Bute  Docks, 

Cum. 

1883.  §Amery,  John  Sparke.    Druid,  Asliburton,  Devon. 

1883.  §Amei  v,  Peter  Fabyan  Sparke.    Druid,  Ashburton,  Devon. 

1884.  ^AiU,  Hjbkbt,  M.A.,  D.Sc,  F.G.S.    Geological  Survey,  Ottawa, 

Oacada. 

1883.  tAndenon,  Miss  Constance.    17  Stonegate,  York. 

1885.  •Andtirson,  Tlrnu  Kerr.    Caius  College,  Cambrid^. 
19()l.  *  Anderson,  . I  mil  rs.    1  Marlborough-terrare,  Ghi.sgow. 
1674.  :tAnder8on,  John,  J.P.,  F.G.S.    Holywood,  Belfast. 

189S.  lAnderaon,  Joseph,  LL.D.  8  Gh«at  Kmg^treet,  Edmhmgh. 

1899.  *  Anderson,  Miss  Mary  K.    13  Napier^road,  Edinbur;^h* 

1888.  •Anderson,  R.  Bruce.    35a  Great  Georoe-street,  S.W. 

1887.  {Anderson,  Professor  R.  J.,  M.D.,  KL.S.    Queen's  College,  and 

Atlantie  Lodge,  Salthill,  Oalway. 

1889.  tAnderaon,  R.  Simpion.   Elswick  Collieries,  Newcastle-upon-Tyne. 

1880.  *A]iDERflON,  Tempest,  M.D.,  BbSc.,  F.G.&  (Local  Qec  1881). 

17  Stonegate,  Y^ork. 
1902.  •Anderson,  Thonia.s.    41  Clifton ville-road,  Belfast. 
1901.  *Andeiwm,  Dr.  W.  Carrick.   2  Floreatine-gardena,  Glasgow 
1901.  t  Anderson,  W.  F.  G.    47  Union-street,  Glasgow. 
1883.  t Andrew,  ThomAs,  F.G.S.    18  Southemhay,  Exeter. 

1895.  I  Andrews,  Charles  W.   British  Museum  (Natural  History),  S.W. 
1891.  tAndiewa,  Thomas.   16S  Newport-road,  Cardiff. 

1880.  ^Andrews,  Thornton,  M.Inst.C.jB.   Oefn  Eithen,  Swansea. 

1886.  §Andrew9,  William,  F.G.S.    Steeple  Croft,  Coventry. 

1883.  J Anelay,  Miss  M.  Mabel.    Girton  College,  ( 'arabridge. 

1877.  SAUGBLL,  JoHJ?,    F.C.S.,  F.I.C.     G    Beacous-tield,  Derby-road, 

Withington,  Mancbrater. 
l>iS(>.  t  Annan,  John,  J. P.    Whitmoie  Rean.s,  Wolverhampton 

1900.  ^Annandale,  Nelson.  23  Sali^»burv-i*oad,  Ore.^<*inirtnn  Park,  Liverpool. 

1896.  i^Annett,  R.  C.  F.    4  Buckingham-avenue,  Selton  Park,  Liverpool. 
1886.  lAnsell,  Joseph.  88  Waterloo-street,  Birmingham. 

1878.  t  Anson,  Frederick  H.    15  DeanVyard,  W^estmuuter,  S.W. 

1890.  §Antrobu8,  J.  Coutts.    Eaton  Hall,  Conxrlotun. 

1901.  ^Arakawa,    Minozi.   Japanese   Consulate,  84  Bi8hop6ffate<6treet 

Within,  E.C. 

1900.  §Arber,  E.  A.  N.,  B.A.   Trinity  College,  Cambridge. 
1898.  XArc?}rr,  G,  W.    11  All  Sainf^'-road,  Clifton,  Brutol. 
1894.  §  Archibald,  A.    The  Iknk  House,  Ventnor. 

1884.  •Archibald.  E.  Douglas.    32  Shaftesbury-avenue,  W. 

1888.  f  Aimistoad,  Bichaid.  Chambret  House,  Southport. 
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1883,  •Armist^^ad,  William.     flillcrest,  Oakeu,  WolverhampTnn. 

1873.  •Akmbtkoug,  IIjbxky  E.,  Ph.D.,  LL.D.,  F.RS.  (l^re*.  li,  1bo5; 

Pres.  U,  1908;  Ootmcil  188^  ),  Proteor  of  Obma^'m 
the  Oity  and  Guilds  of  London  Institute,  Central  Insticuma. 
Exhibition-road,  S.W.    6o  Granville-purk,  Lewisbun,  S.E. 

1889.  {AxiustroDg,  ThomHa  John.    14  Uawthorn-temiee,  Newcaitio  upm- 

Tjrne. 

1808.  }Amold-Bemro«e,  H.,  M.A.,  F.Q.&W   66  Fnmt-^§»i&,  H&thf. 

1901.  jArtbur,  Matthew.    7S  (^ucrn-street,  OIc  j  v. . 

1870.  •Ash,  Dr.  T.  Liiinin;.''t<)n.    Penrosfg,  Holsworthj,  North  Deron. 

1874.  |.A3he,  Isaac,  M.ii.    Dundrum,  Co.  Dublin. 

1880.  tAabky,  Howwd  M.   AiisdiOe,  Ferrybridge,  YotUtm, 

1887.  tAshton,  Thomas  Gair,  M.A.    :^C>  riiarlotte-etreet,  Mandieiter. 
*Anhwoj'th,  Edmrotd.    Ff/et-fon  Hall,  BoUon-ie^Motm, 

Ashworth,  Uenry.   Turtou,  near  Boltoo. 

1888.  *A8hworth,  J.  Jsdtsoa.   Haslen  Houae,  Handforth,  Cheshin^ 

1890.  tAshworth,  .1  Ueglnald,  B.Sc.    105  Freehold-street,  RoeUale. 
1887.  lAahworth,  John  WaUwork,  F.G.S.  Thonw  Buk,  Oestai  Moor, 

Stockport. 

1887.  ^.tVahworth,  Mrs.  J.  W.    Thome  Batik,  ileatou  Moor,  buxyfpon. 

1876.  'Aspland,  W.  GhwkelL  Taplins,  Newton  Abbot. 

18(51.  :Jyl*9uiYA,  J.  R.    Infirmary-street,  Leeds. 
1896.  •Assheton,  Richard.    Grantfhcstcr,  Cambridge. 
1896.  §Atkin,  George,  J.P.    Egerton  Park,  Rockferry. 

1887.  §  Atkinson,  IttT.  O.  Ohetwynd,  D.D.    lugestre,  Ashton-on-Mecsej. 

1884.  t  Atkinson,  Edward,  Ph.D.,  LL.D.  Brookline,  Massaduiaatti^  UJ&A. 
1898.  •Atkinson,  E.  Ciithbert.    St  John's  ColUv*',  OxfonL 

1894.  tAtkinsun,  (Jeorge  M.    28  St.  ()«waldVr«.ad,  S.W. 

1894.  •Atkinson,  Harold  W.    Boya"  1  lic^h  School,  Pretoria,  South  Africa. 

1881.  tAtldnson,  J.  T.  Tho  Quay,  Selhy,  Yorkdme. 

1881.  tA9KiKsox,    RoBBBT    WILLIAM,    F.O.S.   (Looal    See.  1891). 

41  Loudoun-square,  Cardiff. 
1894.  §  Atkinson,  William.    Erw'ood,  Beckenham,  Kent. 

1888.  ^AixnaLs,  J.,  M.A.,  Ph.D.,  F.R.S.,  F.C.8.   "Watfiwd,  HerU. 
1884.  tAnehinekMs,  W.  S.   Atlantic  Highlands,  New  Joi>,  v,  U.SJL 
1868.  •AtIBFRY,  Tho   Right  Hon.  Lord,  D.C.L.,  F.R.S'.  (PKKinEifT, 

1S81;  Trustff,  1872-    :  Pres.  D,  1872;  CouncU  1865-71). 
High  Elms,  Faruborough,  Kent. 
1001.  SATeling,  T.  C.  82  Bristol-al^eet,  Birminghem. 

1877.  •ATITOW,  W.  E.,  F.R,S.    (Pres.  A,  1898 ;  CouncQ  1889-96), 

Professor  of  Electrical  Engineerinp:  in  the  City  and  Guild<  o>f 
London  Institute,  Central  Institution,  Exhibition-road,  S.W. 
41  KflBfingtQn  Flark-fwdens,  W. 

1884.  IBaby,  The  Hon.  G.    Montreal,  Canada. 

1900.  jBACCUUS,  Raiisden  (Local  Sec.  1900).  15  Welbury -drive,  Bi^dlurd. 
1888.  *Bach,  Madame  Henri.   12  Rne  F4n61on,  Lyons. 

Backhouse,  Edmund.  Darlington. 
1868.  iBackhouse,  T.  W.    West  Hendon  Honf>*^,  Sunderland. 
1883.  •Backhouse,  W.  A.    St.  John's,  Wokingham,  li.S.0.,  Durham. 
1887.  *B«sott,  Thomas  Walter.  Bamaden  Hall,  Billeiicaj^  ^aes. 

1887.  t^addeley,  John.    1  Ohalrlotte-street,  Mancheater. 

1888.  iBaildon,'Dr.    42  Hoghton-Ptreet,  Southport. 

1892.  JBaildon,  H.  Bellyse.    Duncliffe,  Murrayfield,  Edinbureb. 
1888.  •Bailey,   Charles,  F.L.S.     Atheratone  House,      orth-driTe,  Sl 
Anna*frK>n-tbe-Sea,  Laneaahira. 
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Ibua.  §Bailet,  Colonel  F.,  Sec.  R.ScotG.S.,F.RQ.S.  7  Drummoud-place, 

Edinburgh. 

1870.  tBailev,  Dr.  Francis  J.    ol  Grove-stropt,  Liverpool. 

1887.  •Bailey,  G.  II.,  D.Sc,  Ph.D.    Maq>le  Cottugo,  Marple,  Cheahire. 
1890.  I  Bailey,  T.  Lewis.    FernhiU,  Formbv,  Lancashire. 
1666.  tBailey,  W.    Horseley  Fields  Ghenueal  Works,  WolverhamTtton. 
1894.  •Baily,  Fran<  i.^  (likson,  M..\.    11  Ramsay-garden,  Edinbuigb. 
1878.  I  Baily,  Waltek.    4  lioslyn-hill,  llampstead,  N.W. 

1886.  (BaiHi  Alexander,  M.A.,  LL.D.   Ferryhill  Lodge,  Aberdeen. 
1607.  $BAur»  JiiiiEs,  jun.  Toronto. 

1686.  jBain,  William  N.    ('ollin^jwood,  Pollokshields,  Glasgow. 

1682.  •Baker,  Sir  Benjamin,  K.C.B.,  K.C.M.G..  LL.D.,  D.Sc,  F.R.S., 

M.Inst.C.E.  (Pres.  G,  1886;  Council,  1889-96;.     2  Queen 

Square-place,  Westminster,  S.W. 

1880.  §Baker,  Hurry,  F.I.C.    Epworth  House,  Moughland-lane,  Runconi. 
1808.  jBaker,  Herbert  M.    Wallcroft,  Durdham  Park,  OlifloD,  Bristol. 
1898.  ^Baker,  lliatt  G.    Mary-le- Port-street,  Bristol. 

1691.  tBaker,  J.  W.  60  Stsoey-road,  Osidiff. 

1881.  tBaker,  Robert,  M JO.   The  Retreat,  York. 

1875.  i  Baker,  W.  Proctor.  Bristol, 

1881.  ^Baldwin,  Rev.  G.  W.  de  Courcy,  M.A.    VVarbhill  Vicarage,  York. 
1884.  tBalete,  Fmtosor  £.  Poljrtoebnic  School,  Montieal,  Oundft. 

1871.  tBalfour,  TIm  Right  Hon.  G.  W.,  M.P.  24  Addison-ioad,  Kon- 

sington,  W. 

1894.  ^Balfour,  IIenbt,  M.A.    11  Norham-gardens,  Gxford. 

1876.  IBalfour,  Isaac Batl»t,M.A.,1).Sc.,M.D.,  F.R  S.,F.R.S.RjF.L.S., 

(Pres.  D,  1894 ;  K,  1901),  Professor  of  Botany  in  the  Univer- 
sity of  Edinburgh.  Inverleith  House,  Kdinlmrgh. 

1883.  JBHlfour,  Mrs.  I.  Bayley.    Inverleith  Hou^f,  l-xlinburgh. 

1878.  "Ball,  Charles  Bent,  M.D.,  Regius  IVoleesor  of  Surgery  in  the 
University  of  Dublin.   24  Merrion-flquare,  Dublin. 

1666.  •Ball,  Sir  Robert  Stawei.t.,  LL.D..  F.R.S.,  F.R.A.S.  (Pn-s.  A, 
1887;  Council  1884  !H),  iMJ2  !•!  ;  I^al  Sec.  187-^),  Lowu- 
dean  Professor  of  Astronomy  and  Geometry  in  the  University 
of  Oanhridge.  The  Ohserratoiy,  Oamhridge. 

1883.  •Ball,  W.  W.  Rouse,  >LA.    Trinity  CJollege,  Cambridge. 

1880.  tBalkntyne,  J.  W.,  M.B.    24  Melville-street,  Edinburgh. 

1869.  ^Bamber,  Henry  E.,  F.C.S.    6  Westmioster-cbambBrs,  Victoria- 
street,  Westminster,  8.W. 
1890.  tRamford,  Professor  Han^,  B.Sc.   3  Albany^rset,  Glasgow. 
Ib5»9.  fBampton,  Mrs.    4'2  Marine-parade,  Dover. 

1882.  ^Bauce,  Colonel  Edward,  J.P.  Oak  Mount,  Higbtield,  Southampton. 
1896.  tBsnnerman,  W.  Bruce,  F.KG.S.,  F.G.S.  The  Lindens,  SydennanH 

road,  Croydon. 

1884.  tBarbeau,  E.  J.    Montreal,  Canada. 
1866.  IBarber,  John.   Long-row,  riottingham. 

1890.  *BtTber-StaTke7,  W.  J.  S.  Aldenham  PSfk,  Bridsnorth,  Salop. 
1801.  *  Barbour,  George.    Bolesworth  Osstle,  Tattenhall,  GlftSSter. 
1871.  tBarclay,  George.    17  Coates-cre.'*cent,  lOdiuburgh. 
1860.  •Barcky,  Robert.    Ilik'h  Lei^h,  ILxldesden,  Herts. 

1887.  'Barclay,  Robert.    Sedgley  New  Hall,  Pre»twich,  Manchester. 
1886.  JBarclav,  Tliomas.    17  Bull-etreet,  Birmingham. 

1902.  SBarcroft,  11.,  D.L.    The  Glen,  Newry,  Co.  Down. 
1902.  §Barcroft,  Joseph.    King's  College,  rambridge. 

1881.  IBarfoot,  William,  J.P.    Whelfoni-piace,  Leicester. 

1882.  iBarford,  J.  D.    Above  Bar,  Southampton. 
1666.  IBsrham,  F.  F.  Bank  of  Ongland,  Birmingham. 
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1890.  tB^ker,   Alfrod,  M.A.,  B.Sc.    Aske's  HatehAm  School,  New 

Croas  S.E. 

.^Jiark<  r,  John  11.   Ashley-r«\»'l.  Loujrliborojifrh. 
1662.  'liftrker,  Mi^  J.  M.    18  Clarfuiunt-place,  Newcastle-on-Tjne. 

1879.  'Barker,  Rer.  Pbilip  C,  M.A.,  LL.B.    Priddy  Vicarage,  W«ll», 

Somerset. 

1808.  §Bnrkt>r.  W.  U.    \m  lledlnnd-road.  Bristol. 

1680.  Itiarliiig,  triibert.    6o  Edmund-street,  Edgbaston,  Birmingham. 

1878.  tBarlow,  Crawford,  RA.,  M.In8t.0.E.    Deene,  Tooting  Bee-road, 

Strentham.  S-W. 

1880.  $Barlow,  II.  W.  L.,  M.A.,  ILB^  F.O.S.   The  Park  Uoepitai,  Hitker 

Greeo,  b.E. 

1883.  tBarlow,J.J.  48  ParMreet,  Soutbport. 

1878.  tBarlow,  John,  M.D.,  Profeesor  of  Fhjriologj  in  St.  Miuigo*a  Ool- 

lege,  Glasi.'ow. 

1883.  ^  Harlow,  John  II.    Greenthorne,  near  Bolton. 

1885.  *Barlow,  William,  F.6.S.   The  Red  House,  Great  Stanmore. 
1902.  {Barnard,  J.  E.   Jenner  Inttitnte  of  PkeventiTe  Medicine,  Cholaea- 

par(lr-ii«,  S, \V. 

1861.  •liarnani,  M.( j-T  U.  (  arv.  F.L.S.  Bartlow,  I^ckhampt on,  Cheltenham. 

1881.  ^liaruartJ,  W  illium,  LL.IJ.    iJ  New-court,  Lincoln's  Inn,  W.C 

1889.  tBamee,  J.  W.    Bank,  Durham. 

1868.  §B«me8,  Richard  H.  IL  ath'-rlunds  House,  rar]c>tone,  Dorset. 
181M).  ^l!ariies,  Kobrrt,    II  K ildar>  -trari.l»^n.>»,  Rayswater,  VV. 

1884.  iBamett,  J.D.    Port  Hope,  Outario,  Canada. 

1901.  tBamett^  P.  A.  Fietennaritsburg,  South  AfHoa. 
1899.  iBarnelt,  AV.  1).    41  Tlm«d needle-street,  K.C. 

1881.  t  IUkk,  .VuniiBAi-n,  D.Sc.,  M.Tust.C.E.    The  UniTersity,  Glasgow. 

1890.  ]iirtrr,  Frederick  II.    4  South-parade,  Leeds. 

1869.  tBarr,  lieut-GenenU.  Apsleytoun,  East  Orinttiad,  SuMes. 

1902.  'Barr,  Mark.    2o  Kensington  Oourt^gardene,  W. 

1891.  ^Barrel],  Frank  R..  M.A.»  ProfeMor  of  Mathematics  in  Uoivenitj 

Cuile^re,  Bristol. 
1868.  {Barrett,  Mrs.  J.  O.  Errismore,  Birkdale,  Southport 
1872.  •BAKBirrr,  W.  P.,  F.R.S.,  F.R.S.E.,  M.R.I.A.,  Aofessor  of  Phyries 

in  the  Royal  College  of  Science,  Dublin. 
1883.  IBarrett,  William  8cott.    Abbot^ate,  lluyton,  near  Liverpool. 
1899.  tBABBRT-HAiiiLTON,  Capt.  G.  E.  H.    Kilmarnock,  ArtnoTStown, 

Waterford,  Ireland. 
1887.  JRarrint:rton,  Miss  Amy.    Fa?«aroe,  Brav,  Co.  Wickhiw. 
1874,  *Babeikgxon,  R.  M.|  M.A.,  LL.B.,  ^.L.S.    Fassarue,  Bray,  Oo. 

1874.  •Bamnjrton-wird,  Mark  J.,  M.A.,  F.L     F.R.Q.8.,  H.M.  Inspector 

of  Sohooljj.    Thornt'lni'  Litlge,  \\'oreester. 

1885.  *Barron,  Fraderick  Cado^ain,  M.In«t.<J.K   Nenrion,  Beckenbam- 

grove,  Shortlanda,  Kent. 
1866.  tBanon,  William.  Elyaston  Nurseries,  Bonowasb,  Derby. 
1898.  *Babbow,  Qbobqb,  F.G.S.  Oeok)gical  Survey  Office,  28  Jecmyn- 

stnM>t,  S.W. 

1886.  :tB^ow,  George  William.    Baldraud,  Liucaster. 

1886.  tBirrow,  Richard  Bradbury.  Lawn  Honsei  18  AmpUm-nwd,  Edg<- 

baston,  ffirmingham. 

1806.  §Barrowman,  James.    Staneacre,  Hamilton,  N.B. 

1886.  tBarrows,  Joseph.   The  ruplant.  Yard  ley,  near  J^rminffham. 

1886.  tBarrows,  Joaeph,  jan.  Femdale,  Harbome-road,  Edgbaeton,  Bir- 
mingham. 

1858.  IBarbt,  Right  Rev.  Alfbed,  D.D.,  B.C.L.  The  Cloiaters,  Windsor. 
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Itm.  Iliarry,  Cbaries  E.    1  \'ictom-street,  S.W. 

1881.  fBsny,  J.  W.  Dttncombe-placo,  York. 

1884.  •Baretow,  Miss  Frances  A.    Qarmw  11  ill,  near  York. 

1800.  'l^nrstow,  J.  J.  Jackson.    The  Lodge,  Weston-super-M^te, 

189U.  'Jiargtow,  Mrs.    The  Lodge,  Weston-super-Mare. 

1892.  tBartholomew,  John  Geor^t .  F.R.S.E.,  F.R.G.S.    12  Blacket-plnte, 

Edinburgli. 

1868.  *BArtholumew,  William  Ilnmond,  M.Itist.O.£.    Radgeway  Uoufiey 

Cumberland-road,  Hyde  Park,  Leeds. 

1884.  ^Bartletti  James  Herbert.    148  Mansfield-street,  Montreal,  Canada. 

1873.  tB»Ttlej,  Si  r  G .  C.  T.y  K.O.B.,  H.P.   St.  Margaiet's  House,  Victoria- 
street,  S.AV. 

1802.  tHflrton,  Misj^.    4  filenorcliy-terr;ict%  Maylield,  Ediiibiirg-li. 

1893.  Jliarton,  Edwin  II.,  B.Sc.    University  College,  Nottingham. 
1884.  tBarton,  H.  M.    Foster-place,  Dublin. 

1862.  iBiirton,  James,  B.A.,  M.Inst.C.E.    Famdrep,  Dundalk. 

1899.  •linrton,  Miss  Ethel  S.    7  lirechin-place,  South  Konsinpton.  S.W. 

1892,  :( Barton,  William.   4  Glenorchy-terrace,  Maytield,  Edinburjrh. 

1887.  tBartrum.  John  S.   18  CHr-etfeet,  Batii. 

*Bashforui,  Rev.  Francis,  B.P.   Mintiitff  Vicanige,  near  Homcastle. 
1898.  jRiiHon,  Vernon  Millward.    7  Princess-buildings,  OUfton,  Bristol. 
1876.  liiassano,  Alexander.    12  Montagu-place,  W. 

1888.  *Ba80BT,  a.  R,  M.A.,  F.R.8.  Fl^borough  Hall,  Hoi vport,  Berkshire* 
1881.  IBaseett,  A.  B.   Ohevpn-11,  Llandaff. 

1886.  •Bassftt,  TTTryiiY.    20  Belitha-villns,  BamsburT,  N. 

1889.  tBASiABLB,  I'rofeasor  ('.  F.,  M.A.,  F.S.S.  (Pres.  F,  1894).   0  Tre- 

veljan-terrace,  Ilathcnir,  Co.  Dublin. 

1869.  tl^tild,  S.  S.    Summerland-place,  Exeter. 

1871.  iBASTiAif,  H.  CnARLTON,  M.A..  M.D.,  F.R.S.,  F.L.S.,  Emeritus  Pro- 

fessor of  the  Principles  and  Practice  of  Medicine  in  Uuiversity 
College,  London.    8a  Manchester-square,  W. 
1889.  tBatalha-Reis,  J.    Portuguese  Consulate,  N«'wcastlem|ion-Tvne. 

1888.  IBatemak,   Sir  A.  E.,  K.C.M.G.,   Contruller-General  Statistical 

Department.    Board  of  Trade,  7  Whitehall  Gardens,  S.W. 
1868.  tBateman,  Sir  F.,  M.D.,  LL.D.    Upper  St.  Giles's-street,  Norwich. 

1889.  t^^Ates,  0.  J.   Heddon,  Wvlam,  Northumberland. 

1884.  tBATEsoy,  William,  M.A.',  F.K.S.    St.  John's  Pollep^  Cambridge. 
1881.  •Bathi  i:,  I  j;anci8  Arthur.  M.A.,  D.Sc.,  F.G.B.   British  Mueeum 

(iSatural  History),  S.W. 
1868.  f BAinniiiAK,  H.,  F.G.8.  14  Gavendish-foad,  Bslham,  BJW. 
1807.  JBaxter,  Edward.    Hazel  Hall,  Dundee. 
1892.  tBayly,  F.  \V.    8  Royal  Mint,  E. 
1876.  'Bayly,  Robert.   Torr  Grove,  near  Plymouth. 
1876.  *Bat5BB,  Robkrt  E.,  M.A.  Ohrist  dhureh,  Oxford. 

1887.  'Baynes,  Mrs.  R.  E.    2  Norham-gardens,  Oxford. 

1883.  •Bazley,  Gfinhif^r  S.    Hatherop  Castle,  Fairford,  Gloucestershire. 

Bazley,  Sir  Tiiumos  Sebastian,  Bart.,  M.A.     Winterdyne,  Chine 
uresoent-road,  Bournemouth. 
1880.  tBeale,  C.   Oalle  ProgfesB  No.  88,  Rosario  de  Santa  F4,  Argen^o 
Republic. 

1886.  IBeale,  Charles  G.   Maple  Bank,  Edgbaston,  Birmingham. 
1880.  'BuiB,  LiOHSL  S.,  M.B.,  F.R.S.  61  Orosfonor^treet,  W. 

1884.  t^AQii^b,  G.    H.  M.  Prison,  Liverpool. 

1872.  \  Beanes,  Edward,  F.O.S.  Moatlands,  Paddock  Wood,  BrencUey,Kent. 
1883.  :t  Beard,  Mrs.  Oxford. 

1888.  SBbarb,  Prof.  T.  Hvnsoy,  B.Sc.,  F.R.S.E.,  M.lDst.C.E.  The  Uni- 

ferrity,  Edinburgh. 
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1842.  •Beatsou,  William.    2  Ash-naount,  liutherbam. 

1889.  tBeattie,  John.    5  Summerhill-fjrrove,  Newcastle-upon-Tyne. 
1902.  §B«attv,  H.  M.,  LL.D.    Ballvmena,  Co.  Antrim. 

1866.  'Beaufort,  W.2^nis,F.RJL8.,F.R.G.&,F.R.M.S.,F.SwS.  IdFice^ 

dillv,  W. 

1880.  JbeaugraudjM.  II.  MontreiL 

1900.  tBeAiiiuont,   Prof.    Roberts,   M.I.'Meeh.E.    YoAahsn  College, 

1861.  •IV'ntiinont,  Kov.  Thoma,«»  (teorpe.    Oakley  Lodpre,  I.eaniinpton. 
1887.  •Beaumt)ijt,  W.  J.    The  Laboratory,  Citadel  Hill,  I'ly mouth. 

1886.  *Bbaitmoiit,  W.  W.,  M  JDBt.O.E.  Outer  Temple,  222  Stnmd,  W.C. 

1890.  jBeazt  r,        Ilindley,  near  Wigan. 

1887.  •Beckett,  John  Hampden.    Corbar  Hall.  Buxton,  Derbyshire. 
1886.  IBbddakd,  huASK  F.K.S.,  F.Z.S.,  Prosector  to  the  Zoo- 
logical Society  of  London,  BeifenO  Park,  N.W. 

1870.  SBbddoe,  John,  M.D.,  F.R.S.  (Council,  1870-75).  The  ObtOktrj, 

Brii  d  f ord  -on-  A  v  on . 
1858.  §Bedford,  James.    Woodhoutie  Cliff,  near  Leeds, 

1880.  tBedford,  James  £.,  FX}.8.  Siiiraoak-road,  Leeds. 

1891.  §PH'dlin>jrtoD,  Richard.    Gadlys  House,  Abcrdare. 

I87a  ;BbI)80N,  p.  Phillips,  P.Sc.,  F.C.S.  (Local  Sec.  Iss9),  Professor  of 
Chemistry  in  the  College  of  Physical  Science,  Newcastle-upon- 
Tvne. 

1884.  IBeers,  \V.  G.,  M.D.    34  Beaver  Hall-terrace,  Montreal,  Canada. 

1873.  IBehrt^  iiH,  Jacob.  Springfield  House,  North->paiade,  Bradfoid,  York- 

shire. 

1901.  •Beilby,  George  T.    11  University-gardens,  Glatigow. 

1874.  iBelcher,  liichard  Boswell.    Blocklev,  Worcestershire. 

1891.  TWlinfante,  L.  L.,  M.Sc,  Assi.si.-Sec.  G.S.    I?iirlinj:ton  Uouse,  W. 

1892.  tBell,  A  Beatiion.    1 7  Lansduwne-i'rescent,  Ldinburgh. 

1871.  tBell,  Charles  B.    0  Spring-bank,  Hull. 
1884.  i Bell,  Charles  Napier.    Winnipeg,  Canada. 

1804.  IBhll,  F.  Jefkbbt.  M.A.,  F.Z.3.    35  Cambridge-etieet.  Hyde 

Park,  W. 

Bell,  Frederick  John,    ^\'uodiuuds,  neai"  Maldon,  Essex. 
1860.  tBELL,  Rev.  Georob  Ohabus,  M.A.  Marlborough  OoUege,  Wilts. 
1900.  'B  ll,  n   ^^'llkill.son.    Holmehurst,  llawd^n.  near  Lee<ls. 
1802.  •Bkll,  Su  J>aac  LowrniAN.  Bart..  LL.D.,  F.K.S.,  F.C.S.,  MJnst.O.£. 

(Pre;*.  B,  1889).    Kouuton  Grange,  Northallerton. 
1876.  tBsLL,  JAMn,  0.&,  D.Sc.,  Ph.D.,  F.R.8.    62  Ciomwell-TCad, 

Hove,  Brijrhton. 

189(5.  |Bell,  James.    Care  of  the  Liverpool  Steam  Tug  Co.,  Limited, 

Chapel-chambers,  28  Chapel-street,  Liverpool. 
1871.  *Bvj.,  J.  Gabtbb,  P.C.S.  BankfieM,  The  Cliff,  Higher  Bioivhton, 

Manchester. 

18^^;3.  MV'll,  John  Henry.    100  Leyland-road,  Southport. 

1804.  ;Bell,  11.    Queen^s  OoUege,  Kingston,  Canada. 

1888.  *Bell,  Walter  George,  M.A.   Tnnity  Hall,  Cambridge. 

1898.  tBELPER,  The  Right  Hon.  Lord,  LL.M.  Kingston,  Nottinghamshire. 

1884.  i  Bern  rose,  .ToM^})h.    15  Plateau-street,  Montreal,  Canada. 

1885.  IBknham,  VV  iLUAM  Blaxlajtd,  D.Sc.,  F^feasor  of  Biology  in  the 

TJiUTefsity  of  Otago,  New  Zealand. 
1891.  t Bennett,  Alfred  Jtoslinff.    44  Manor  Vark-road,  Hmieiim,  N.W, 
mw.  iBennftt,  George  W.    West  Ridire,  Oxton,  Cheshire. 

1881.  JBeimett,  John  Uyan.  .3  Upper  lielgrave-road,  Clifton,  Bristol. 
1888.  *Bennett,  Laurence  Henry.  The  Elms,  Paignton,  South  Devon. 
1801.  fBennett,  Peter.  6  KelTinhaugh-etveel,  Sandvford,  Glasgow. 
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1801).  Illenuett,  Richard.    19  Brunswirk-atreet,  Liverpool. 
18dl.  {Beauett,  Rev.  S.  H.,  M.A.   bt.  Mary  s  Vicarage,  Bishopdhiil  Junior, 
York. 

1889.  tBenson,  John  G.    12  Grey-8treet,  Newcastle-upoii  Tyne. 
1901.  *Beiuon,  MLss  MAigaret*  J.,  DjSg.    Koyal  Hollowaj  College, 
Kgliaiu. 

1887.  'Benson,  Mrs.  W.  J    Care  of  W.  J.  Beaeon,  Ebc^.,  Standaid  Bank, 

JoliRnnetiburg,  Transvaal. 

I  '^ni,  IBenson,  William.    Fourstones  Court .  Xowcnstle-upon-Tyne. 
lei;»8.  *Bont,  Mrs.  Theodore,    l-"^  Great  Cuinbtnland-phure,  W. 
l66i.  IJientham,  William.    724  Sherbrooke-atreet,  Montreal,  Canada. 

1807.  }Bentlv,  R.  R.  97  Dowling-avenue,  Toronto,  Canada. 

1896.  *Bergin,  William,  M  A.,  Piofeeaor  of  Natural  Phikioophf  in  Queen*» 
CoUeg-e,  Cork. 

1901.  IHergins,  \Valter  L.   8  Marlborough-terrace,  Glasgow. 

1884.  {Berkeley,  The  Riffht  Hon.  the  Earl  of,  F.O.S.  Fozeomlie,  BoanhiU, 

near  Abingdon. 
tB.-rklev,  ( '.    Marloy  Hill,  Gateshead,  Durham. 
InsG.  J  Bernard,  W.  Lei^'^li.    Cal^j^ary,  Canada. 

1808.  §Berrid^e,  Miw  ('.  E.    Dunton  Lodge,  The  Knowle,  Beckeuham, 

Kent. 

1894.  CT5.  rrid-r,  Doii^jla.s,  >r.A.,  T.C.S.    The  Colleire,  Malvern. 
1862.  ti^siLM,  W  II  LI  AM  U£SiiX,  MA.,  D,i^,,  F.R.S.  St.  John's  College, 
Cambridge. 

1889.  *Beaeainer,  Henry.  Moorlands,  Bitterne,  8outhain]»ton. 

1800.  IBeat,  William  Woodham.   31  Lvddon-terrace,  I^eeds. 

1880.  *Bevan,  Rev.  James  Ouybr,  M.A.,  F.8.A.,  F.Q.S.  Chillendea 

Rectory,  Dover. 

1885.  IBeveridge,  R.   Beath  ViUa,  Ferry  hill,  Aberdeen. 

1884.  'Beyerley,  Michael,  M.D.   64  Piinoe  of  Wale^-road.  Norwiefa. 
1870.  \Iiick"rton,  A.  Jf.    Xeir/anfl-terrac/>,  Qife-tt'tt-road,  BatterSM,  8,W, 

1888.  'Bidder,  Gef)r-e  Parker.    Savile  Club,  Piccadilly,  W. 

1S86.  *BiDWBLL,  SiiEUfOKi),  Sc.D.,  LL.B.,  F.R.S.    Riverstone  Lodge, 

Southfields,  Wandsworth,  Surrey,  S.W. 
1882.  SBigp*.  C.  11.  W.,  F.(^S.    Glebe  T^go,  Champion  HiU,  S.E. 
1^9"^.  5 BilHi)<rt on,  Charles.    Studleii^li.  Lonfrporr,  Statrordshire. 
1001.    Bilsland,  William,  J.P.    28  Tark-circus,  Glasgow. 

1886.  t  BindloBs,  G.  F.   Carnforth,  Brondesbury  Park,  N.W. 

1887.  •Bindloss,  James  B.    Elm  13ank,  Eccle.s,  MaiK  lu  .Hter. 

1884.  'Bingham,  Lieut.-Cok>nel  John  £.,  J.r.   West  Lea,  Raamoor, 

Sh.-tlield. 

1881.  JBiNMi:,  6ir  Ale.vandek  R.,  M.lnst.C.K.,  F.G.S.  (Pres.  G,  1000). 

77  Ladbroke-groTe,  W. 
1873.  IBinns,  J.  Arthur.  31  Manor-row,  Manningham,  Bradford,  Yorkahiio. 
1900.  ^Bird,  F.  J.    Norton  House,  Midnomer  Norton,  Bath. 

1880.  ^Bird,  Henry,  F.C.S.     South  Down    llouae,    Millbrook,  ueur 

Beronport. 

1888.  •Birloy,  Mi>s  Caroline.  14  Brunswick-gardens,  Kensington,  W. 

1887.  •Birley,  H.  K.    Ho.opital,  Chorley.  Lanca^shire. 

1894.  JBisset,  James,  F.U.S.lv    0  Greenli ill-park,  Ediubuigh. 
1886.  jBiflsett,  J.  P.    Wyndem,  Banchory,  N.B. 

1888.  *Bixliy,  Major  W.  II.   £ngineer*a  Offioe,  Jones  Building,  Detroit, 

5l!c'lii<,nin.  T'.S.A. 
1001.  tP'liK^k,  Jolui  Albert.    Lagarie-row,  Helensburph,  N.B. 

1889.  iuiack,  W.    1  Lovaine-place,  Newcastle-upon-Tyne. 

1881.  ;BUck,  Surgeon-Major  William  Gait,  F.ILC.S.E.  CkledonianUidted 

Sarrice  01ttV,'Edmbiiigh. 
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1901 .  §  Black,  W.  P.  M.   186  Wellington-Btreet,  Qlugow. 

1876.  tBlackburn,  Hugh,  M.A.  Ro«hven,  Fort  WiUiam,  N.B. 
1884,  jl^larkburn,  IloDort.  New  Fxiin burgh,  Ontario,  Canada. 
liX)0.  tBlackburn,  W.  Owen,      Mount  Royd,  Bradford. 

1877.  iBlackie,  J.  Alexander.  17  8teii]iope^«tnet,  Qfaaniw. 

1866.  *BLA0KOm  W.  G.,  Ph.D.,  F.R.G.8.  (Local  See.  l§76).  1  Bdhaw. 

tt'rrare,  Kflvinside,  Glasgow. 
1884.  tBlacklock,  Frederick  W.    26  8t.  Famille-street,  Montreal,  Caoadft. 
1896.  XBIackttx)odf  J.  M.    16  Oil-^reet,  Licerpaoi. 

1886.  tBIailde,  Jolm,  F.L.S.    Tiie  Bridge  Houw,  Newcastle,  SteiEBid> 

shire. 

1806.  tBlaikin,  W.  B.    G  lielgrave-crescont,  Kdinbuigh. 

1883.  i Blair,  Mrs.    Oakshaw,  Paisley. 

1882.  J  Blair,  Alexander.    35  M  <  )rnv. place,  Edinboi^h. 
1802.  tBlair,  John.    9  Ettrick-roHti,  Edinburgh. 

188.3.  •Blakb,  Rev.  J.  F.,  M..\.,  F.Q  S.    :)5  Harlesd.-n-trardena,  N.W. 

1902.  §BIake,  Robert  F.,  F.I.C.    m  Malone  avenue,  Belfast. 

1801.  }Bi.4KMiLBT,  Thomas  H.,         H.Iost.O.E.  Royal  Navel  College, 

Greenwich,  S.E. 
1894.  JBlakiston,  !*ev.  (\  1).    Exv.'irk  Vicai'age,  E.xeter. 

1900.  *Blamire8,  Joseph.    Bradley  Lodge,  H  udderstield. 

1881.  tBIamiree,  Thooiea  H.  Olose  HiU,  Loekwood,  near  Huddenfield. 
180.5.  t  Blamirea,  William.    Oak  House.  Taylor  Hill,  Huddersfield. 

1884.  •Blandy,  William  Charles,  M.A.    1  Friar-street,  Reading. 

1869.  IBlakforj},  W.  T.,  LL.D.,  F.R.S.,  F.G.S.,  F.R.G.i>.  (I're*.  C, 

1884;  Oouneil  1886-91).  72  Bedrord^mrdens,  Oempden 
HiU,  W. 

1887.  *Bles,  A.  J.  S.   Palm  Housd,  Park-lane,  Higher  Broaghton,  Man- 

chester. 

1887.  *Blee,  Edward  J.,  B.8e.  The  Uniyeraitj,  Glaagow. 

1887.  tBles,  Marcus  8.    The  Beeches,  Broughton  Park,  Manckarter. 
18«4.  •Blihh,  William  G.    Nile?,  Michigan,  U.S.A. 

1902.  §Blount,  Bertram.   2  Broadway,  Weatminster,  S.W. 

1888.  tBloxsom,  Martin,  B.A.,  Aaioe.M.butO.B.    Haaelwood,  Crumpsall 

1870.  JBlundell,  Thomas  Weld.*    Inc.-  Blundell  Hall,  GzeatOloebj. 

Blyth,  B.  Hall.    136  Oe<.>rge-rtireet,  Edinburgh. 

1886.  IBltth,  James,  M..\.,  F.R.S.E.,  Profesaor  of  Natural  Philosophy  in 

Anderson'8  T'ollege,  Glasgow. 

1867.  •Blyth-Martiu,  W.  Y.    Blnh  House,  Newport,  Fife. 

1887.  tBlythe,  William  S.    66  Mosley-street .  Manehe-'t^T. 

1901.  ^BLvroBwooD,  The  Right  Hon.  Lord,  LL.l).    Jiivthswood,  Ren- 

frew, 

1870.  tBo*urdman,  Edward.    <  >iik  House,  Eaton,  Norwich. 

1387.  •Boddirifrton,  Henry.    Pownall  Hall,  Wilraslow,  >ran('hpster. 

1900.  JBoDiNGTOK,  I'rincipal  N.,  M.A.    Yorkshire  College,  Leeds. 

1889.  tBodmer,  G.  R.,  AeM>cM.Iii8t.0.E.  68  Yietorie-etreet,  aW. 
1884.  TBody,  Rev.  C.  W.  E,,  M.A.   Trinity  College,  Toronto,  Canada. 
1900.  §Boileau,  Major  A.  C.  T.,  K.A.   Royal  Artillery  InatitutioD,  Wool- 
wich. 

1887.  *Boiflfleyiun,  Gideon  Marie.  4  Teeaeliokade-straet,  Ametocdein. 

1898.  §I»oi.T<iN,  H.    The  Museum,  QueenVroad,  Bristol. 
1894.  §Bolton,  John.     15  nift^.n-rond,  Crouch  End,  N. 
1898.  i Bolton,  J.  W.    iiaidwm-street,  Bristol. 

1888.  SBoHAB,  J.,  M»A.,  LL.D.  (Pres.  F,  1896;  CmincQ  1889- 

1  Redington-road,  Hampatead,  N.W. 
1888.  tBonney,  Frederic,  F.R.G.S.  Colton  Houee,  Rugeley,  StaflSndahim. 
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1871.  •BoMKBT,  Rev.  Thomas  George,  D.Sc.,  LL.D.,  F.R.S.,  F.S.A., 
F.aS.  (SsoRVTABYp  1881-85 ;  Pw».  C,  1886).  23  Denningw 
road,  Uampstf'ad,  N.W. 

1888.  1  Bonn,  William.  Coventry. 

1803.  t1^>ot,  Je88e.    Carlyle  Iloiuse,  18  Burns- street,  Nottin^'liam. 
1800.  'Booth,  Charles,' D.Sc,  F.II.S.,  F.S.S.    54  Great  Cumberland- 
place,  W. 

1883.  tR<ioth,  James.    Hazflhur.st,  Turton. 

18s3.  lBo(  th,  lUchard.    4  Stoue-biiilding:^,  Lincoln's  Inn,  W.C. 
1876.  iliooth,  Rev.  Waiiam  11.  Mount  Nod-road,  Streatham,  S.W. 
1888.  tBoothroyd,  Benjamin.   SolihuU,  Birmingham. 
1001.  *Bootbroyd,  Herbert  £.    Sidney  SiMsex  OoUege,  Oimlwidge. 

1900.  jBoTchffrevink,  C  E.    l^indtield,  Sussex. 

1876.  •Borland,  William.    2G0  West  George-street,  (ila-sgow. 

1882.  SBorns,  Henry,  Ph.D.,  F.O.S.     19  Alexandra-road,  Wimbledon, 

Surrey. 

1901.  tBorrf^'^aile,  L.  A.    Sehvyn  Coll.  gts  (^'ambridg-e. 

1876.  *BoaAirQU£T,  R.  H.  M.,  M.A.,  F.R.S.,  FJLA.S.    CaatUlo  Zamon, 

Realejo-Alto,  Teneriffe. 
1806.  tBose,  Plroftcaor  J.  0.,  C.I.B.,  M.A.,  D.Sc.  CVilcutta,  India. 

•Boaaey,  Francis,  M.D.   Mayfield,  Oxford-road,  Rodhill,  Surrey. 
1881.  SBOTBAHLET,  Charles  H.,  F.l.C,  F.C.S.,  Director  of  Technical 

Instniction,  Somerset  County  Education  Committee.  Hunt 

Knoll,  Weston-super-Mare. 
1887.  tBott,  Dr.   Owens  College,  Manchester. 
1872.  tBottle,  Alexander.    4  Godwvne-road,  Dnver. 
1868.  JBottle,  J.  T.    28  Xelsou-roaj,  Great  Yarmouth. 

1887.  ^Bottomley,  James,  D.tSc,  B.A.   220  Lower  Broughton-road,  Man- 

cheafcer. 

1871.  •BomoMLET,  James  Thomson,  M.A.,  D.Sc.;  F.R.S.,  F.R.SJI,  F.0.8. 
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1884.  tBrodie,Wil]iaiii,H.D.  64LaflMrette-ftTeDiie^1)eteoit,MidugaD,U.S.A. 
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Hi  11  head,  Glasgow. 
1883.  'Brodie-Uall,  Miss  W.  L.    5  DevouBbirt^jtlace,  Eastbourne. 
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1665.  iBrown,  Colin.   192  Hope>stieet,  Glasgow. 

1871.  tBrown,  David.  Willowhrae  Honse,  Midlothiaii. 
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1887.  iFoKiuaiX,  iho  lUght  Hon.  bir  John,  G.C.M.G.,  F.ii.G.6.,  F.G.S. 

Perth,  Weateni  Auatrelie. 
1802.  SForster,  M.  O..  Ph.D.    Roval  College  of  Science,  S.W. 

1888.  IFORSYTH,  A,  R.,  M.A.,  D.Sc,  F.R.8.  (Pres.  A,  1807),  Sadlerian 

Proiessor  of  I'ure  Mathematics  in  the  Uui varsity  of  Cambridge. 
TrinHr  Oollege,  Cambridge. 

1900.  I  Forsyth,  D.    Central  Higher  Grade  School,  Leeds. 

1881.  fFort.Geoige  H.    Lakefield,  ODtario,  Canada. 

1877.  iFoRTEscuE,  The  Rig-lit  Flon.  the  Earl.    Ca.stl*'  Hill,  North  Devon. 
1896.  jFoRWooD,  Sir  William  B.,  J  .1*.    liumleh,  Blundellgands,  Liverpool. 
1876.  tFoeter,  A.  Le  Neve.  61  Cadogan-aquare,  S.W. 

1866.  tFoi^ter,  Sir  B.  Walter,  M.D.,  M.P.    10  Temple-row,  Birraingham. 

1866.  •Foster,  Clement  Le  Neve,  B.A.,  D.Sc,  F  R.S.,  F.G.S.,Profe8aor  of 

Miuing  in  the  Royal  College  of  Science,  Loudon. 
1888.  tFoeter,  Mn.  G.  Le  Neve. 

1867.  *FosnB,  QaoxoB  Caret,  B.A.,  LL.D.,  D.Sc.,  F.R.S.  (General 

TREAauRER,  is!»s-    ;  Pres,  A,  1877?  Cktniwil  1871-76,1877- 

82).    Ljidvwalk,  KirkiiiHriRwortli. 
1896.  :t Foster,  Miss  iWriet.  C am bnUge  Training  College,  Wollaston-road, 
Oamhndfre. 

1860.  •Foster,  Sir  Michael,  K.C.B.,  M.P.,  M.A.,  M  D  ,  LL.D.,  D.C.L., 
Sec.R.S.,  F.L.S.  (Pkesidbnt,  1899;  Gen.  Sec.  1872-76; 
Pres.  1, 1897;  Council,  1871-72),  Professor  of  Physiology  in  the 
University  of  Oamhridge.  Great  Sbelfoid,  CSambridga. 

1901.  {Foster,  T.  Gregory,  Ph.D.   Usiveiaity  Ck>U«ge,  W.O.;  and  Clifton. 

Northwood,  Middlesex. 
1896.  jFowke.-^,  F.    Hawksbead,  Ambleside. 

1866.  iFowler,  George,  M.Inst,C.E.,  F.G.S.  iiaalurd  Hall,  near  Nottingham. 

1868.  }Fowler,  G.  G.  Gunton  Hall,  Lowestoft,  Suffolk. 


1608.  (Fowler^  Miaa  Jeaaie  A.  4  &  6  Imperial-holldings,  Lndgate-^iieiis, 

E.C. 

1901.  ^Fowlis,  William.   46  John-street,  Gla^sfi^ow. 

1888.  *Fox,  Charles.  The  Ohestnuta,  Warlingham-on-4lie-Hin,  Snncrp. 

1888.  fFox,  Sir   Charles  Douglas,   M.Iust.O.E.   (Pres.   O,  1886). 

28  Victoria-street,  Wefltminater,  S.W. 
1896.  tFox,  Henry  J.    Bank's  Dale,  Bromb<jrough,  near  Liverpool. 
1888.  tFox,  Howard,  F.G.S.    Rosehill,  Falmouth. 
1847.  *Fox,  Joseph  Hoyland.   The  Clive,  Wellington,  Someraet. 
IIXX).  *Fox,  Thomas.    Pyles  Thome  House,  A\'t  l]iii'^1(ni,  Somerset. 
1881.  'Fo-XWELL,  Herbert  S.,  M.A.,  F.S.S.  (Council  lb94-97),  Profensor  of 

Political  Economy  in  University  College,  London.    St.  John's 

College,  Camhiidge. 
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Tavof 

Election. 

1888.  |f rain,  Joeaph^  M.D.   Gtoavenor.plaoey  Jesmond,  NewcMtle-ifoi- 

Tjne. 

Vmamco, Wikuam,  Fh.D.,  F.L.S.,  F.O.S.,  F.RA^.  Red  Iiao«MBt, 

flMt-ttmety  E.C  :  and  Manor  IIoum,  Kichmood,  Surrey. 

1887.  •Fbat^kt.anp.  PrRrv  F.,  Ph.D.,  IVSc,  F.U.S.  (Pre.'*.  P.  19dl>,  Pro- 

tt'ijjsorol  Uhemistry  in  thf  llniveraity  of  BirmingbaoL. 
1894.  I  Franklin,  Mrs.  K.  L.    50  i'orcbe6ter-terrace,  V»'. 
1806.  fFraMTy  Akunder.   68  Chuicb-«treet,  InveroflM. 

1888.  *Ft9L»eT,  Alexander,  M.P..,  Prufetsor  of  Anatomj  ia  the  Bojil 

College  of  Surgeons,  Dublin. 

1885.  ^FaASEii,  AxQV»,  M.A.,  M.D.,  F.C.S.  (Wal  Sec.   1865).  232 

TJoiOD~fltxerffc.  ^ibecdeeii. 
18C5.  •Fkaskr,  John,  M.A.,  M.D..  F.G.S.    Chapel  A*h,  WolTerha-  ,  v 
1871.  tFBASBR,  Sir  TnoM.\s  P,.,  M.D.,  F.P.S.,  F.U.S.E.,  Profes.^,  .r  of  M*wria 

Medica  and  Clinical  Medicine  in  the  UniYersitj  of  luliuburgk. 

13  Dnimsheugh-gardens,  Edinburgh. 
1871.  IFisnr,  Evan  L.  K.   BranswicIC'teiTace,  Spring  Benk,  HnlL 
1884.  'Raz^r,  Per-sifor,  M.A.,  D.Sc.  (Univ.  de  Fnnoe).    Boom  10I2» 

Droxel  Building,  Philadelphia,  U.S.A. 
1884.  •Fjuum,  W.,  LL.D.,  B.Sc.,  F.L.S.,  F.G.S.,  F.S.S.    The  Vineij, 

DowDtoB,  SalisMiT. 
1877.  fFreeman,  Prancia  Ford.   Abbotsfield,  Tavistock,  Soatb  Devon 
1884.  •Fbemantlk.  Tlie  Hon.  Sir  (\  W..  K  O  B.  iFna.F,  I8W;  Cooncfl 

1897-    ).    4  JiOwer  Sloaue-slreel,  S.W  . 

1886.  IFbbbhfikli),  DorGL.%8  W.,  F.R.O.8.    I  Airlie-gardena,  Campden 

Hill.  W. 

11K)1.  CFrew,  William,  Ph.D.    11  Ilillhead-street.  Glasgow. 

18^7.      ries,  Harold  H.,  Ph.D.    H2  Iltiade-street,  New  York.  U.S.A. 

1887.  \Froehlichf  The  {Javaltere.    Oroivenor'terrace^    H  ithingtoH^  Mam- 


1802.  •Frost,  Edmund,  M.B.    Chesterfield,  Mead«,  Ea.stboume. 
1882.  §FroM,  Kdward  P.,  J.P.  W  rat  ting  Hall,  Otaabridgeifciie. 

1887.  •Frost,  Kobert,  B.Sc.   53  \  ictoria-road,  W. 
1880.  IFry,  Edwaid  W.   Cannon-street,  Dover. 

1806.  jFBT.The  Right  Hon.  Sir  Edward,  D.C.L.,  LL.D.,  FJLS.,  FAA. 

Failaud  House,  Failand,  near  Bristol. 
1808  \Vry,  Francis  J.    Leigh  Woods.  Cliftwi,  Bristol. 
1875.  *Fry,  Joaeph  Storra.    17  Upper  Belgrave-road,  Clifton,  BrietoL 
1808.  tl^'ryer,  Alfred  Q.,  Pb.D.  18  Eaton-creeeent,  OlifUrn,  BrietoL 
1884.  tFryer,  Joseph.  J.P.    Smelt  House,  Ilowden-le-Weer,  Co.  Durham. 
1806.  iFiTLLAUTON,  Df.  J.  II.   Fiahery  Board  for  Scotland.  Qeorge  aUeel, 

Edinbui^h. 

187S.  *FU]er,  Ber.  A.  7  Svdenham-hOI,  STdeDham,  S.E. 
1860.  tFuuaE,FBlDBaoK,M.A.(lx>calSec!l850).  0  Pahtce-roadySniUlOB. 
1860.  (FviLBR,  G.,  M.Inst.O.£.  (Local  Sec  1874).  71 

Kensintrtou.  W. 
1884.  jFuller,  William.  M.B.  Osweetry. 
1801.  X^*^  AnOrtw.  28  P^l^aee,  Cardif, 


1887.  |Gaddum,  G.  11.    Adria  House,  Toy-lane,  Withington,  JVIanche^er. 
1868.  'GMnrfoid,  W.  D.   Skendlebv  Hall,  Spih^br. 
1896.  jGair,H.  W.    21  Water-street,  Liverpool.* 

1860.  IGairpnkr.  Sir  W.  T  .  lv.C.B.,  MJD.,  LL.D.,  FJCS.   38  Qeoqge- 

i^quare,  l']dinburrrh. 
1876.  XQsle,  James  M.  'Mi  Miller-etieet,  Giasguw. 
1886  *Ga]lainiy,  Alexander.   Diigarve,  Abeiiiddy,  K3. 
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Year  o! 

Blectiou. 

1861.  (Gallowtiy,  Charles  John.   Kiiott  Mill  lion  Worka,  M&Dchester. 
1889.  tOtiHowaY,  Walter.    Sriiton  Bank%  Gatadmd. 

1876.  {Gallowat,  W.  Cardiff. 

1887.  *QaUoway,  W.  J.,  MJP.  Tiie  Ck>ttag«,  Seymom^gfove^  Old  Traffoid, 

Manchester. 

1899.  SOalton,  Lady  Douglas,   liimbleton  Manor,  Droitwich. 

186a  *QAX90ir,  Fbahcu,  M.A.,  D.G.L.,  D.Se.,  F.R.S.,  F.R.G.S.  (Qbn. 

Sec.  1863-68  ;  Pres.  E,  1862,  187-2  ;  Pros.  H,  1886;  Coiincil 
1860-63).    42  Rutland-gate,  Knigh (abridge,  S.W. 

1860.  (Qalioh,  Johh  C,  M.A.,  F.L.S.  Isew  Uuiyerditj  Club,  St. 
JtmeaWtreet,  8.W. 

1870.  $Gamble,  Lieiit.^olonel  Sir  D.,  Bart.,  C.B.  St.  Helena,  Lancashixe. 

1889.  iGamble,  David.    Ratonagb,  Colwyn  Bay. 

1870.  ^Gamble,  J.  0.    St.  Helens,  Lancashire. 

1888.  *Oamble,  J.  Stkbs,  C.I.F:.,  M.A.,  F.R  S.,  F.L.S.    Highfield,  Eaat 

Lias,  Hunts. 

1877.  JGamblf'.  \\'ini;iiii.    St.  Helens,  Lancashire. 

1868.  tGAMGKE,  Arthur,  M.D..  F.R.S.  (Pres.  D,  1882 ;  CouncU  1888-90). 

5  Avenue  du  Kursaal,  Montreux,  Switzerland. 
1899.  *Gaieke,  £.  IMtton  Houce,  in«r  Maidenhead. 

1898.  §Garde,  Rer.  C.  L.    Skenfnth  Vic  arage,  near  Monmouth. 

VKK).  §Gardiner,  .T.  Stanley,  M.A.    Dunstall,  Newton-road,  Cambridge. 
1887.  IUardinkb,  Walter,  M.A.,  F.R.S.    46  Hilla-road,  Cambridge. 
1882.  ^Gardner,  H.  Dent,  F.RG.S.   Fairmead,  46  Tbe  Goffs,  Eaathoone. 
1806.  ^Gardner,  James.   The  GroTes,  OraMendale,  LiverpooL 
1894.  Xdaiulnpr^  J.  Addyvian.    5  Daih-place,  OxforfJ. 
1882.  .|Qaudxer,  John  Stark ik.    21)  Alb^Tt  ]  jn})aiikment,  S.E. 
1884.  iGarman,  Samuel.   Cam brid^,  Mu.sMacliust.'tt.s,  U.S.A. 
1887.  *€ktfiiett,  Jeremiah.    Tbe  unnge,  Bromley  Cross,  near  Bolton, 
Lancashire. 

1882.  (Garnett,   William,  D.O.L.     London  Ootuitj  Council.  Spring- 

gardens,  S.  W. 

1878.  iGamham,  John.  Hazelwood,  Creecent-road,  St.  John's,  Broddey, 

Kent,  S.E. 

1883.  {Oabson,  J.  f I.,  M.D.  (Asbibtabt  QBinBaL  Sbobbtabt.)  U  Stmt- 

ford-place,  W. 

1894.  •Garstaho,  Walibb,  M.A.,  F.Z.S.  Marine  liiological  LabDratory, 
Plymooth. 

1874.  *G«ntin,  John  Ribton,  M.A.,  LL.B.,  M.B.I.A.,  F.aA.  Bragana- 

town,  Castlebellingham,  Ireland. 
1882.  ^Garton,  WUliam.    Woolston,  Southampton. 

1899.  tOarrie,  Jamee.   Bolton's  Park,  Potter'e  Bar. 

1889.  fOABWooD,  Fh>fe8sor  E.  J.,  H.A.,  F.Q.S.  TTniTenity  GoOege, 

Gower-.street,  W.C. 
1870.  jGftflkell,  Holbrook.   Woolton  Wood,  Liverpool. 

1870.  •Gaskell,  Holbrook,  juu.  Bridge  House,  Seiton  Park,  Liverpool. 
1896.  *Qasmxll,  Waltb  Holbbook,  BLA.»  BLD.»  LL.D.,  F.B.S.  (Prea.  I, 

1806 :  CouneQ  1898-1901).  The  Uplanda,  Gmat  Shelford,  near 
Cambridge. 

1896.  IGatehouse,  Charles.   Westwood,  Noctorum,  Birkenhead. 
1809.  ^Gathr,  Charles  Henry,  M.A.,  LL.D.,  F.R.S.E.,  F.L.S.,  F.Q.S.  Fel- 
oridge  Place,  East  Grinstead,  Sussex. 

1890.  jGaunt,  Sir  Edwin,    (.'arlton  I^odge,  Leeds. 

1876.  t^f^^^'Vj  J.    Hnllydale,  Hampton  Wick,  Middlesex. 
1892.  :(Geddes,  George  ll.    8  Douglas-crescent,  Edinburgh. 

1871.  iOeddea,  John.  9  MeWOle-erasoent,  Edinhuigh. 

1886.  \^mm,  Ptofemnr  Paxbiok.  Ramaay-garden,  Edinhuigh. 
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1887.  iGee,  W.  W.  HaUtae.   Owens  College,  Manchester. 

1887.  tQ«nnB,  Sir  Archibald,  LL.D.,  D.Sc.,  F.RS.,  F.It5.E.,  F.G^. 

(Presidbnt,  1892;  Pres.C.  1««7, 1871, 1899;  CotiDcil  18«h81j. 

10  Cbe»ter-lerrace,  RegentVp&rk,  N.W. 
1871.  tOmiB,  James,  LL.D.,  D.C.L.,  If.R.a,  F.R.S.E.,  F.G.a  (PklC, 

1880;  Pres.  E,  1892),  Murchisoa  Profefet-or  of  nfol<»gj  ar: 

Mineralogy  in  the  University  uf  Edinbnigh.  Kilmorie,  CoLmtoD- 

road,  I'Aiinbun^h. 

1806.  §Gemmill,  James      M.A.,  ILB.   16  DugttTel-«Teaiifi,  DaaAnek, 

Glasgow. 

1885.  *Qx>f.st:,  n.  \V  ,  M.  A.,  l^roteor  of  Mathsmaties  in  UniTcntj  Oai- 

!•>:»■,  Aberystwyth. 

1876.  *George,  Itev.  Hereford  Brooke,  M.A.,  F.RG.S.  HoljweD  Lodlga. 
Oxford. 

1802.  *Qe]  p,  Ar  t    y.  M  A  ,  F.US.  firitish  Museum  (Ntttwal  HkMiiy), 

0«»m\\ ell-road,  S.W. 
1885.  iGerard,  Kobert.    Blair-Devenick,  Culta,  Aberdeen. 
1884.  *Gernui8,  Henry  T.,  M.A.  20  8l  John-street,  Oxford. 
1884.  IQibb,  ChnrU  s.'  A bboUfoid, Quebec,  Canada. 
1866.  \r;ibb{n.'<,  WilUrim.    Battery  Wnrhs,  Diffbeth,  Birmu^kami, 
1902.  §Gib6on,  Andrew.    14  Ciiftonville-avenue,  Belfast. 
1874.  JGibson,  The  Right  Hon.  Edward,  K.C.   23  FitzwOHam-eqnars, 

Dublin. 

1883.  IQibson,  1  niti (  i>  Maitlund.  Care  of  Professor  Gibsoii,  20  Qtatg^ 

nqniire,  Edinburgh. 

1901.  §Gibj&ou,  Prufeit6or  George  A.,  M.A.    18^  Ueufrew-«treet,  Glasgow. 

1870.  ^Gibson,  Qsonrs  Alexsnder,  M.D.»  D.Sc,  P.RJ3.E.  8  Dnuntheofrk- 

gardens,  Edinburgh. 

1892.  J0ibf<on.  Janit-s.    20  Oeorge-MUftre,  F^inburgh. 

1884.  ^Gibson J  Kev.  James  J.    183  Spadiua-a venue,  Toronto,  Caziada. 
1898.  tGiBiOir,  R.  J.  Habvbt,  M.A.,  F.R,S.E.,  Profeawr  of  Botany,  Uni- 

VLi  ^ity  College,  Liverpool. 
1889.  •Gibson,  T.  G.    Lesburv  House.  Lesburv,  U,S.O..  Northombsiiaild. 

1893.  jGibson,  Walcot.  F.G.S.    28  Jeruivn-etreet,  S.W. 

1887.  'GiFFJiN.  Sir  Kobkrt,  K.Cli.,  LL.D.,  F.R,S..  V.P.S.S.  (Pres.  F, 

1887, 1901).  Ghanetonbury,  Haywardli  Heatk. 
1808.  •Qifford,  J.  WiUiam.    Oaklands,  Chard. 
1884.  JGilbcrt  E.  E.   245  81.  Antoine-street,  Montreal,  Oanada. 

1888.  fGilbert,  Lady.    Uarpeoden,  near  St.  Albana. 

1807.  tGtlbert,  J.  T„  MJLJ.A.  ViUa  Nots,  Bhdaock,  DuUin. 
1884.  •Gilbert,  Philip  H.    63  Tttppei^«treet,  Montreal,  Canada. 

1895.  tCtilohrist,  J.  D.  F.    Carvnnon,  Anstrutber,  Scofland. 

1886.  •Gilchrist,  PKKrv  C.,F.U.S.,M.lnst.C.E.  Frognal  Baiik, Irlncbley- 

road,  liamptitead,  N.W. 
1878.  tGiles,  Oliver.   Brynteg,  The  Cnseent,  Brommre. 

1871.  ^QlLL,  Sir  David,  E.G.B.,  LL.D.,  F.R.a,  F.R.AJB.    Boyal  (Hk 

servatory,  Cape  Town. 

1902.  §Gill,  James  F.    72  Strand-road,  Bootle,  LiverpooL 

1884.  fGUlman,  Horny.  180  Lafiiyotte-aTeirae,  Detnnt,  lllchigan,  Ui$.A. 

1896.  jOilmour,  H.  B.    Underlea,  Aigburth,  Liverp(iol. 

1882.  *Gihnour,  Matthew  A.&,F.ZS.  SaffimnhaU  House,  WindmUUood, 

Hamilton,  N.R. 
1867.  JGilroy,  liobert.    Craigie,  by  Dundee. 

1888.  *Oimix^ham,  Edward.   1  dnnbourno-maiisunis,  Cianboomo-stnet, 

1800.  SGiiiaburg',  Benedict  W.,  M.A.,  LLJ).    Hojal  8utisti4sal  Soqs^» 

9  Adelphi-terrace,  W.C. 
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Year  of 

KJ«CtfOD. 

1867.  {.GiNSBUBe,  liev.  C.  D.,  D.C.L.,  IiL.1).  Hdmlea,  Virginia  Water 
Stiliiniy  Ohertsey. 

1884.  tGirdwood,  Dr.  G.  P.   28  Beaver  Ilall-tenaee,  Montroal,  Canada. 
1886.  *Qiabocoe,  Hartley,  M  Caii  S  C  E.    CangM»  Lodge,  LvljamiUi, 

Vancouver  Island,  Canada. 
I860.  *GladstODe,  George,  F.R.G.8.    34  Denmark-villas,  Hove,  Brighton. 
1888.  *GIadatoae,  Miss.    17  Pembridge  square,  W. 
ISTL  •QLA.isnER,  J.  W.  L.,  M.A.,  D.Sc,  F.R.S.,  F.R.A.S.  (Piw.  A,18JX); 

Council  1878-86).    Trinity  College,  Cambridge. 
1901.  IGlaister,  Prolessor  Joiiu,  M.D.,  F.R.S.E.    18  Wuodside-place, 

Gltflgow. 

1897.  iGlashan,  J.  0.,  LL.D.    Ottawa,  Canada. 
1883.  iGlaason,  L.  T.    2  Roper-.stroet,  Ponrith. 

1881.  •Glazkbbook,  R.  T.,  M.A.,  D.Sc,  F.R.S.,  Director  of  the  National 
Physical  Laboratory  (Pres.  A,  1803;  Councill 800-94).  Bushy 
House,  TeddingtoD,  Middlesex. 

1881.  •Gleadow,  Frederic.    38  Ladbroko-grove,  W. 

1859.  [(Glennie,  J.  S.  Stuart,  M.A.  Verandah  Oottage,  Hftftlemere,  Surrey. 
1874.  IGlover,  George  T.   Corby,  Iloylake. 

Glover,  Thomaa.  134  Manehester-road,  Southport. 
1870.  IGlvon,  Thomaa  B,,  M.D.   62  Rjduey-street,  Liverpool. 
1872.  IGoDDARD,  Richard  (Local  Sec.  1873).    10  fiootb-atreet,  Brad- 
ford, Yorkshire. 
1809.  {Godfrey,  Ingram  F.   Brooke  House,  Ash,  Dover. 

1886.  t'io>llee^  Arthur.   The  Lea,  Harbome,  Birmiiigliam. 

1887.  JCtotlKo,  Francis.    8  Minsball-street,  Manchester. 

1878.  •G  .dl. J.  Lister.    Wake,-*  Colne  Place,  Essex. 

1880.  JGoDMA^v,  F.  Du  Cake,  D.C.U,  F.R.S.,  F.L.S.,  F.G.S.    10  Chandos- 

atreet,  Gavendiah-Bquare,  W. 

1883.  iGodson,  Dr.  Alfred.    Cheadle,  Cheshire. 

1862.  tGodwin,  John.    \\'Mod  IL)u.se,  Ro^trevor,  Belfast. 
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1881.  'Hill,  Rev.  Edwin,  M.A.    The  Bectoiy,  Oocftfield,  Bury  St 
Edmimds. 
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1806.  "lieech,  Lady.    Oak  Mount,  Tiraperiey,  Cheshire. 
1893.  *Lbw,  Ohamw  H.,  D.8e.  42  Lome-grove,  FaUowfleld,  MaBdieilflr. 
I88a  *Leee,  Lawrence  W.   Old  Ivy  Home,  Tettenhall,  W' olverhamploa 
1859.  tLees,  William,  M..\.    12  >Inming!nde-place,  Edinbaigh. 
1896.  iLees,  William.   10  Korlolk-street,  Mancheeter. 
^Leeae,  Joseph.  S  Lord-etreet  Weet,  Soothport 

1889.  *Lee.<>on,  John  Rudd,  M.D.,  O.M.,  F.L.8.,  F.Q.8.   Glifden  Hoaei^ 

TA\'ickenham,  Middle.«ex. 

1881.  JLk  Feuvrf.  J.  K.  (Local  See.  1882).    Southampton.  • 

1872.  JLbfevrb,  The  Uiglit  Hon.  G.  Shaw,  F.R.S.  (Prea.  F,  1879; 

Oonneil  1878-80).  18  Bijaoetoii-eqiiafe,  W. 
1869.  |Le  Orioe,  A.  J.  Trerafey  Fenteiioe. 
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1892.  ^LsHf  ELDT,  KoBEKT  A.    28  South  Moltou-street,  W. 

1868.  tlAiCEHnB,  The  Riffbt  Hon.  the  Eurl  of,  K.G.  HolUiam,  Norfolk. 
IS66.  tLsiOH,  The  liight  Hon.  Lord.    Stoneleigh  Abbev,  Kenilworlih. 
1891.  ]lj^igh,  W.  W.   Treharris,  K.S.O.,  GlamorganahiVe. 

1869.  i.ljeiiii,  Alexander.   Gleukiudie,  InTerkindie,  N.B. 

1889.  fLemok  James,  MJnBuC.K,F.G.8.  Lui8dowBeHoiise,Sovliluanpton. 
1867.  iLengy  Sir  John,  M.P.   'Advertaaer  OiBoe,  Dundee. 

J902.  §Lennox,  II.  N.    Kotjebank,  TTammersmilh,  W. 

1878.  JLennon,  lie\.  Frnncis.    The  College,  Maynooib,  Ireland. 
1887.  •Leon,  John  T.    Elmwood,  Grove-road,  Southaea. 

1871.  XhaoKMSDf  HvoH,  M.R.I.A.  84  Mount  Merrion-afeiiue,  Blaekroek, 
Co.  DuWin. 

1901.  §Leonarrl,  J.  H.    Paradise  House,  Stoke  NewingtOD^  N. 
1884.  ^Leaage,  Louie.   City  Hall,  Idontreai,  Canada. 

1890.  *Leeter,  Joseph  Henry.  Hoyal  Exchange,  Manehester. 

1883.  tLeater,  Thomas.    Fir  T5ank,  Penrith. 

iHsO.  \ Letcher,  JR.  J.    Lamdim^i^icrrncp,  WaHf-rs-road,  Swanfiea. 

1900.  §Letts,  Proft-s.«<or  E.  A.,  D.Sc.,  F.R.S.E.    Queen's  College,  Belfast, 
1804.  Il^eudesdorf,  Charles.    Pembroke  College,  Oxford. 

1896.  ILever,  W.  H.   Port  Sunlight,  Cheshire. 

1887.  •Levinstein,  Ivan.    Hawkesmoor,  Fallowfield,  Mancheiter. 

1890.  t^A^vy,  J.  IT.    1 1  Abbeville-road,  Clapham  Park,  S.W. 

1893.  'L£W£s,  ViviAX  B.,  F.O.S..  Professor  of  Oheniiatry  in  the  Kojal 

NaTal  College,  Greenwich,  aE. 

1879.  ILewin,  Colonel,  F.R.G.8.  Garden  Comer  Honse^  Chelsea  Emhaah- 

ment,  S.W. 

1870.  ILewib,  Alfred  Lionel.    04  Highbury-hill,  N. 

1891.  tLewis,  D.,  J.P.    44  I»ark-|>lace,  CardilY. 

1891.  §Lewi8,  Professor  D.  Morgan,  M.A.  University  College,  Aberystwyth. 

1899.  JLewifl,  Professor  E.  P.    University  of  California,  Berkeley,  U.S.A. 

1897.  tLewis,  Rev.  J  Pitt,  M.A.    Ko«sin  House,  Toronto,  Canada. 
1899.  I  Lewis,  Thomas.   9  Hubert-terrace,  Dover. 

1891.  tLewis,  W.   22  Dake-street,  Cardiff. 

1891.  fl^wis,  W.  Henrv.    Brvn  Ilhoa,  Llani^hen,  Cardiff. 

1884.  'Lewis,  Sir  VV.  T.',  Bart.*  Tiie  Mardy,  Aberdare. 
1878.  ^  Li ncolne,  William.    Elv,  Canibridgeslure. 

1901.  §  Lindsay,  Charles  C,  M.fnst.C.E.  217  West  George-street,  Glasgow. 

1871.  JLindsay,  Rev.  T.  M.,  M.A.,  D.D.  Free  Church  OoUege,  Glasjfow. 
1896.  §Lippincott,  R.  C.  Cann.   Over  Court,  Almondahiuy,  near  Bnatol* 

IfiaS.  tLLsle,  H.  Claud.  Nantwich. 

1896,  *Li8TEB,  The  Right  Hon.  Lord,  F.R.C.S.,  D.C.L.,  F.R.S.  (Prbbi- 
DBHT,  1896).   12  Fisrk-cresoent,  Pt>rtland-place,  W. 

1888.  ILISTIB,  J.  J.,  M.A.,  F.n.>5.    Levtonstone,  Essex,  N.E. 

1861.  •LiVBiNO,  G.  D.,  M.A.,  F.R.S. '(Pres.  B,  1882;  Council  ISRH-95: 
Local  Sfc.  1862),  Professor  of  Chemistry  in  the  University  of 
Cambridge.    Newnham,  Cambridge. 

1876.  •LiVEKsiDOB,  Abohibald,  M.A.,  F.R.S.,  F.O.S.,  F.O.S.,  F.R.G.8., 
Professor  of  Cbeniititry  in  the  University  of  Sydney,  N.S.W. 

1902.  §Llewellyn,  1-  vaii     Working  Men's  Institute  and  Hall,  Blaeuavon. 

1880.  tLLEWELYN,  Sir  John  T.  D.,  Bart.,  M.P.   Penllegare,  Swansea. 
1866.  4  Lloyd,  G.  R,  J.P.  Edghaston-grove,  KnnisghaiD. 

1886.  Ililoyd,  J.  Beniy.  Femdale,  Carpenter-roid,  Edgbaston^  Bir* 
mingham. 

1891.  •Lloyd,  li.  J.,  M.A.,  D.Litt.,  F.R.S.E    49a  Grove-street,  Liverpool. 
L886.  tliloyd,  Samuel.   Farm,  Sparkbrook,  Birmingham. 
1866.  Oitoyd,  Wilson,  F.R.G.8.  Park  Lane  Houae,  Woodgreon,  Wed- 
neahnry. 
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1897.  ^I^lojrd-Verney,  J.  II.    14  Hinde-atreet,  Manchester-aquaie,  W. 
1854.  *LoBLBT,  J.  LoGAV,  F.G.S.   City  of  London  College,  M€aMh,E£. 
1892.  fLocH,  C.  S.,  R.A.    15a  Buckin^rhiiiu-stivet,  W.O. 

"    1867.  'Ivocke,  John.    1  11  St.  ( )!af s-road,  Fulhum.  S  \V. 

1892.  ILfOckluirt,  iiobert  Arthur.    10  Polwartb-terracei  Edinbuigh. 

1898.  tLooKTiB,  Sir  J.  Nobmaw,  K.O.K,  F.R8.  (Pamtsmn-EsMa^ 

Council  1871-70,  1901  02).    16  Penywem-road,  S.W. 
1900.  ILockyer,  W.  J.  S.,  Ph.D.   16  PenTwom-RMd,  South  KBtimaglm, 
S.  \V . 

1886.  *LoD6E,  Alfiuso,  M.A.,  Professor  of  Pure  Mathematics  in  tlie  Bojtl 

Indtftn  OiTil  Engineeniig  OoUego,  Cooper's  HilL  EngfafiwM 

(trwn,  Surrt'v. 

1876.  *LoDuv.,  SirOLivKR  J.,  D.Sc.,  LL.D.,  F.U.S.  d'r^ja.  A,  I>;n  :  C.^andi 
i8Ul-97,  1899-  jL  Principal  of  the  Universitv  of  iiirmingham. 

1884.  *Lodge,  OfiTer  W.  F.   S36  Hagley.roMl,  Bbmingham. 
1 889.  1 1  >  jran,  William.    Langley  Park,  Durham. 

1896.  §Loma8,  J.,  F.G.S.        Mc^as-ffrove,  Birkenhead. 

1899.  §Loncq,  Emile.    6  Uue  dt;  la  Plaine,  Laou,  Aiane,  France. 

1902.  tLiOin>oifDKKBT,  the  Marquee  of,  K.Q.,  UJtl.  Lieuten&ot  of  ths  City 

of  Kelfiut.   Londonderry  House,  Psrk-Uuie,  W. 
1876.  tlx>njjr,  U.  A.    Brisbane,  Queensland. 
1883.  WilliBm.    Thelwall  Heys,  near  Warrington. 

1883.  tLoug,  Mrs.   Thelwall  Ueya,  near  Warrington. 

1888.  tLongfMiM.  Thelwall  Hoys,  near  Wsrrin^on. 
1860.  i  LougdiHi,  Frederick.    Osmaston-road,  Derby. 
1;>01.  J LKioge,  Francis  D.    The  Alders,  Marina,  Lowestoft. 

1698.  'Longfield,  Miss  Gertrude.    High  Halstow  Kectorv,  Rochester. 
190L  •Longstaff,  Frederick  V.,  F.R.G.S.    Clare  College/Camhridce. 
1876.  *LonMtaff,  Ge  or^re  Blundell,  ILA.,  lf.D.,  F.G.&,  F.aa 

Putnev  Ilcath,  S.W. 
1872.  •Lou^tatr,' Llewellyn  Woexi,  F.R.G.S.    Uidgelands  Wimhlodon. 
1881.  •  Longs talf,  Mrs,  LI.  VV*.    liidKelauds,  Wimbledon,  rfurrey. 

1889.  *Long8taff»  Tom  G.,  B.A.,  F.R.Het.8oe.   Ridgelandi,  WimUedoD, 

Surrey. 

188,3.  •Longton,  E.  J.,  M.D.    Brown  House,  Blawith,  na  Ulver>ton. 
1894.  J  Lord,  Edwin  C.  E.,  Ph.D.  247  Washington-street,  Brooklyn,  U.SJL 

1880.  tLord,  Sir  Riley.   76  Pilgrim-street,  Newcastle-upon-Tyne. 

1887.  tLovDON,  Jambs,  LL.D.,  Prsstdent  of  tJie  Umvenity  cf  Tonnto, 

Caniidft. 

1888.  •Loris,  D.  A..  F.G.S.    77  Shiriand-gardens,  W. 

1896.  §Luuis,  iieury,  M.A.,  Professor  of  Mining,  Durham  CoU^e  of  Scianoe, 

Neweasile-on-'^ns. 

1887.  •Love,  Professor  A.  E.H.,M. A., F.RS.  34  St.Mai)fttetVroad,OifaC 

1886.  •Love,  E.  F.  J.,  M.A.    The  University,  Melbourne,  Aii:*traUa. 

1876.  •Loye,  James,  F.RA.S.,  F.G.S.,  F.Z.S.    33  CUnricarde-gardens,  W. 

1868.  tLove,  James  Allen.   8  Eastbourne-road  West,  Southport, 

1875.  'Lovett,  W.  Jesse.    26  Bewlav-street,  York. 

1892.  §l.ovibond,  J.  W.    Salisbury,  Wiltshire. 

1889.  t  ^'"1'',  (Vnirlcs  IW    84  IVeatfumrjie-terracc,  Tr'. 

1885.  ^Lowdell,  Sydney  Poole.    Baldwin's  Hill,  East  Griustead,  Sussex. 

1891.  tl^wdon,  John.  St  Hilda's,  Barry,  Glamorgan. 

1886.  •Lowe,  Arthur  C.  W.   Gosfield  HaU,  Halstead,  Bsiex. 

1892.  tl^we,  D.  T.    H.  riot's  Hospital,  Mnburgh. 

1886.  •Lowe,  John  Laudor,  B.Sc.,M.In8t.C.E.  Strathavon,  Kedleston-nady 
Derby. 

1894.  JLowenthal,  Mi-s.*;  Xellie.    60  New  North-road,  Iluddersfield. 

1 88 1 .  X  Lubbock,  Arthur  Rolfe.    High  Elms,  FarnbofOOgli,  Kent 
1881.  tLubbock,  John  B.   14  Berkeley-street,  W. 
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1870.  J  Lubbock,  Montague,  M.D.    19  Grosvenor-street,  W, 

1880.  ILucM;  John.    1  CarltOD-terrace,  Low  Fell,  GhntoBhead. 
1901.  *Lucas,  Keith.    Greenhall,  Fort'>t  liow,  Sussex. 
1878.  ILuca-'^,  Joseph.    Tooting  Graveney,  S.W. 

18^9.  X  Lucklej,  George.   The  GrovOi  Jesmond,  Newcastle-upoU'TTne. 

1801.  ^LoeoTieh,  Oount  A.  The  Rise,  LUmdaff. 

1881.  JLuden,  C.  M.    4  Bootham-terrace,  York. 

1897.  tLumsden,  George  E.,  F.K.A.S.    57  film-avenue,  ToiODto,  Gaoads. 
1866.  'Lund,  Charles.    Ilkley,  Yorkshire. 

1873.  ^Lund,  Joseph.    Ilkley,  Yorkshire. 

1860.  *Luiidie,  Oomelios.   32  NewporlHroad,  Oardifll 

1802.  |Lunn,  Rob<  rt.    Geologieal  Swrrej  Of&M,  Sheriff  Court  Honae, 

Edinburgh. 

18dd,  ILunn,  William  Joseph,  M.D.   '2S  Charlotte-etreet,  HulL 
1888.  *Lupton,  Arnold,  H.jtnat.O.E.,  F.O.8.  d  De  Qrey-road,  Leeds. 

1874.  *LrpTON,  Simm,  M.A.  (Loeal  See.  1890).    102  PadkHrtraet, 

Grosvenor-square,  W. 
1900.  JLuPTON,  VViLUAM  C.  Bradford. 
1864.  *Lutley,  John.   Brockhampton  Park,  Woroester. 

1898.  §Luxaioore,  Dr.  C.  M.    Riding  CoUege,  Reading. 

1871.  ILyell,  Sir  Leonard,  Bart.,  F.G.S.    48  Entnn-place,  S.W. 

1899.  jLyle,  Professor  Thomas  R.    The  University,  Melbourne. 
1884.  |Lyman,  .\.  Clarence.   84  Victoria-street,  Montreal,  Canada. 

1884.  tlijman,  H.  H.  74  McTaTish-street,  Hoatreal,  Canada. 
1874.  ILyoam,  James.   Ballinaaloe,  Ireland. 

1885.  jLyon,  Ale.xander,  jun.  52  Onrden-place,  Aberdeen. 
1896.  tLyster,  A.  G.   Doclnrard,  Cobuig  Dock,  Liverpool. 

1862.  *Lttb,  F.  BlizwiLE^  M.A.,  F.O.S.   60  Finborough-road,  S.W. 


L868.  tMACALisTBR,  .\i.T^XANi)KR,  M.A.,  M.D.,  F.R.S.  (Pres.  H,  1892; 

Council,  1901  ),  Professor  of  Anatomj  in  the  Umversity  of 
Oamhridge.  Toniadale^  Osmhridge. 

[878.  tMAoALisTRByDovAiBy  M.A.,M.D.,KSe.  St  John's  OoUege,  Gam- 
bridge. 

1896.  X^<*^i9^>  -R-  ^  Gordon-9ireet,  W.C, 

1807.  IMcAIlister,  SamoeL  90  Wiloox-stnet,  Toronto,  Canada. 

1886.  SMacallitic,  Professor  A.  B.,  Ph.D.  (Local  See.  1807).    68  St. 

George-street,  Toronto,  Canada. 
.879.  §MacAndrow,  James  J.,  F.L.S.    Lukeslaiid,  Ivybridge,  South  Devon. 
,888.  iMacAndrew,  Mrs.  J.  J.    Lukealand,  Ivybridge,  Soutb  Devon. 
888.  §Mac Andrew,  WlUiam.  Westwood  House,  near  Ooleheater. 
868.  •M'Arthur,  Alexander.    79  Holland-park,  W. 
-896.  tMcArthur,  Charles.    Villa  Marina,  New  Brighton,  Cheshire. 
.884.  IMacarthur,  D.   Winnip^,  Canada. 
1806.  ^Maeaulay,  F.  S.,  M.A.  19  Dewhorst-rosd,  W. 
1896.  IHacBkide,  Professor  E.  W.,  M.A.  McGill  UniTersit^,  Hontnal, 

Canada. 

884.  iMcCabe,  T.,  Chief  Examiner  of  Patents.  Patent  Office,  Ottowa, 
Canada. 

1002.  *Maecall,  W.  T.,  M.Se.   Dalton  HaU,  Victoria  Park,  Manchester. 

886.  JMacCarthy,  Rev.  E.  F.  M.,  M.A.    9.3  Ilapley-road,  Birmingham. 
1687.  'McCarthy,  James.  Care  of  Sir  Shezston  fiauur,  Bart.,  18  Oavendish- 

road,  Regent's  Park,  N.W. 
864.  'McOsrthj,  J.  J.,  M.D.  88  WeUington-road,  Dublin. 
884.  iMcOauaUnd,  Orr.  Belfast. 

1801.  *McClean,  Frank,  M.A.,  LL.D.,  F.R.S.,  M.Inst.O.£.  Rusthall 
House,  Tuubridge  Wells. 
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1876  •M*Clella.nd,  A.  S.   4  Orown-^ardeus,  Dowanhul,  GUagow. 
1902.  §McCl0llMia,  J.  A.,  BLA.,  PiofeMor  of  PhjM  in  Vmnmatf  O*. 
lege,  Dublin. 

1868.  tM*CLiirrocK,  Admirnl  Sir  Fraxcis  L.,  K.C.B^  Fit5„ 

F.Ii.G.S.    United  Service  Club,  Pall  Mail,  W. 
1878.  *M*Comas,  Henry.  PemMka  Howe,  Psinbfoko-nMd,  DnUn. 
190l!  *BlBcOonkBy,  Alfred.    Jenner  Institittd  of  VtwentkwB  Mediriaf, 

Chelsea -gardens,  S.W. 
1901   f;Mi\H'ormac.  .T.M  .  M  D.    31  Victoria-place,  Belfast. 
1892!  •Mc(:owttn,Johu,M..\..  D.Sc.  HendenoD-stieet,  Bridge  of  AUau^XJB. 
1892!  tMcCrae,  George.   3  Dick-place,  Edinburgh. 
1901.  tMcCrae.  John,  Ph.D.    7  KirKL  e  -ardpus,  Glaagow. 
1800.  jMoDiarmid,  Jabez.    The  Kims,  tjtanmore,  Middlesex. 
1900   t ^^^acDonald,  J.  R.    3  Lincoln's  Inn-tieldfl,  W.C. 
1890.  *MacDonald,  Mrs.  J.  R,   8  Linooln't  Inn-fields,  W.C. 
1888.  tMcDonald,  John  Allen.    Hillsboi  o'  Houae,  Dol^. 
1884.  tMacDonald,  Kenneth.    Town  Hall,  Inverness. 
1884  •McDonald.  Sir  W.  C.    891  Sherbrooke-street,  Moutre&l,  Canada. 
1884!  t  MacDonnell,  Mrs.  F.  H.  1438  St.  Oetborine-etieet,  Montreal,  Caaeda. 

'  MaeDonneUyHerottles  H.  G.   2  K 11. hire-place,  Dublin. 
1884.  J^McDougall,  John.        St.  Frnnyois  Xavier-street,  Montreal.  Ctniii. 
I897!  jMcEw^n.  William  ('     9  South  Chrtrlotte-ntreet,  Edinbtircrh. 
1902!  jkacfadven,  AlUn,  M.D.,  B.Sc.     Jeuner  luutitut*?  of  i'rer^ntiTe 

Medidne,  Chelaee-gaideDa,  S.W. 
1881.  iMacfarlane,  Alexander,  D.Sc.,  F.R.S.E.,  Professor  of  Phywos  in  Aa 

University  of  Texas.    Au.stin,  Texaa,  U.S.  A. 
1886.  IMacfarlane,  .f   M.,  D.Sc.,  F.R.S.E.,  Professor  of  Biology  in  tae 

University  of  Pennaylvania,  Laaadowne,  Delawaie  Co.,  tan- 

aylyaida.  U.S.A. 

1807.  tMcFarl&ne,  Murray,  M  D.    -'12  Carlton-?treet,  Toronto,  Caned*. 
I879!  ^Macfarlano.  Walter,  jun.    12  I.vnedochiiescent,  Gla^w. 
1001'  tMacfee,  John.    Marguerite,  Blackhall,  Paisley. 
1867.  •M'Gavin,  Robert  BallumUa,  Dundee. 
1807.  t^It^^'a^^'-  Thomaa.    Queen's  Hotel,  Toronto,  Canada^ 
1888  tMacQeorge,  James.    7  St  onor- road,  Kensington,  W. 
1884.  t>racGillivraT,  Jaine.-^.    42  (Jathcart-street,  Montreal,  Canada.^ 
1884  iMacGoun,  Archibald,  jiui.,  B.A.,  B.O.L.    Dunaron,  - 

Montieal,  Canada. 
1884.  •MAcGREGOR,JAMT:Br,oRDny,  M.  A., D.Sc,  F.U.S.,F.R.S.E.^. 

of  Natural  Philosophy,  TLie  Univer&ity,  Edinburgh. 
1886.  tM'Uregor-Robertson,  J.,  il.A.,  M.B.   26  Buchanan-street,  Hillhead, 

Glasgow. 

lOOfi  «McIlrov.  Archibald.    Drnmcaim,  Deramore  Park,  Belfast. 

II&n',  •McInt6bh  W.  C.  M  D..  LL.D.,  F.R.S.,  F.R.S.E.,  F.L.S.  (Pres.  D, 
1886),  Profeiisor  of  Natural  History  in  the  University  of 
St.  Andrewi^.    9  Abbotsford-creaoent,  St.  Andiewa,  N.B. 

1884.  tMcIntyre,  John,  M  D.   Odiham,  Hanta. 

1883.  JMack,  Isaac  A.    Trinity-road,  Bootle. 

1884.  iMacKay,  A.  II  ,  B.Sc.  IJ^.D.,  Superintendent  of  Educatioo. 

Education  CHRce,  Halifax,  Nova  Scotia,  ('auada. 
1886.  §Mackay,  JoHir  Yvia,  M.D.,  Ptofeaaor  of  Anatomy  in  Univeni^ 

College,  Dundee. 
1807.  tMcKav,  T.  W.  G.,  M.D.    Osliawa,  Ontario,  Canada. 
169e!  •McKechnie,  Duncan.    Eccleston  Grange,  Preston. 
I873!  IMcivBNDRicK,  John  G.,  M.D.,  LL.D.,  F«R^,«  F.R5.K.  (Prw.  1» 

1901),  Profeaaor  of  Physiology  in  the  UmTeraitj  of  Gkigoir. 

3  BncUngham-tenaoe,  Qlaagow. 
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18^7.  iMcKeazie,  JoUu  J.    61  Madieon-a venue,  Toronto,  Canada. 
1884.  IMiioKeiisio,  Stephen,  M.D.    IS  Cavendish-square,  W. 

1884.  iMcKenxie,  Thomaa,  B.  A.    School  of  Science,  Toronto,  Canada. 
1901.  'Mackenzie,  Thomas  Brown.    Eleoslee,  Wilson-etreet,  MotherwalL 

1883.  JMackeson,  Henry,    llythe,  Kent. 
1873.  •Mackey,  J.  A.    175  Grange-road,  S.E. 

1867.  :  Mack  IB,  SAinna  Joseph.   17  Ilowlev-place,  W. 
1901.  SMack-ie,  William,  M.D.    13  North-street,  FA^n. 

1884.  tMcKillig^an,  John  B.    387  Main-atreet,  Winnipeg,  Canada. 

1887.  JMACK.INDEB,  H.  J.,  M.A.,  F.R.G.S.    (Pres.  E,  1896).  Chn.^t 

Church,  Oxford. 

1891.  tMackintosh,  A.  C.    88  Plymouth-road,  Penarth. 
1860.  iMacknipht,  Alexarrlor.    20  Albany-street,  Edinburgh. 

1872.  'MoLacolan,  lioBBKi,  i  .U.S.,  F.llS.    West  View,  Clarendon-road,. 

Lewiaham,  8.B. 

1896.  iMaclagan,  Mias  Christian.    Ravenscroft,  Stirling. 

1892.  jMaclngan,  Philip  R.  D.    St.  Catherine's,  Liberton,  Midlothian. 
1892.  iMaclagan,  R.  Craig,  M.D.,  F.R.S.E.    5  Coates-creecent,  Edinburgh. 

1886.  •M'Labbs,  The  Hon.  ly^rd,  F.R.S.E.,  F.R.A.S.    46  Moray-place,. 

Edinburgh. 

1897.  tMacLaren,  J.  F.    380  Victoria-street,  Toronto,  Canada. 

1901.  jMaclaren,  J.  Malcolm.    62  Sydney -street,  South  Kensington,  S.W. 

1873.  IMacLaren,  Walter  S.  B.   Newiugton  House,  Edinburgh. 

1897.  tMecLaren,  Bey.  Wm.,  D.D.    57  St.  Oeorge-street,  Toronto^ 
Canada. 

1901.  tMacliiy,  James.    3  Woodlands-terrace,  Glasgow. 
1901.  §Maclay,  William.    Thornwood,  Langaide,  Glasgow. 

1901.  SMcLean,  Angus,  B.Sc.    Ascog,  Meiueriggs,  Paisley. 

1803.  •Maclean,  Maokus,  M.A.,  D.Sc,  F.R.S.E.  (Wal  Sec.  IflOl),. 

Profei?.sor  of  Electrical  En^'ineering,  Technical  College,  Glasgow. 
1884.  |Mcl^unia!i,  Frank.    317  Drumniond-street,  Montreal,  Canada. 
1884.  ^McLennan,  Hugh.   317  Drummond-street,  Montreal,  Canada. 
1884.  jMcliennan,  John.  Laoeaater,  Ontario,  Oanada, 

1868.  SMoLeod,  Herbert,  F.R.S.  (Free.  B,  1898;  ComwU,  1885-80).. 

9  Coverdale-road,  Richmond,  Surrey. 
1892.  :tMacleod,  W.  Bowman.   10  George-squarei  Edinbargfa. 

1888.  *MoIdAHOV,  Lient^Gftieral  O.  A.,  F.R.S.,  F.O.8.  (Pres.  C,  1902). 

20  Nerern-sqiiare,  South  KtMislngton,  S.W. 
1888.  IMacMahon,  Major  Percy  A.,  R.A.,  D.Sc.,  F.R.S.  (Gbnebal 

Skcretart,  1902-      :  Pres.  A,  1901  ;  Council,  1898-1902). 

Queen  Anne's-mansions,  Weitminster,  :5.W. 
1878.  *M'Ma8ter,GeoT^,  M.A.,  J.P.  Rathminea,  Ireland. 

1902.  §McMordie,  Robert  J.    Cabin  Hill,  Knock,  Co.  Down. 

1884.  I^Murrick,  J.  Playfair.    Univenity  of  Michigan,  Ann  Arbor^ 

Michigan,  U.S.A. 
1897.  }M<Neill,  John.  Balhousle  Honae,  Perth. 
1878.  JMacnie,  George.    50  Bolton-street,  Dublin. 

1887.  t ^laconochie,  A.  W.    Care  of  Messrs.  .MrtronorJiie  Broa.,  Loweatoft* 
1883.  t-^lacpheraon,  J.    44  FredenVk-.'itrt'et,  Edinburgh. 

1901.  §Mackitchie,  David.    4  Archibald-place,  Edinburgh. 
^MACfROBT,  EdmvhBv  M.A.,  K.O.   19  Pembridge-equare,  W. 

1003.  §McWeenev,  E.  J.,  M.D.    84  Stephen's-green,  Dublin. 

1902.  §McWbirter,  William.    9  Walworth-terraoe,  Glaagow. 

1887.  iMacy,  Jesse.    Grinnell,  Iowa.  U.S.A. 

1888.  tMadden,  W.  H.  Marlborough  GoUepfe,  Wilta. 

188a.  tMaggs,  Thoran?  Charles,  F.G.S.  56  Clarendon-villas,  Weat Brighton^ 
1902.  $MagUl,  B.,  M.A.,  Ph.D.  The  Manae,  Maghera,  Co.  Deny. 
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1868.  ^Maguay,  F.  A.    Drajton,  near  Norwich. 

1876.  *lfAOVus,  Sir  PmuF,  RSe.  16  OloaeestaNtemoe,  M. 

W. 

1806.  jMa^'uirt},  Thomas  Philip.    Ka.etfi»'ld,  Tjod^e-lane,  LiTflipool. 

1902.  ^Biahon,  J.  L.    29  Lower  Saekville-street,  Dublia. 

1878.  t^Uhany,  W.  A.   84  OoUege-green,  Dattm. 

1887.  \Maitiprice,  W.  S.    Longcroftj  Ath^ncham^  Chesktne. 

18a3.  t-^Jaitland,  P.  C.    136  Great  Portknd-strwt,  W, 

1801».  IMakariuB,  Saleem.    *  Al  Mokattam,' Cairo. 

1881.  I  Malcolm,  LietU.- Colonel,  R.E.    72  Nunthorpf-road,  York. 

1674.  tMaleolmion,  A.  Bw   Frund**  Institate,  Belfiwt. 

1867.  tMALLET,  Jonx  William,  Ph.D.,  M.D.,  F.R.S.,  F.O.S.,  Profe^jrot 

Chemistiy  in  the  Uiii?enitT  of  ViigiiiUL  Alhenuaie  Oo^ 
U.S,A. 

1896.  *ManM|  Aleztodre.  16  Alttuuidnpdriw,  Limpoot 

1897.  tMAa<n>  Sir  H.  C.    32  Earl's  Oourt-aquare,  S.W. 

1887.  {Manchxstbr,  The  Right  Ray.  the  Lord  Bishop      DJ>.  Biahop** 

Court,  Manchester. 
1870.  \Mantfold,  W.  H.,  M.D.   45  Rodney-street,  Liverpool. 

1901.  ffifum,  John,  jun.,  M.A.    1S7  West  George-street,  Glasgow. 
18>^>^.  tMf^nn.W.  .1.    IJodiifv  ITniist',  Trowbridge. 

18U4.  iManniu^',  IVn  v,  M.A.,  F.JS.A.    Watford,  Herts. 

1804.  iMansel-Pleydeii,  J.  C,  F.G.S.    Wbatcvjmbe,  Blandford,  Dorset. 

1888.  tllAiranwH,  Jamk,  M.lart.O.E.,  P.R.S.,  F.O.8.  6  VietomHwBL 

WeBtmiiiat«r,8.W. 

1891.  J  Manuel,  James.    175  Newport-road.  Cardiff. 

1887.  *March,  Henry  Oolley,  M.D.,  F.iS.A.  Porteeh&m,  Dorchester,  Donet> 
■Um. 

1902.  *MudiaBt,  Dr.  E.  W.    University  Colleffe,  LiverpooL 
1870.  JMarcn.nrtu,  ITis  Kxcellencv  Don  Arturo  de.  Madrid. 

1898.  'Mardon,  Heber.    2  Litfie Id-place.  Clifton,  liristol. 
1900.  tMargerison,  Samuel.    Ualverley  Lodge,  near  Leeds. 

XMargeUion,J,  Chatlm.    Tke  JMu,  Lmpley,Si9ke. 

1883.  tMarginson,  James  Fleetwo<^.    The  Mount,  Fleetwood,  LaocMhira. 
1887.  TMarklmm,  Christopher  A.,  F.R.Met.Soc.  Spratton,  Northampton. 
1864.  iMABKHAM,  Sir  Ouuairrs  R.,  K.C.B.,  F.RS.,  IWU.G.S.,  F.S.A. 

(Pres.  E,  1879;  Council  1898-96).    21  Ecdeston-square,  S.W. 

1868.  tMarley,  John.    Mining  Office,  Darlington. 

]«88.  tMarling,  W.  J.  Stanley  Park,  Stroud,  Gloucestershire. 
lss«.  i  Marling,  Ladv.  Stanley  Park,  Stroud,  Gloucestershire, 
1681.  'Mabr.  J.  E.,'M.A.,  F.kS.,  F.G.S.  (Prts.  C,  1896  ;  CouncU  1896- 

1908).  St.  John's  College,  CamMdgtt. 
1887.  Benjamin.    Westleigh,  Heaton  Mersey,  Maiidiester. 

1884.  'Marsden,  Samuel.    1016  North  LeffingweU-ATome,  Sk  Lo«i% 

Missouri,  U.S.A. 

1892.  'MarsdeB-Snwdley,  J.  B.   Les  Ctfeen,  Oromford,  Derbyshire. 
1883.  •  Marsh,  Henry.   73  Wellington  Street,  Leeds. 

1887.  t>Jar«h,  J-  E.,  M.A.    Tho  Museum,  Oxf  rd. 

1864.  t Marsh,  Thomas  Kdwaiti  Miller.    :i7  GroMvenor-place,  Bath 

1889.  •Mabshall,  Alfked,  M.A.,  LL.D.  (Pr^s,  F,  1800),  Profesdor  of 

PoUtioid  Eoooomy  in  tiw  UniTSfsity  of  Oambridge.  B^Oad 
Croft,  Madingley-road,  Oambridge. 
1892.  §Marshall.  Tlurrh,  D.Sc.,  F.R.S.K.     12  Fonsdale-teinoe, Bdmhmgh. 

1890.  iMarshalli  John.   Derwent  Island,  Keswick. 

1001.  jMsnhaU,  Robert  97  Wallinffton-street,  Glasgv>w. 
1886.  *Mabbhall,  William  BlanaT,M.lDst.O.E.  Richmond  HiD, EJghss- 
ion,  BinninghaBL 
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1848.  *Mabbhall,  Wiixiam  P.,  H.IiistOJB.  Riehmoiid  HiU,  Edgbaston 

Binningham.  *  * 

866.  JMarten,  Edward  Bindow.    Pedmore,  near  Stourbridire. 
809.  iMartm,  Hu»  A.  AI.    Park  View,  32  Rivbam-road,  Seveooako. 
801.  ^Martin,  Edwwd  P.,  J.P.    Dowlaia,  Glamorgan. 

887.  •Martin,  Rev  TI.  A.   Grosvenor  Oinh,  OrcMfeiior-entoeDt,  S.W 

884.  {Martin,  N.  U.,  J.P.,  F.L.S.  Raveaawood,  Low  Fell,  Gataahaad-on- 
Tyne. 

889.  'Martin,  Thomas   Heory,   Aaaoc.M.Inst.C.E.    Northdene.  New 
Bamet,  Herts. 

865.  jMartineau,  R  F.    18  HiKhfield-road,  Edffbaaton,  Birmiiiffliani 
88a.  JMarwick,  Sir  J.  D.,  LL.D^  F.B.aE.  (Local  Se?  1870878.  IWD 

Qlaagow.  '       '  /• 

891.  tMarychurch,  J.  G.   46  Parlt^treet,  Cardiff. 
873.  VMassaii,  Lord.    Swinton  Park,  Swinton. 

847.  ^A9Ki5LTiTE,  Neyh,  Story,  M.  A.,  F  RS.,  F.G.a(Ooiinca  1874-80) 
Basset  Down  House,  Swiodon. 

886.  tMason,  Hon.  J.  E.  Fiji. 

8f)6.  IMason,  PhiUp  B.,  F.L.S.,  P.Z.S.  BartoD-on-Trent. 

893.  •Mason,  Thomas.    Endersleigh,  Alexandra  Park,  Nottimrhani 
891.  'xMassey,  William  H.,  M.In8t.0.E.    Twyford,  R.S.O.,  Berkshii^ 

885.  JMaason,  Orme,  D.Sc    University  of  Melbourne,  Victoria.  AustnliA 

888.  tUaaterman,  A.  T.   HoiTenity  of  St.  Andrews,  N.B 
,901.  •Mather,  G.  R.    Boxlea.  Wellingborouph. 
.883.  tMather,  Tvobert  V.    Birkdale  Lodge,  Birkdale,  Southpori 

887.  •Mather,  :Sir  William,  M.P.,  MJoatCE.    Salford  Iron  Worka 
Manchester.  ' 

800  \Mather$^J.  S.    I  Hanover-tguaref  Leetb. 

866.  t Mathews  <\  E.     Waterloo-street,  Birmingham. 
898  piatbews,  K.  R.  Norris.    C.'otham-road,  Gotham,  Bristol 

L894.  t^TKBwa,  a.  B.,  M.A.,  FRS.    St.  John's  College,  Cambridge. 
.8W.  Mathttwa,  G.  8.  82  Augustua-road,  Edgbaston,  Birmingham. 

889.  JMathews,  John  Hitchcock.    1  Queen's-gardens,  Hyde  Park  W 
881.  tMsthwin,  Henry,  B.A.    26  Oxford-road,  Birkdale,  Southnirt.' 
883.  IMathwin,  Mrs.  H.    2(5  0.xford-«na.i,  Birkdale.  Southport. 
902.  SMatley,  C.  A.   90  St  Lawrence -road,  Clontarf,  DubUn 
858.  JMat^ewa,  F.  0.  Mandre  Wofto,  Driffield,  ToAshiie.  * 

885.  IMatthews,  Ja^ois.    Springhill,  Aberdeen. 

886.  tMatthews,  J.  Duncan.    Springhill,  Aberdeen. 

.899.  tMATTHBWs,  William,  C.M.G.,  M.Iust.C.E.  9  Victoriu-street  S  W 
,898.  tUaTOr.PM>fba8orJames,M.A.,Lli.D.  University  of  Toronto  cknidn' 
866.  •Maw,  Qmbot,  F.L.S.,  F.G.S.,  F.S.A.    Benthall,  Kenley,  s'^y 

894.  §Maxini,  Sir  ITirara  S.    18  Queen's  Gate-pkce,  Kensington,  aW  " 
•.Maxwell,  Robert  Perceval.    Finnebrogue,  Do\^Tipatrick 

1888.  §May,  WDKam,  F.G.S.  NorthBeld,  St.  Mary  Cray.  Kent 
901.  'May,  W.  Page,  M.D.,  B.Sc.  9  Maneheatofvsquare,  W.  * 
y84.  'Maybury,  A.  C,  D.Sc.    8  Heathcote-etreat,  W.U. 

878.  •Mayne,  Thomas.    33  Castle-street,  Dublin. 

871.  IMeikle,  James,  F.S.S.    6  St.  Andrew  e-equare,  Kdiiiburirh 

879.  SMeikleiohn,  John  W.  a,  BLD.   106  Hdftand-road,  W  * 

887.  IMeischke-SmiUi,  W.    BiTala  Lumpovs,  SaUnigore,  Straite  Settla- 

mentH. 

1881.  •Meldola,  Raphael,  F.R.S.,  F.R.A.S.,  F.C.R  .  F  T      (I»re8  B 

1896;  CWn  1892-99),  Professor  of  Chemistry  in  the  Finsburv 

Technical  Colore,  aty  and  Guilds  of  London  lastUute.  GBrun/ 
wick-square,  W.C. 

1883.  IMelli^,  Bey.  James.   23  Part-street,  Southport. 
1902.  I  *^ 
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1879.  •Mellwh,  Henry.    Hodsock  Priory,  Worksop. 

1866.  tMELLO,  Rev.  J.  M.,  M.A.,  F.G.S.   Cliff  Hm,  Warwick. 

1883.  tMello,  MrP.  J.  M.    CUff  Hill,  Warwick. 

1806.  §Mellor,  G.  H.    Weston,  Blundellsand^,  LiverpooL 
1881.  SMelroae,  Jamea.   Clifton  Cruft,  York. 

1887.  tMetriUy  J.  Ootmo,  M.A.  Kevnl  Cottage,  Pnttwieh,  VmmmV»mtm 

1865.  I MelTin^  Alexander.   42  BuccIeuch-place,Edinbur>rh. 

1806.  tMenneer,  R.  R.   Ckre  of  Messn.  OriodlaT  &  Co.,  P^tfiiaiiieBt-flnel, 

S.W. 

1901.  tMenneU,  F.  P.   8  Addison-road,  W. 

1888.  tMsinvsLL,  HnrsT  T.  St.  DaiMluVlNiildiiiss,  Qmt  Tuwm  ttwm, 

E.G. 

1879.  ;Mbrivale,  John  Hsbmak,  M.A.  (Local  Sec  1689).  TogsUn  Hall, 

AckUmrton. 

1800.  ^Meorrett,  William  H.    HatheiloT,  Qroffeooi^nad,  WdfingtoB, 

Surrey. 

1880.  IM^rn/,  Alfrpil  S.    Brytt  Heulorf,  Sk^tfv,  near  fhrnmrnm 
1899.  §  Merry  weather,  J.  C.    4  WhiteliHil-courl,  S.W. 

1889.  *Merx,  John  Theodore.   The  Qaarrien,  Newcastle-upon-Tyne. 
1863.  ^Messent,  P.  T.    4  Northumberland-terraoei  TjnenMNit^ 

1806.  SMetzler,  W.  H.,  Profi'ssar  of  Matbamatiot  m  &jTUnm  Umfotf, 

Syracuse,  New  York,  U.S.A. 
1869.  ;Miaj.l,  Louis  C,  F.R.S.,  F.L.S.,  F.G.S.  (Pres.  D,  1897;  LocaI 

See.  1890),  Profenor  of  Hology  in  the  Toikayio  Ooll«ge, 

Leeds. 

1886.  ^Middlemore,  Thomas.    Hollo  way  Head,  Birmingham. 

1866.  tMiddlemore,  William.    Ivdgbaston,  Birmingham. 

1881.  ^MiddlMbrough,  The  Right  Rev.  Richard  Lacy,  D.D.,  Kahop  oL 

Middlesbrough. 

1803.  tMiddleton,  A.    '25  LL^ttT-gTite,  Nottingham, 

1881.  tMiddleton,  R.  Morton,  F.L.8.,  F.Z.S.  40  Windsor-road.  Ealinff.  W 
1894.  •xMiBES,  11.  A.,  M.  A.,  F.R.S.,  F.G.S.,  Professor  of  Mineralogy  ia  the 

Umvanilj  of  OkML   Magdalen  College,  Qsfoid. 
1860.  tMilbum,  John  D.   Qneen-etreet,  NeweMfelo-«ipoii-l>fiMb 

1886.  t  Miles,  Charles  Albert.    Buenos  Avres. 

1881.  XMxLK,  MoBsis  (Local  Sec.  1882).    Warbouna,  HiU-laue,  Soatk- 
ampton. 

1886.  JMiLL,  IluoH  Robert,  D.Sc.,  LL.D.,  F.R.8.R,  F.RG^  (Pk«i.E, 

1901).    t?-  Gloucester-plac*'.  Portman-squarp,  W. 

1889.  'Millar,  Robert  (\)ckburn.    30  York-place,  Ivdinbuigh. 

Millar,  Thomas,  M.A.,  LL.D.,  F.R.S.E.  Perth. 
1876b  tMiiler,  Choree,   BretUry^  near  Briatoi 

1806.  tMiller,  Henry,  M.InstC.E.  Bosmere  House,  Norwidl-lioadtl^piwidl. 

1888.  t>lill^'i*r  J-  Bruce.    Rubislaw  Den  North,  Aberdook 

1885.  i  Miller,  John.   9  Rubislaw- terrace,  Aberdeen. 

1886.  flllUar,  Rot.  Jolio,  RD.  The  College,  Weymontli. 
18fil .  'MiUer,  Robert.    Totteridge  House,  Hertfordshire,  N. 

1890.  ^Miller,  Thomas.  M.Tii^t.r.E.    9  Thoroughfare.  I psM-ick 

1884.  J  Miller,  T.  F.,  B.Ap.Sc.    Napanee,  Ontario,  Canada. 
1876.  I  Miller,  Thomas  Paterson.    uaims,  Cambuslaiig,  N.B. 

1807.  tliiUer,  Willet  Q.,  Profeseor  of  Geology  m  Qoofln's  V^wmAf^ 

Kingston,  Ontario,  Canada. 

1902.  §Millin,  S.  T.    Sheridan  T>od^-o,  Helen's  Bay,  Co.  Down. 

1868.  •Mills  Edmund  J.,  D.Sc.,  F.R.S.,  F.C.S.   11  GreenhiU-ioad, 
Hinow. 

1880.  tmUa,  Bfandeldt  H.,  M.IiMtO.E.,  F.0.&  Sherwood  HalL  Maw- 
field. 
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1902.  §Mill8,  W.  Sloan,  M.A.    Vine  Cottage,  Donaghmore,  Newry. 
1886.  I  Milne,  Alexander  D.    40  Albvn-place,  Aberdeen. 

1882.  •MiL.NE.JoKN,  F.R.S.,F.G.S.  Shide  Hill  Ilouae,81iide,Uto  of  Wight. 
1886.  :jMilne,  Willinni.    40  Albyn-place,  Aberdeen. 

1808.  *MiIner,  8.  iiubiiaffton,  B.8c.    Uuiversitv  Collegei  Sheffield. 

1885.  tMilneB,  Alfred,  M Fj3.8.  SSa  GdAiiixst-temoe,  South  Hamp* 

stead,  N.W. 

1880.  IMiNCHiN,  G.  M.,  M.A.,  F.K.S.,  ri-ofe8«)r  of  Mathematics  ia  the 

Koyal  Indian  Engineering  College,  Cooper's  Hill,  Surrey. 
1866.  tMinrlees,  Jamee  Baehanaa.   45  Scothnd-etreet,  Glasgow. 
1869.  jMitchell,  Alexander,  M.D.    Old  Ilain,  Aberdeen. 
1901.  •Mitchell,  Andrew  Acworth.    7  Iluntly-gardens,  Glasgow. 

1883.  (Mitchell,  Uharlea  T.,  M.A.  41  Addieoa-gatdena  North,  Kenaiogton, 

W. 
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188S.  *ThompdOD,  Uarty  J.,  M.In8t.CJB^  Madras.  CareofMesara.  Qrindlaj 
it  Co.,  Farikmeitt^traet,  8.W. 

1870.  tTHOMTCOK,  Sir  IIenrv,  Bart.    36  Wimpole-street,  W. 

1883.  •Thompson,  Henry  G.,  M.D.    80  I^wer  Addiscomba-road,  Oroydon. 

1881.  IThompson,  Herbert  M.    Whitley  Batch,  Diindaff. 

1891.  tThompeoD,  H.  Wolcott.    9  Park-place,  Cardiff. 

1888.  rTHOXfeoir,  Isaac  Cooki,  F.L.S.,  F.R.M.8.  (Loeal  Sec  1890). 
68  Croxteth-road,  Tiverpool. 

1897.  tThompson,  J.  Barclay.    37  St.  Giles's,  Oxford. 

1891.  iTIiompson,  J.  Tatham,  M.B.   23  Charles-street,  Cardiii: 

1861.  ^Teoioiov,  JooanL  RlTendiito,  Wilnulow,  Oheahire. 

1876.  *ThoillpMll,  Bichard.    Dringcote,  The  Mount,  York. 

1883.  tThompson,  Richard.    Brrttnley  Mead,  WhaUey,  Lancashire. 

1876.  JThompson,  Silvanus  TiaLLiPs,  B.A.,  D.Sc.,  F.R.S.,  F.R.A.S. 

^ouncil  1897-99),  Principal  and  Professor  of  Physics  in  the 
Oity  and  Guilds  of  London  Technical  College,  Finsbury,  E.G. 

1888.  •Tliompson,  T.  H.  Kedlvnch  House,  Green-walli,  Bowdon^Olwilliw. 
1896.  •Thomi'son,  W.  H.,  M.D.    14  Hatch-street,  Dublin. 

1896.  jThompson,  W.  P.   6  Lord-street.  Liverpool. 
1807.  ^Thoms,  wniiam.  Magdaleinyaid-Toid,  IXmdee. 
1804>  ^Thomson,  Arthur,  M.A.,  M.D.,  Professor  of  Human  Anatomj  in 
the  University  of  Oxford.    Exeter  <  'ollege,  Oxford, 

1889.  •Thomson,  James,  M.A.  22  Wentworth-place,  Newcai>tle-upon>Tyne.  • 
1891.  tl^bomson,  John.   70a  GroeTenor-atreet,  W. 

1896.  tTbomsoD,  John.   3  Derwent-Bqoare,  Stonycroft,  Liverpool. 

1890.  IThomson,  Professor  J.  Abihub,  ILA.,  F.k.S.£.  Caatleton  Houses 

Old  Aberdeen. 

1883.  ;Thom8o«,  J.  J.,  M.A.,  D.Sc,  F.K.S.  (Pres.  A,  1896;  CouncU 
189S-06),  Profbiaof  of  Exnerimental  Fhyaes  in  tiie  Unirenily 

of  Cambridge.   Trinity  College,  Cambridge. 

1871.  rTHOMsoiT,    John  Millar,  LL.D.,  F.R.S.  (Council  1896-1901), 

Professor  of  Cbamistry  in  King's  Oolltige,  London.  85  Addiaon- 
TOftd,  W. 

1902.  §Thomson,  J.  Stuart.   Marino  I^iolo^aoj  I. aboratorj,  Plymouth. 

1901.  ^Thomson,  Dr.  J.  T.  Kilpatru  l;     14s  Nurfolk-street,  Glasgow. 
1874.  §Thombon,  Wuxlui,  F,ii.t$,E.,  F.C.S.    Kojal  Institution,  Man- 

cbester^ 

1880.  f  ThomaoD,  William  J.  OMlbaak,  St  Hdeiis. 

1897.  iThorbum,  James,  M.D.    Toronto,  Canada. 

1871.  tThomburn,  Rev.  David,  M.A.    1  John Vplace,  Leith. 

1887.  i^Tbomton,  John.   3  Park-street,  Bolton. 

1807.  tThoraton,  1^  lliomaa.  Dundee. 

1808.  ^Thornton,  W.  K.  The  Durham  Obllege  of  Science,  Ifewcastle-oii- 

Tviie. 

1902.  §Thoruy croft,  Sir  John  1.,  F.R,S.,  M.IustO.E.    Eyot  VUla,  Cbis- 

wick  Mall,  W. 

1888.  tHorowgood,  Samuel.  Oaetle-square,  Brigbtoo. 

1881.  ^Tborp,  Flelden,    Blossom-street,  York. 

1881.  'Thorp,  Josiah.    37  Pleasant-street,  New  Brighton,  Chesliire. 

1898.  $Tborp,  Thonoas.    Moss  Bank,  Wbitefield,  Manchester. 
1806.  {Thorpe,  Jooelyn  Field,  Fh.B.  Owens  OoUeffe,  Manchester. 

1871.  tTHORPE,  T.  E.,  O  B,,  Ph.D.,  LL.D.,  F.R.S.,  F.R.S.E.,  V.P.a8. 

(Pres.  B,  1890  ;  Council  188C  92),  Principal  of  the  Qovemment 

Laboratories,  Clement's  Inn-passage,  W.C. 
1883.  §Thrclfall,  Henry  Singleton,  J.P.    1  London-street,  Soutbport. 

1809.  SThbelfall,  Riobaxd,  M.A.,  F.R.8.  80  Geoige-rosd,  JBdghaaton, 

Biiminghim. 
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1896.  jThrift,  William  Edward,  M.A.,  Professor  of  Natural  and  Eiperi- 

mental  Philosophy  in  the  UniversitT  of  Dublin.    80  Graeveoor- 

sqnare,  Rathmmes,  Dublin. 
1868.  JTHXTrLLTTO,  Oeneml  Sir  H.  E.  L.,  K.A.,  0.ai.,  FJLS.,  PJLO^ 

Tudor  Houae,  Kichmond  Green,  Surrey. 
1880.  |ThT8,  Captain  Albert.    9  Rue  Briderode,  BroaBala. 
1870.  ITIdtlMmiei  OhuiM  R.  O.,  LL.D.,  F.O.8.,  1LB.UL  ApoOMviai* 

HftU  of  Ireland,  Dublin. 
1-^7.3.  •TiDDEMAW,  R.  H..  M.A.,  F.G.S.    175  Banburr-road,  Oxford. 
1874.  JTiLDiN,  WiLUAM  A.,  D.Sc.,  F.R.S.,  1W.0.S.  (Pr^s.  B,  1888, 

Goundl  1898-      Profesior  of  Chemistry  in  the  Royal  College 

of  Sdeooe,  Sooth  Ksnainglon,  London.  The  (Mbb,  amtkwoSi, 

Middlepox, 

1883.  tTillvftrd,  A.  1.,  M.A.    Ford  field,  Cambridge. 

1883.  iTillyarxi,  Mrs.    Fordfield,  Cambridge. 

1806.  fTimmifl,  Tbomu  Satton.  Oleveley,  AllerCoo,  Uforpodl. 

1899.  iTims,  H.  W.  Marett,  M.D.,  F.L.S.  10  Bateman-streefe,  OMnhrilHL 
1902.  §Tipper,  Charles  J.  R.,  B.Sc.    «  Beechwood,  Kendal. 

1900.  §Tocher,  J.  F\,  F.LC.   6  ChapeUtreet,  Peterhead,  N.B. 
1876.  tTodd,  B«¥.  Br.  Tndor  HaU,  Fovtft  HjH,  a£. 

1891.  tTodd,  Bidiaid  Beea.   Portuguese  Consulate,  Gudiff. 

1897.  I Todhunter,  James.    85  VVpllesley-street,  Toronto^  Ottttda. 
•  188i)  §Toll,  John  M.    49  Newsham-drive,  Liverpool. 

1857"  iXombe,  Rev.  Canon.    Glenealy,  Co.  VVicklow. 

1888*  tTonldna,  Rot.  HeniyGeoige.  Piik  Lodge,  Weetoo-super-MaNL 

1896.  XTonu,  Frederick.    1  AmbUaU^-avmrte,  St  rent  ham,  S,W, 

1887.  tTonore,  Jame**,  F.G.S.  Woodbinp  TTouse,  West  Houghton.  B-^lt^n. 
1866*  lTtMk«t  Edmundf  B.C.L.  rackuxHjd  Grange^  KnowU,  H'etrwicksAire, 
168*.  *ToolDqr,Ohftrlee,F.G.8.  Portland  Hotel,  Gnat  Portlaod-etieet,  W. 
187&  tTonr,  Oharles  Hawley.  St  AlWa  Tow,  Mansadd-road,  Sh«» 

wood,  Xotlin^'hriTTi. 

1884.  •TorraTir.',  Kev.  liobert,  D.D.    Guelph,  Ontario,  Canada, 
187a.  jTovvueud,  W.  II.    Heaton  Hall,  Bradford,  Yorkshire. 

1876.  tTownaend,  Charlee.  St.  Mary's.  Stoke  Bishop,  BritloL 

1901.  ^Townsend,  Professor  John  S.'  New  Gollepe,  Oxford. 
1861 .  tTown.Mf^nd ,  William.   Auleboiough  Hall,  near  Nuneaton. 

1877.  jTozer,  Ilenn.  Ashburton. 

1876.  rriuil,  J.  W.  H.,  M.A.,  M.D.,  FJL8..  F1«.S.,  Regius  Professor  of 
Botany  in  the  University  of  Aberdeen. 

1888.  tTRATLL,  A..  M.D.,  LL.D.    Ballylough,  Bushmills,  Ireland. 

1870.  ITbaill,  William    A.    Giant's  Cauauway  Electric  Tmnwaj, 
Portruah,  Ireland. 

1868.  tTEAQUAiB,  Ramsay  II..  M.D.,  LL.D.,  F.R.S.,  F.G.S.  (Btm. 

1900).  Keeivr  of  the  Natural  Hiatoiy  OoUeetiooa,  Moaeam  of 

Science  and  .\rt,  I-^dinbiirph 
1002.  §Traver8,  Ernest  J.    Dunmurry,  Co.  Antrim. 
1881.  t  Trm/ei,  ValenHm,   MauuMi  BaU,  Neu^ort  MonmmttkMre. 
1884.  jTrechmann,  Charles  O.,  Ph.D.,  F.G.S.  Hartlapodl. 
1868.  tTrehane,  John.    Exe  Vit^w  Lawn,  Exeter. 
1891.  tTreharne,  J.  LI.    92  Newport-road,  Cardifl'. 

Trench,  F.  A.    Newlands  House,  ClondaUdn,  Ireland. 
1887.  *Trench-Gascoigne,  Mn.  F.  R.  Lotherton  HaU,  Partington,  Aber> 

ford,  Leed>. 

1883.  jTreudell,  VAwux  .lames,  J. P.    Abbey  House,  .\bingdon,  Berks. 

1884.  jTreuham,  Normnii  W.    18  St.  Alexie-street,  Montreal,  Canada. 
1884.  |Tribe,PanlO.M.  44  West  Oneida-atreet,  Oswego,  New  York,n.SJL 
1870.  tTikkett,  F.  W.   12  Old  Haymarket,  Sheffield. 
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1871.  tTROfBN,  RoLAHD,  M.A.,  F.K.S.,  F.L.S.,  F.Z.8.  19  EmperorV 
gBto,  S.W. 

1800.  $Tbibtrax,  Rev.  Henry  Baker,  D.D.,  IjL.D,,  F.B.S.,  Oanoo  of 

Durham.    Th*'  Collepe,  Durham. 
1902.  §Tristram,  Rev.  J.  F.    ItK)  MosB-aide,  Alanehester, 

1884.  rrrottor  Akxandvr  Pelhun.  8  Richmond-temoe,  WldtaliaU,  S.W. 

1885.  §Tbotteb,Ooutt8,F.G.S.,F.R.G.S.  lORandolph^snsoeiityEdmbuigli 
1891.  iTrounce,  W.  J.    67  Newoort-road,  (Cardiff. 

1887.  •Tbouton,  Fkbdjsrick  T.,  M.A.,  D.Sc.,  F.11.S.,  Professor  of  Physicfc 

in  Unhranitj  College,  W.C. 
1898.  §Trow,  Albert  Howard.   Glanhafren,  60  Clive-road,  Penarth. 

1886.  •Tubby,  A.  H,,  F.K.C.S.  l»5  Wevmouth-street,  Portland-place,  W. 
1847.  •Tuckett,  Francis  Fox.    Frencbav,  Bristol. 

1888.  ITuckelt,  William  Fothergill,  M.t).    18  Daniel-street,  Bath. 
1871.  tTuke,  Sir  J.  Batty,  M.D.,  M.P.   Cupar,  Fifeshire. 

1883.  tTirppER,TheHon.SirCHARLE8,Bart.,G,C.M.Q.,0.B.  Ottawa^anada. 

1S92.  iTurnbuU,  Alexander  R.    Ormiaton  House,  Hawick. 

1866.  iXumbuli,  John.   87  West  Geoi>j^street,  Gla^w. 

1001.  fTumbnlly  Robert.  Department  of  Agricnltmre  and  Itehnical  In- 
Btmction,  DoUin. 

1901.  iTurner,  A.  Crosbie.    65  Bath-street,  Glasgow, 

1893.  §TuRNEii,  Dawson,  M.B.    37  George-square,  Edinburgh. 

1882.  iXumer,  G.  S.    Pitcombe,  W^iuchester-road,  Southarapton. 

1888.  ^Turner,  Mrs.  G.  S.    Pitcombe,  W'inchester-road,  Southampton. 

1804.  rruRNER,  ir.  n.,M.A.,  D.Sc.,  F.R.S  ,  F.H.A.S.,  Professor  of  Aatro- 
nomy  in  the  University  of  Oxford.    The  Observatory,  Oxford. 

1886.  *TnK2rBR,  Thomab,  A.R.S.M.,  F.C.S.,  F.I.O.,  Profesaor  of  Metal- 
lurgy in  the  UniTeiritj  ca  Biimingfaam.  86  We11ington-road» 
Edgbaaton,  Birmingham. 

1868.  •Tfrtcer,  Sir  William,  K.O  B.,  LL.D.,  D.C.L.,  F.R.S  ,  F.ll.S.E. 

(Prbsidbwt,  1900;  Pres.  H,  1880,  1897),  Principal  of  the 
Univerritr  of  Edinburgh.   6  Eton-terrace,  Edinburgh. 

1898.  tTuRiTEY,  Sir  John,  J. P.    Alexandra  Park,  Nottingham. 

ISiK)  •Turpin,  G.  S.,  M.A.,  D.Sc.    High  School,  Nottingham. 

1886.  •Twigg^,  G.  H.     50  Clare mont-road,  Handsworth,  Rirminghum, 

1898.  tTwiggs,  H.  W.   66  Victoria-street,  Bristol. 

1809.  fTwiaiSen,  Jobn  R,  M.A.   14  Gray's  Inn-Moare,  W.O. 

1888.  iTvack,  Llewelyn  Newton.    Universitv  Ooilege,  Bristol. 

1866.  §T*YLOR,  Edward  Burnett,  D.O.L.,  LL.D.,  F.R.S.  (Pres.  H,  1884; 

Oouncil  1896-1902),  Professor  of  Anthropology  in  the  Univer- 
sity of  Oxford. 

1888.  iTyrer,  Thomas,  F.O.S.    Stirling  Ohemical  Works,  Abbeywlue^ 

Stratford,  E, 

1897.  tXyrrell,  J.  B.,  M.A.,  B.Sc.  Ottawa,  Canada. 


1884.  •Underbill,  G.  E.,  M..\.   Magdalen  Collt^,  Oxfbrd. 
1888.  t Underbill,  H.  M.    7  High-street,  Oxford. 
1886.  i  Underbill.  Thomas,  M.D.    West  Bromwich. 

1886.  SUnwin,  Howard.  1  Newton-grove,  Bedford  Park,  OUswick,  W . 
1888.  fUnwin,  John.    EastclifTe  Lodge,  Southport. 

1878.  •Unwitt,  W^  C,  F.U.S.,  M.Inst.C.K.  (Pres.  G,  1892;  Council, 
1892-90),  Professor  of  Enirinw^ring  at  the  Central  Institution 
of  the  City  and  Guilds  of  London  Institute.  7  Palace-gate 
Mansions,  Kensington,  W. 

1887.  J  Upton,  Francis  K.    Orange,  New  Jersey,  U.S.A. 
1872.  :tUpward»  Alfred.   150  HoUand-road,  W. 
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1876w  IUto,  JohnF.  6  CSAfenmit^emM,  CHmoow. 

1866.  ttTrquhart,  William  W.   Botelifty,  Brou<;hty  Ferrj,  by  DoadHL 

1898.  tUaher,  Thomas.    3  Elmgrove-road,  Cotham,  Bristol. 

1902.  SUflsher,  li.  J.    Oappa^ii^h  House,  Capp&gh,  Co.  VVaterfoid. 

1880.  IUbsheb,  W.  A.£.,F.G.S.  38  Jerm^-Q-street,  S.W. 


1885.  tVachell,  Oharlea  Tanfield,  M.D.    38  Charl .  -str.^tt,  CaniiA. 
1896.  iVacher,  FrancU.    7  Shrewt»burjHroad|  liirkeohead. 

1887.  *ValeDtuie,  Miat  Anna.  The  Elma,  Hala,  near  Altiinchani. 

1888.  XVallnitin,  liupert.    \S  Kitnberley-road,  Falmouth. 

1884.  t  Van  Home,  Sir  W.  0^  ILCM-G.  Doichaater-atiaat  West,  Monteaal, 
Canada. 

188a  *Vaiirittart»  The  Hon.  Mn.  A.  A.  Haywood  House,  OaUanda-foad. 

Bromley,  Kent. 

1868.  IVarley,  Frederick  IF..  F.R.A.S.   MUdomj  FM  Worin^ MUmy- 

av»'nup,  Stoke  Newiu^on,  N. 
1865.  •Varlby,  S.  Ali^rbd.  Arrow  Works,  Jackson-road,  Hollowaj,  H. 
167a  t  TorAy,  Jfrt.  S,  A,  b  Om^t^m-road,  SamptUad,  N,  W, 

1869.  tVarwell,  P.    2  Pennavlvania  Park,  Exeter. 
18H4.  tVasey,  Charles.  1 12  Oambridge-garden?.  W. 

1896.  |VaugbaD,  D.  T.  Qwyane.    Howry  Hail,  Llaudriodody  Iiadnor»hira. 

1887.  ^ATOfltAV^flMEiiiiiienoeCMiiMf.  Oar1id«-flaee,WeBUBiiiilar,&W. 
1876.  jVau);rhan,  Miss.    Burlton  Ilally  Shrewsbury. 

1883.  tVaughan,  William.    42  Sus^sex-road,  Southport. 
1881.  ^Velf.y,  V.  11.,  M..\.,  F.IJ.S.,  F.C.S.    20  Brad  more-road,  Oxfori 
1873.  •VEiiNBV,  Sir  Edmuxd  H.,  Bart.,  F.R.G.S.  Claydon  llouee,  Wiu^ow, 
Bucks. 

1883.  •Veniev,  Lady.    Claydon  House,  Winslow,  Bucks. 
I8i)6.  •Vernon,  Thomas  T.  '  Wybonie  Gate,  Birkdale,  Southport. 
1896.  *Venion,  William.   Tean  Hurst,  lean,  Stoke-upoa-Treiit. 
1864.  *ViOABT,  WmiAii.  F.Q.8w  The  Prioryi  OoOfltiNMMeeot,  Bm«. 
18ea  •Villamil,  Lwot-OoloDal  a  de»  SL  lliryX  MeMb-road^ 

Eastbourne. 

1899.  'Ydtceni,  Sw.vle,  M.B.    Phjaiological  LaboraUoj,  UniTenity 
College,  Cardiff. 

1888.  •ViNBS,  Sydkbt  Howard,  M. A.,  D.Sc,  F.BJ3.»  F.L.S.  ^wk.  K, 

UKX) ;  Council,  1  H;)4-r)7),  Professor  of  Botuqr  in  the  Unmni^ 

.»f  Oxford.    Headington  Ilill, Oxford. 
1902.  §ViuYiomb,  T.  B.   43  Prospect-terrace,  University -road,  Belfast. 
1881.  \  Vivian,Stepheik,  ZknUnmrnL 


1886.  *Wackrili,  Samuel  ThomaS|  J.P.    38  Portland-Street,  Ltmauagtoo. 

1902.  SWaddell,  Rev.  C.  H.   The  Vicarage,  Sidntfield. 

1860.  X Waddinj^ham,  John.  Guiting  Grange,  Winchcombe,  Gloucestershire. 

1900.  jWaddin^'tnn,  Dr.C.K.  2  Marlborough -road,  ManninghMH^Bfadferi. 

1888.  fWadworth,  II.  A.    Br^'intnn  Court,  npar  flerv^ford. 

1890.  §Waobr,  Harold  W.  T.,  F.L.S.  Arnold  House,  Bass-street,  Berbv. 
1900.  tWafntaff,0.  J.L.,B.A.  8High8«ld-p]aoe,Manninsham,Bndte(L 

1891.  tWaSes,  T.  W.    23  Richmond -road,  Cardiff. 

UK)2.  §Wainwright,  Joel.    Finchwood,  Marple  Bridge,  Stockport. 

1864.  X  Wait,  CliarlM  £.,  Profeesor  of  Chemistry  iu  the  t  niTeraitj  of  Ten- 

nomoe.  Knoxviltey  TenneMee,  U.S.A. 

1886.  t^^i^^*^-         Tke  Cedtar9,Be§icU,WaMi. 

1870.  J  Wakf,  Cn  vRLE!*  Staxiland.  Welton,  near  Brough,  East  Yorkshire. 
1884.  IWaldstein,  Professor  C,  M.A.,  Ph.D.    King's  Coll^  Oambnd^a. 
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1891.  t^aitt,H,  T.  J^nemrtW. 

1891.  t^aUbld,  Edwwd,  M.D.    Thanet  House,  Oathedial-roftdt  OiXdiE 
1894.  tWALPORD,  Edwih  a.,  F.G.S.    21  West  Bar,  Banbury. 

1882.  •Walkden,  Samuel,  F.R.Met.S.    Downside,  VVhitchuroh,  Ta?iatock. 

1886.  I  Walker,  Mr.  Baillie.    52  Victoria-street,  Aberdeen. 

180&  f  Willnr,  AIM  O.,  F.L.a   Uleoiiibe  PlaM,  IfaidrtOM,  Kant. 

1890.  §  Walker,  A.  Taonett.   The  Elms,  Weetwood,  Leeds. 

1901.  •Walker,  Archibald,  M.A.,  F.I.O.    8  Crown-terrace,  Qlaagow 

1887.  *Walkbb,  B.       F.a.a  (Local  Sec.  1897).   OanadiaQ  iiank  of 

1883.  t  Walker,  Sirs.  Emma.    18  Lendal,  York. 

1883.  t Walker,  E.  R.    Pa«?field  Ironworks,  Wig^n. 

1891.  §  Walker,  Frederick  W.  Tannett.    Carr  Manor,  Meanwomi,  Xjeedl* 
1897.  t  Walker,  Geoive  Blake.   Tankersley  Grange,  near  iiaraaidy* 
1804  •WkVKMB,  G.  T.,  M.A.   Trinity  GoUego,  Oambridg«. 

186«.  t Walker,  H.    Weatwood,  Newport,  by  Dundee. 
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